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PREFACE. 


^  flCtSXCI  18  THl   KNOWLIDOB  OP  MAVT,  OROEELT  AND   METHODICALLY  DIGESTED  AKD 
ABBJISGED,  80  A8  TO  BECOME  ATTAINABLE  BY  ONE." — Sir  John  F.    W.  MeTMCheL 


Although  three  Editions  of  the  Author's  "Principles  of  General 
and  Comparative  Physiology"  have  appeared  in  England — in  the 
years  1839,  1841,  and  1851  respectively — no  reprint  of  these  took 
place  in  the  United  States.  '  By  an  arrangement  effected,  however, 
between  the  American  and  the  English  publishers,  the  Third  Edition 
was  printed  on  joint  account;  and  its  reception  in  America  was  such 
as  to  confirm  the  former  in  their  intention  of  reprinting  the  next 
English  Edition,  in  order  that  it  might  range  with  their  reprint 
of  the  Author's  Human  Physiology,  of  which  five  Editions  have 
appeared  in  the  United  States. 

The  present  Volume,  however,  is  not  altogether  a  new  edition  of 
the  original  "Principles  of  General  and  Comparative  Physiology;" 
for  the  success  of  the  previous  edition  of  that  work — as  evinced, 
not  merely  by  its  rapid  sale,  but  by  the  numerous  expressions  of 
high  appreciation  which  it  drew  forth  from  those  most  competent  to 
judge  of  its  merits,  both  in  England  and  America — has  encouraged 
the  Author  to  carry  into  effect  a  change  of  plan  which  had  sug- 
gested itself  to  him  during  its  preparation.  For  having  been  led 
on  by  the  desire  of  rendering  his  work  as  complete  as  possible,  to 
enlarge  it  to  the  utmost  admissible  dimensions  of  a  single  volume, 
he  felt  that  it  would  be  impossible  to  do  justice  to  any  subsequent 
extensions  which  its  subject  might  receive,  without  making  some 
alteration  in  its  form.  And  this  conclusion  acquired  a  greatly- 
increased  force,  when  the  demand  for  a  new  Edition  led  him  to 
survey  the  deficiencies,  which,  notwithstanding  all  his  care,  had 
been  left  in  the  former  one ;  and  to  estimate  the  amount  of  new 
matter,  not  only  deserving  but  requiring  notice,  which  the  diligence 
of  observers  in  various  departments  of  this  comprehensive  Science 
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liad  accumulated  in  the  short  interval.  Instead  of  dividing  the 
entire  Treatise  into  two  Volumes,  however,  as  suggested  to  him  by 
many  of  his  friends,  the  Author  has  preferred  to  divide  its  subjects j 
so  as  to  treat  of  them  separately  though  connectedly ;  and  he  has 
chosen,  for  various  reasons,  to  proceed  first  with  the  "Compara- 
tive Physiology."  The  portion  of  the  former  edition  which  treated 
of  this  subject  has  been  largely  augmented,  and  carefully  revised 
throughout;  and  the  Author  ventures  to  think  that  this  Treatise 
more  completely  represents  the  state  of  the  Science  at  the  period  of 
its  publication,  than  it  has  done  on  any  preceding  occasion.  He 
can  honestly  say  that  he  has  spared  no  time  or  labor  in  its  prepa- 
ration, which  it  has  been  in  his  power  to  bestow.  And  he  looks 
with  hope,  therefore,  to  a  continuance  of  that  friendly  indulgence 
with  regard  to  errors  and  shortcomings,  which  has  been  so  liberally 
afforded  on  previous  occasions.  As  to  certain  points  on  which  his 
opinions  have  undergone  modification,  he  can  again  refer  with  satis- 
faction to  the  following  passage  in  the  Preface  to  his  former  editions: 
"  Truili  is  his  only  object ;  and,  even  if  his  own  doctrines  should  be 
overthrown  by  more  extended  researches,  he  will  rejoice  in  their 
demolition,  as  he  would  in  that  of  any  other  error.  The  character 
of  the  true  philosopher  as  described  by  Schiller — one  who  has  always 
loved  truth  better  than  his  system — will  ever,  he  trusts,  be  the  goal  of 
his  intellectual  ambition." 

In  attempting  to  embody  in  a  Systematic  Treatise  the  general 
aspect  of  Physiology  or  any  other  Science  of  like  comprehensive- 
ness, it  will  be  obvious  that  an  Author,  however  extensive  his  own 
range  of  acquirement,  must  largely  avail  himself  of  the  labors  of 
others ;  and  that  the  scientific  character  of  iSuch  a  treatise  must 
depend,  not  so  much  on  the  amount  of  original  matter  it  may  con- 
tain, as  on  the  degree  in  which  "  the  knowledge  of  many"  has  been 
"orderly  and  methodically  digested  and  arranged,  so  as  to  become 
attainable  by  one."  It  is  by  this  standard  that  the  Author  desires 
his  work  to  be  tried ;  and  he  cheerfully  leaves  the  verdict  to  the 
judgment  of  those,  who  are  qualified  by  their  own  knowledge  of  the 
subject  to  pronounce  *it.  He  feels  it  due  to  himself,  however,  to  state 
that  he  has  devoted  considerable  time  and  attention  to  the  verifica- 
tion of  the  statements  of  other  observers,  especially  on  points  under 
dispute — a  kind  of  labor  which  is  but  little  appreciated  by  those, 
who  contemptuously  designate  works  like  the  present  as  "mere 
compilations ;"  and  that  a  large  amount  of  materials,  drawn  from 
his  own  original  inquiries,  is  scattered  through  the  work.  It  would 
have  been  easy  for  him  to  bring  these  last  into  greater  prominence, 
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had  he  been  so  disposed ;  but  as  his  constant  aim  has  been,  to  work 
out  his  general  plan  harmoniously  and  methodically,  rather  than  to 
force  any  one  portion  of  it  into  undue  prominence,  he  has  generally 
preferred  to  allow  his  own  contributions  to  pass  undistinguished, 
rather  than  to  be  continually  obtruding  his  personal  claims  upon 
the  attention  of  his  readers.  He  would  remark,  moreover,  that 
originality  may  be  as  much  shown  in  the  development  of  new  rela- 
tions between  facts  and  phenomena  observed  by  others,  as  in  the 
first  discovery  of  such  facts ;  and  he  believes  that  by  the  mode  in 
which  he  has  combined  and  arranged  his  materials,  he  has  frequently 
been  enabled  to  impart  a  new  and  unexpected  value  to  statements, 
which,  in  their  previously  isolated  condition,  were  of  comparatively 
insignificant  import. 

Although,  in  the  selection  of  these  materials,  the  Author  has 
endeavored  to  avail  himself  of  the  best  and  most  recent  information 
he  could  procure  upon  each  department  of  the  subject,  it  is  scarcely 
to  be  expected  that  he  should  be  equally  well-informed  upon  every 
point;  and  those  who  have  followed  particular  departments  into 
detail,  will  doubtless  find  scope  for  criticism  in  what  they  may 
regard  as  deficiencies,  or  even  as  errors.  Here,  again,  the  Author 
must  beg  that  his  work  may  be  estimated  by  its  general  merits;  and 
rather  by  what  it  does^  than  by  what  it  does  not  contain.  It  would 
have  been  far  easier  to  expand  it  by  mere  compilation  to  twice  its 
present  dimensions,  than  it  has  been  found  to  compress  the  accu- 
mulated mass  within  the  space  which  it  even  now  occupies. 

It  has  been  the  Author's  endeavor,  wherever  practicable,  to  draw 
the  materials,  both  for  his  text  and  for  its  illustrations,  direct  from* 
original  Treatises  and  Monographs ;  and  thus  to  avoid  the  errors 
which  too  frequently  arise  from  second-hand  transmission.  To  have 
attempted,  however,  to  assign  each  individual  fact  to  its  original 
discoverer,  each  doctrine  to  its  first  enunciator,  would  have  aug- 
mented the  bulk  of  the  volume  far  beyond  the  dimensions  appro- 
priate to  a  Text-Book;  and  while  most  desirous  to  avoid  taking 
credit  for  what  is  not  his  own,  the  Author  has  felt  himself  compelled 
to  limit  his  references,  for  the  most  part,  to  those  neio  facts  and  doc- 
trines, which  cannot  be  yet  said  to  have  become  part  of  the  common 
stock  of  Physiological  Science.  The  number  of  such  references  has 
been  largely  increased  in  the  present  edition ;  and  the  "  Index  of 
Authors"  which  has  been  added,  will,  it  is  hoped,  be  found  useful  in 
enabling  the  reader  at  once  to  turn  to  the  notice  of  any  original 
observation  that  he  may  desire  to  retrace.  The  Illustrations  not  his 
own,  which  likewise  have  received  numerous  important  additions 
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are  referred  to  their  originals  in  the  list  at  the  commencement  of  the 
Volume ;  and  this  list  will  also  afford  useful  assistance  to  those  who 
may  desire  to.  carry  out  their  inquiries  in  any  particular  direction. 

The  Author  cannot  bring  his  task  to  a  conclusion,  without  ex- 
pressing the  great  obligations  under  which  he  lies  to  his  friend,  Mr. 
T.  H.  Huxley,  not  only  for  many  valuable  suggestions,  but  also  for 
the  readiness  which  he  has  on  all  occasions  evinced,  to  impart  to 
him  whatever  he  might  seek  from  his  own  extensive  stores  of 
original  and  acquired  information ;  nor  without  paying  his  tribute 
of  regard  to  the  memory  of  his  lamented  friend,  Mr.  G.  Newport, 
whose  premature  death  has  deprived  British  Science  of  one  of  its 
most  ardent  and  disinterested  votaries,  at  a  time  when  he  was 
beginning  to  reap,  in  the  appreciation  of  his  discoveries  on  the 
Impregnation  of  the  Amphibia,*  the  credit  so  justly  due  to  his 
laborious,  accurate,  and  sagacious  researches,  in  the  new  field  to  the 
cultivation  of  which  he  had  latterly  applied  himself. 

It  is  the  Author's  intention  to  reproduce  the  "  General  Physio- 
logy" of  his  former  Edition,  as  a  companion  volume  to  the  present, 
so  soon  as  the  numerous  demands  upon  his  time  may  permit  him  to 
bestow  upon  that  part  of  his  revision  the  careful  attention  which  it 
requires. 

Univbrsitt  Hall,  London, 
JuM  1,  1854. 


I  In  a  Postscript  to  tho  work  referred  to  in  the  Note  to  p.  682,  written  almost  oon- 
tempomnoously  with  Mr.  Newport's  decease,  Prof.  Bischoff  states  that  he  has  himself 
confirmed  Mr.  N.'s  observation  of  the  penetration  of  the  Spcrmatoioon  into  the  OTom 
of  the  Frog,  and  gives  him  full  credit  for  the  determination  of  this  important  fact 
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OHAPTEE   I. 

ON  THE  GENERAL  PLAN  OF  ORGANIC   STRUCTURE  AND  DEVELOPMENT. 

1.  There  are  few  things  more  interesting  to  those  who  feel  pleasure  in 
watching  the  extraordinary  advancement  of  knowledge  at  the  present  time, 
than  the  rapid  progress  of  philosophical  views  in  every  department  of 
Biological  Science ;  the  pursuit  of  which  has  until  recently  been  made  to 
consist,  almost  exclusively,  in  the  mere  collection  and  accumulation  of  facts, 
with  scarcely  any  attempt  at  the  discovery  of  the  ideas  of  which  they  are 
but  the  expressions.  The  laws  of  Life  were  long  considered  beyond  the 
reach  of  human  investigation ;  and  the  mind  shrank  from  attempting  to 
analyze  its  complex  and  varied  phenomena,  which,  though  constantly  under 
observation,  must  be  reduced  to  their  simplest  form,  before  any  inductive 
reasoning  can  be  founded  upon  them.  It  is  recorded,  however,  of  Newton, 
that,  whilst  contemplating  the  simplicity  and  harmony  of  the  plan  according 
to  which  the  Universe  is  governed,  as  manifested  in  the  relations  which  his 
gigantic /nind  discovered  between  the  distant  and  apparently  unconnected 
masses  of  the  solar  system,  his  thoughts  glanced  towards  the  organized 
creation ;  and  reflecting  that  the  wonderful  structure  and  arrangement  which 
it  exhibits,  present  in  no  less  a  degree  the  indications  of  the  order  and 
perfection  which  can  result  from  Omnipotence  alone,  he  remarked,  '*I  can- 
not doubt  that  the  structure  of  animals  is  governed  by  principles  of  similar 
uniformity."  ("  Idemque  dici  possit  de  muformitate  ill^,  quae  est  in  cor- 
poribus  animalium.")  "  Why,"  asks  Cuvier,  tn  his  eloquent  discourse  on 
the  revolutions  of  the  globe,  ''should  not  Natural  History  some  day  have 
its  Newton  ?" 

2.  Although  the  labors  of  the  Naturalist  and  Comparative  Anatomist 
have  not  yet  unveiled  more  than  a  small  part  of  that  general  plan,  the  com- 
plete discovery  of  which  may  perhaps  be  reserved  for  another  Newton,  many 
subordinate  principles  have  been  based  on  a  solid  foundation,  and  many 
more,  which  were  at  first  doul^ful,  are  daily  receiving  fresh  confirmation. 
Several  of  these  laws  are  alike  important  from  their  extensive  range,  and 
interesting  from  the  unexpected  nature  of  the  results  to  which  they  fre- 
quently lead;  and  though  their  application  may  sometimes  appear  forced, 
and  inconsistent  with  the  usual  simplicity  of  Nature,  further  investigation 
will  generally  show  that  the  difficulty  is  more  apparent  than  real — ^frequently 
arising  solely  from  our  own  prejudices,  and  diminishing  in  proportion  as 
we  fix  our  attention  upon  that  combination  of  unity  of  plan  with  variety  of 
purpose f  by  which  is  produced  the  endless  diversity  united  with  harmony  of 
forms,  so  remarkable  in  the  animated  world. 

3.  In  comparing  phenomena  of  any  kind,  for  the  purpose  of  arriving  at 
a  principle  common  to  them  all,  it  is  necessary  to  feel  certain  that  they  are 
of  a  similar  character.  Indeed,  the  sagacity  of  the  philosopher  is  often  more 
displayed  in  his  discovery  of  that  relation  amongst  his  facts,  which  allows 
of  their  being  compared  together,  than  in  the  inferences  to  which  such  com- 
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pariBon  leads  him.  The  brilliancy  of  Newton's  genius  was  shown  in  the 
perception,  that  the  fall  of  a  stone  to  the  earth,  and  the  motion  of  the  moon 
around  it,  were  comprehensible  under  the  same  law ;  not  in  the  mere  de- 
duction of  the  numerical  law  from  the  ratios  supplied  by  those  facts. — ^In 
the  sciences  which  have  Life  for  their  subject,  the  apparent  dissimilarity  of 
the  facts  which  are  made  the  objects  of  comparison,  often  prevents  the  true 
relation  between  them  from  being  readily  detected.  Here  it  is  that  the 
mental  training  which  the  previous  cultivation  of  Physical  science  affords, 
becomes  peculiarly  valuable  to  the  Physiologist.  "  The  most  important 
part  of  the  process  of  Induction,"  says  Professor  Powell,*  **  consists  in 
seizing  upon  the  probable  connecting  relation,  by  which  we  can  extend 
what  we  observe  in  a  few  cases  to  all.  In  proportion  to  the  justness  of 
this  assumption,  and  the  correctness  of  our  judgment  in  tracing  and  adopt- 
ing it,  will  the  induction  be  successful.  The  analogies  to  be  pursued  must 
be  those  suggested  from  already-ascertained  laws  and  relations.  Thus,  in 
proportion  to  the  extent  of  the  inquirer's  previous  knowledge  of  such  re- 
lations subsisting  in  other  parts  of  Nature,  will  be  his  means  of  guidance 
to  a  correct  train  of  inference  in  that  before  him.  And  he  who  has,  even 
to  a  limited  extent,  been  led  to  observe  the  connection  between  one  class 
of  physical  truths  and  another,  will  almost  uncon^iously  acquire  a  tendency 
to  perceive  such  relations  among  the  facts  continually  presented  to  him. 
And  the  more  extensive  his  acquaintance  with  Nature,  the  more  firmly  is 
he  impressed  with  the  belief  that  some  such  relation  must  subsist  in  all 
cases,  however  limited  a  portion  of  it  he  may  be  able  actually  to  trace.  It 
is  by  the  exercise  of  unusual  skill  in  this  way  that  the  greatest  philosophers 
have  been  able  to  achieve  their  triumphs  in  the  reduction  of  facts  under 
the  dominion  of  general  laws." 

4.  The  first  group  of  phenomena  encountered  by  the  Biological  student, 
is  that  presented  in  the  many  hundred-thousand  diverse  forms  of  organic 
structure,  of  which  the  Animal  and  Vegetable  kingdoms  are  made  up ;  and 
it  is  necessary,  at  the  very  outset  of  the  inquiry,  to  settle  the  principles 
upon  which  these  are  to  be  compared.  In  many  instances,  it  is  true,  there 
can  be  no  room  for  hesitation ;  the  general  type  of  conformation  of  two  or 
more  organisms  being  obviously  the  same,  and  the  differences  in  detail 
never  obscuring  the  resemblances  between  their  component  parts.  But  this 
holds  good  to  only  a  very  limited  extent ;  and  we  are  soon  forced  to  re- 
cognize such  essential  differences,  alike  in  the  general  types  of  conforma- 
tion, and  in  the  form  and  structure  of  the  component  parts,  that  we  feel 
the  need  of  some  guiding  principle  according  to  which  we  may  arrange 
these  phenomena  for  comparison. — Now  fi;om  the  time  of  Aristotle,  down- 
wards to  the  commencement  of  the  present  century,  Anatomists  were  in 
the  habit  of  re^rding  similarity  in  external  form  and  in  evident  purpose, 
as  indicating  the  analogies  between  different  parts.  But  although  this 
mode  of  estimating  the  character  of  organs  is  perfectly  correct,  when  they 
are  considered  as  instrumental  structures — ^that  is,  when  we  are  inquiring 
into  the  conditions  of  the  function  performed  by  them — ^it  totally  fails, 
when  we  are  in  search  of  the  plan  of  organization,  according  to  which  their 
evolution  has  taken  place;  since  it  is  frequently  found  that  two  organs 
which  are  not  unlike  in  external  form,  and  which  have  corresponding  func- 
tions in  the  system,  originate  from  elements  entirely  different,  and  are 
therefore  fundamentally  dissimilar;  whilst,  on  the  other  hand,  organs  which 
at  first  sight  present  little  or  no  resemblance  to  each  other,  and  are  applied 

1  «  Connection  of  Natural  and  Divine  Tnith,*'  p.  83. 
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to  very  different  purposes  in  the  economy,  may  be  really  modifications  of 
thQ  same  fundamental  components. 

5.  If,  for  example,  we  take  a  cursory  glance  at  the  organs  of  support  or 
motion  in  the  air,  with  which  dififerent  Animals  are  furnished,  we  shall  ob- 
serve a  community  of  function,  and  a  general  similarity  of  external  form, 
concealing  a  total  diversity  of  internal  structure  and  of  essential  character. 
Amongst  all  the  classes  which  are  adapted  for  atmospheric  respiration,  we 
encounter  groups  of  greater  or  less  extent,  in  which  the  resistance  of  this 
element  becomes  the  principal  means  of  progression;  and  even  among 
aquatic  animals,  there  are  instances  in  which  the  function  of  locomotion  is 
partly  dependent  upon  the  same  agency.  Wherever  true  wings  exist  among 
the  Vertebrata,  some  modification  of  the  anterior  member  serves  as  their 
basis ;  but  there  is  considerable  variety  in  the  mode  in  which  the  apparatus 
is  constructed.  Thus,  in  the  Bat  (Fig.  2,  e),  the  required  ^area  for  the 
surface  of  the  wing  is  formed  by  an  extension  of  the  skin  over  a  system  of 
bones,  of  which  those  of  the  hand  form  by  far  the  largest  part;  and  this 
membrane  is  extended  also  from  the  posterior  extremity,  and  is  attached  to 
the  whole  length  of  the  trunk,  as  well  as  to  the  tail  where  one  exists.  In 
the  Bird  (Pig,  2,  b),  on  the  contrary,  the  wing  is  formed  by  the  skin  and 
its  appendages  attached  to  the  anterior  member  alone ;  and  here  the  bones 
of  the  hand  are  developed  in  a  comparatively  slight  degree,  those  of  the 
arm  and  fore-arm  being  the  principal  support  of  the  expansion.  From 
what  is  preserved  of  the  Pterodactylus^  it  seems  that  the  wing  of  this  ex- 
traordinary animal  was  extended,  not  over  the  whole  member  as  in  the 
Bird,  nor  over  the  hand  as  in  the  Bat,  but  over  one  of  the  fingers  only, 
which  was  immensely  elongated  in  proportion  to  the  rest  (Fig.  1).  In  the 
Flying-jUh,  again,  the  pectoral  fins  may  be  regarded  as,  in  some  sort,  its 
wings  (though  it  does  not  appear  that  the  animal  has  the  power  of  raising 
itse^  by  means  of  their  action  on  the  air,  the  impulse  being  given  at  the 
moment  of  quitting  the  water) ;  these  fins  evidently  represent  the  anterior 
members  of  higher  Yertebrata;  but  the  bones  of  the  arm  and  fore-arm  are 

Fig.  1. 


Pterodact}flu»  eraatirottrit. 


scarcely  developed,  while  the  hand  is  expanded,  and  joined  immediately,  as 
it  were,  to  the  trunk. — A  very  different  structure  prevails  among  those  im- 
perfect wings,  which  serve  rather  to  support  the  animals  which  possess 
them,  in  their  movements  through  the  air,  than  to  propel  Uiem  in  that  me- 
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dimn.  Thus,  in  the  ^ying  Squirrels,  Flying  Lemurt,  and  Phalangers  oi 
'' flying  opossums/'  there  is  an  extension  of  the  skin  between  the  fore  an^ 
hind  legs,  which,  by  acting  as  a  parachute,  enables  these  animals  to  descenc] 
with  safety  from  considerable  heights ;  in  the  Draco  volans,  on  the  othei 
hand,  the  wings  are  affixed  to  the  sides  of  the  back,  being  supported  bj 
prolongations  of  the  ribs,  and  are  quite  independent  of  the  extremities. 
Here,  we  have  still  the  same  function  and  general  form ;  but  it  would  evi- 
dently be  absurd  to  say  that  the  organs  are  of  the  same  structural  charac- 
ter.— A  still  greater  departure  from  the  type  with  which  we  are  familial 
among  the  higher  animals,  is  presented  by  the  wings  of  Insects;  for  thes< 
are  formed  by  an  extension  of  the  superficial  tegumentary  membrane  ovei 
a  framework  that  is  not  derived  from  an  internal  osseous  skeleton,  but  ii 
an  extension  of  the  denser  subjacent  layer  of  the  external  integument ;  anc 
this  framework  is  penetrated,  throughout  its  ramifications,  by  "trachesB* 
or  air-tubes,  communicating  with  those  of  the  interior  of  the  body,  and  alsc 
(at  least  in  the  early  state  of  these  organs)  by  vessels  or  passages  for  th< 
circulation  of  blood.  As  regards  their  essential  structure,  in  fact,  thes< 
wings  correspond  closely  with  the  external  respiratory  organs  with  whicl 
certain  aquatic  Larvss  (as  that  of  the  Ephemera)  are  provided ;  and  hence 
they  have  been  not  inappropriately  designated  by  Oken  as  ''aerial  gills." 
They  may,  in  fact,  be  regarded  as  an  excessively  developed  form  of  those 
external  appendages  of  the  lower  Articulata,  which  are  subservient  to  loco* 
motion  and  to  respiration  jointly ;  and  it  is  a  very  interesting  example  o: 
the  similarity  of  modification  which  very  different  plans  of  structure  maj 
undergo,  when  a  common  purpose  is  to  be  fulfilled,  that,  in  the  wing  of  the 
Bird,  as  well  as  in  that  of  the  Insect,  there  should  be  a  special  prolongatioi 
of  the  respiratory  passages  into  the  framework  which  supports  it. 

6.  Many  similar  examples  might  readily  be  adduced  from  the  Anima 
kingdom ;  but  the  Vegetable  world  affords  them  in  even  greater  abundance 
To  take  a  very  simple  case; — the  expanded  foliaceous  surface  througl 
which  the  Plant  obtains  from  the  atmosphere  the  principal  part  of  the  soUc 
materials  of  its  growth,  though  usually  afforded  by  the  leaves,  which  aw 
appendages  to  the  axis  developed  for  this  express  purpose,  is  sometimei 
provided,  as  in  the  Cactacece,  by  the  extension  of  the  surface  of  the  sten 
itself,  which  remains  soft  and  succulent ;  whilst  in  many  of  the  Acacias  o 
New  Holland,  as  in  the  sub-aquatic  leaves  of  the  Sagittaria  of  this  country 
it  is  given  by  the  laminal  compression  of  the  petiole  or  leaf-stalk.  So 
again,  the  tendril,  which  is  an  organ  developed  for  the  purpose  of  support 
ing  the  plant  by  twining  round  some  neighboring  prop,  is  in  the  Vine  \ 
transformation  of  the  peduncle  or  flower-stalk,  in  the  Pea  a  prolongatioi 
of  the  petiole  or  leaf-stalk,  in  the  Cucumber  a  transformation  of  the  stipule 
and  in  the  Gloriosa  the  point  of  the  leaf  itself;  whilst  in  the  singular  genui 
Strophanthus,  it  is  actually  the  point  of  the  petal  which  becomes  a  tendri 
and  twines  round  other  parts. 

7.  We  can  scarcely  select  any  example  of  diversity  of  external  conforma 
tion  and  of  function,  superinduced  upon  an  essential  unity  of  organization 
so  appropriate  as  that  which  is  afforded  by  the  comparison  of  those  differen 
modifications  of  the  limbs  or  members,  and  especially  of  the  anterior  pair 

1  The  attempts  of  a  generation  of  Entomologists  now  passing  away,  under  the  influ 
ence  of  the  erroneous  idea  already  referred  to  ({  4),  at  bringing  into  comparison,  a 
similar  organs,  the  wings  of  Insects,  and  the  anterior  members  of  the  flying  Vertebrata 
can  now  only  excite  a  smile  on  the  part  of  the  Philosophical  Anatomist.  8ach  attempts 
however,  hare  exercised  a  most  injurious  influence  on  the  progress  of  science,  by  dra^ 
ing  off  the  attention  of  Naturalists  from  the  true  method  of  philosophical  research. 
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by  which  the  several  species  of  Vertebrated  animals  are  adapted  to  the 
most  diversified  modes  of  life.  No  Comparative  Anatomist  has  the  slightest 
hesitation  in  admitting  that  the  pectoral  fin  of  a  Fish  (Fig.  2,  a),  the  wing 
of  a  Bird  (b),  the  paddle  of  a  Dolphin  (c),  the  fore-leg  of  a  Deer  (d),  the 
wing  of  a  Bat  (e),  and  the  arm  of  a  man  (f),  are  the  same  organs,  notwith- 
standing that  their  forms  are  so  varied,  and  the  nses  to  which  they  are 


Fig.  2. 


Bififerent  forms  o{  Anterior  Member: — a,  Fish;  b,  Bird;  c,  Dolphin;  D,  Deer;  E,  Bat;  f,  Man. 


applied  so  unlike  each  other.  For  all  these  organs  not  only  occupy  the 
same  position  in  the  fabric,  but  are  developed  after  the  same  manner ;  and 
when  their  osseous  framework  is  examined,  it  is  found  to  be  composed  of 
parts  which  are  strictly  comparable  one  with  another,  although  varying  in 
number  and  in  relative  proportion.  Thus,  commencing  from  the  shoulder- 
joint,  we  can  almost  everywhere  recognize  without  difficulty  the  humerus, 
it  being  only  in  fishes  that  this  is  so  little  developed  as  not  to  intervene 
between  the  scapula  and  the  bones  of  the  fore-arm ;  next  we  have  the  radium 
and  ulna^  whose  presence  is  always  distinguishable,  although  one  of  them 
may  be  in  only  a  rudimentary  condition;  then,  beneath  the  wrist-joint 
(through  which  a  dotted  line  is  drawn  in  the  figure),  we  find  the  bones  of 
the  carpus,  which  are  normally  ten  in  number,  forming  two  rows,  but  which 
may  be  reduced  by  non-development  to  any  smaller  number — ^three,  two, 
or  even  one ;  next,  we  find  the  metacarpal  bones,  which  are  normally  five, 
but  are  sometimes  reduced  among  the  higher  vertebrata  to  four,  three, 
two,  or  one,  whilst  in  Fishes  they  may  be  multiplied  to  the  number  of 
twenty  or  more ;  and  lastly  we  have  the  digital  bones,  of  which  there  are 
normally  five  sets,  each  consisting  of  three  or  more  phalanges,  but  which 
are  subject  to  the  same  reduction  or  multiplication  as  the  metacarpal. — It 
is  entirely  from  the  differences  of  conformation  which  these  osseous  ele- 
ments gradually  come  to  present  in  the  course  of  their  development,  that 
those  special  adaptations  arise,  which  fit  their  combination  in  each  case  for 
the  wants  of  the  particular  species  that  possesses  it;  enabling  them  to  be 
used  as  an  instrument  for  terrestrial,  aquatic,  or  aerial  progression,  for 
swimming  and  diving,  for  walking  and  running,  for  climbing  and  fl* 
for  burrowing  and  tearing,  or  for  that  combination  of  refined  and  ^ 
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manipalations  which  renders  the  hand  of  Man  capable  of  serring  as  the  in- 
stroment  wherewith  to  execute  the  conceptions  of  his  fertile  intellect. 

8.  We  may  have  recourse  to  the  Respiratory  system,  for  another  in- 
stance, which  will  bring  the  contrast  between  functional  similarity,  or 
analogy y  and  organic  correspondence,  or  homology,'^  into  clear  yiew. — ^An 
nninstmcted  observer  would  scarcely  perceive  any  resemblance  between  the 
gills  of  a  Fish  (Pig.  146),  and  the  lungs  of  a  Quadruped  (Fig.  154),  or 
between  the  elegant  tufts  on  the  head  of  a  Sabella  (Fig.  144),  and  the  air- 
tubes  ramifying  through  the  body  of  an  Insect  (Fig.  149) ;  and  those  who 
are  in  the  habit  of  fprming  exclusive  notions  upon  a  hasty  survey,  might 
be  led  to  deny  that  any  real  analogy  could  exist.  When  the  character  of 
the  function  is  investigated,  however,  with  the  structure  which  it  requires 
for  its  performance,  it  becomes  evident  that,  in  order  to  bring  the  circulat- 
ing fluid  into  the  due  relation  with  the  atmosphere,  all  that  is  needed  is  a 
permeable  membrane,  which  shall  be  in  contact  with  the  air  on  one  side, 
and  with  the  fluid  on  the  other.  And  this  key,  applied  to  the  examination 
of  the  several  forms  of  respiratory  apparatus  which  exist  in  the  Animal 
kingdom,  shows  that  they  all  possess  the  same  essential  nature  as  instru- 
mental structures,  and  that  their  modifications  in  particular  instances  (which 
will  hereafter  be  specially  described)  are  only  to  adapt  them  to  the  plan 
and  conditions  of  the  organism  at  large.  There  is  therefore, /Mn<ttona% 
considered,  a  relationship  of  analogy  amongst  all  these  organs ;  although 
they  are  not  really  the  homologues  of  one  another.  Thus,  the  gills  of  the 
Fish,  and  the  branchial  tufts  of  the  Sabella,  are  external  prolongations  of 
the  tegumentary  surface,  whilst  the  tracheae  of  the  Insect,  and  the  lungs  of 
air-breathing  Vertebrata,  are  internal  reflexions  of  that  surface ;  and  further, 
the  two  former  set  of  organs,  as  the  two  latter,  differ  from  each  other  in 
regard  to  the  part  of  the  surface  from  which  the  prolongation  or  inversion 
takes  place.  In  the  Perennibranchiate  Bairachia,  moreover,  both  lungs 
and  gUls  are  present ;  and  their  essential  difference  of  character  is  most 
apparent,  whilst  their  correspondence  as  instruments  of  the  same  functional 
operations  is  equally  evident.  Further,  in  the  air-bladder  of  the  Fish,  we 
have  an  apparently  anomalous  organ,  the  only  known  use  of  which  is  to 
assist  in  locomotion ;  yet  when  a  comparison  is  made  between  its  most  de- 
veloped forms  and  the  simplest  pulmonary  sacs  of  Amphibia,  no  doubt  can 
remain  that  it  is  to  be  regarded  as  a  rudimentary  lung ;  and  the  study  of 
its  development  leads  to  the  same  conclusion.  (See  Chap.  VI.) 

9.  It  would*  be  easy  to  adduce  numerous  parallel  examples  from  the 
Vegetable  kingdom ;  wherein  organs  which  correspond  in  structure,  con- 
nections, and  development,  and  which  are  therefore  homologous,  are  ob- 
served to  assume  the  most  varied  forms,  and  to  perform  the  most  different 
functions.  It  will  be  suflBcient,  however,  to  advert  to  the  well-known  fact, 
that  the  underground  "creeping  roots"  (as  they  are  commonly  accounted) 

^  In  earlier  eoUtions  of  this  work,  the  terms  functional  and  timetural  analogy  were 
used  to  express  the  mutual  relation  of  parts,  on  the  one  hand  as  instrumental  iiructurea, 
on  the  other  as  fundamentally  or  organically  corretpondent.  It  will  be  found  conyenient 
to  limit  (as  Prof.  Owen  has  done)  the  use  of  the  term  Analogy  to  functional  resemblance, 
and  to  employ  Homology  as  indicative  of  structural  correspondence.  Thus  by  Analogue 
¥(e  now  understand  "a  part  or  organ  in  one  animal,  which  has  the  same  function  as 
another  partner  organ  in  a  different  animal;"  whilst  by  Homologue  is  implied  *Hhe 
same  organ  in  different  animals  under  every  yariety  of  form  and  ftmctlon.'*  (Prof. 
Owen's  "Hunterian  Lectures,"  Vol.  I.  Glossary.)  Thus,  for  example,  the  wing  of  an 
Insect  is  the  analogue  of  that  of  a  Bat  or  Bird,  but  not  the  homologue ;  whilst  the  latter 
is  homologous  with  the  arm  of  Man,  the  fore-leg  of  a  Quadruped,  and  the  pectoral  fin 
of  a  Fish. 
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of  the  Couch-graaa,  the  subterranean  **ttiber^^  of  the  Potato,  the  ''rhizoma" 
or  '*  root-stalk''  of  the  Iris,  the  solid  ''eoimus^'  of  the  Colehieum,  the 
"bulb'*  of  the  Hyacinth,  and  the  *' runner"  of  the  Strawberry,  are  not  less 
truly  stentM,  tlian  are  the  loftj  trunks  of  the  Palm  or  Elm,  notwithstandiBgr 
the  variety  in  their  form,  texture,  and  mode  of  growth;  for  they  all  eousti- 
tnte  the  a^cendrng  aj'es  of  the  Plants  of  which  they  respectively  form  part, 
and  have  the  power  of  developing'  the  foliaeeous  appendages  which  become 
leaves  or  flowers,  whilst  the  radical  fibres,  which  constitute  the  esgential 
part  of  the  roots,  grow  downwards  from  their  base, 

10,  In  all  these  eases,  we  might  with  perfect  propriety  found  any  inqui- 
ries regarding  the  functioned  p&wer  of  the  organs  respectively  compared, 
upon  their  capacity  as  instruments  Bdapted  for  a  particular  purpose.  For 
example,  we  might  estimate  the  respective  force  with  which  Birds,  Bats, 
aad  Insects,  could  be  propelled  through  the  air,  by  ascertaining  the  super- 
ficial area  of  their  wings,  and  the  energy  and  rapidity  with  which  these  are 
moved ;  or  we  niigbt  judge  of  the  respiratory  power  of  an  Animal  or  Plant, 
by  the  extent  of  surface  through  which  the  nutritive  fluid  comes  into  rela* 
tion  with  the  atmosphere,  by  whatever  portion  of  the  fabric  that  surface 
might  be  afl'orded.  But  the'  Philosophical  Anatomist,  who  seeks  to  deter- 
mine the  organic  reiatiou  of  these  parts,  must  first  consider  their  internal 
conformatiou,  and  examine  into  the  structural  ekments  of  which  they  are 
composed.  In  the  cases  just  alluded  to,  he  would  find  not  merely  the  osseous 
elements,  but  the  muscles,  nen-es,  bloodvessels,  (fee,,  presenting  essentially 
the  same  disposition  in  the  arm  of  Man,  the  fore-leg  of  the  Quadruped,  or 
the  wing  of  the  Bat  or  Bird.  But  on  passing  to  the  Insect,  lie  would  en- 
counter, as  we  have  seen,  an  entire  change  in  the  plan  of  structure;  the 
same  puqiose  being  fulfilled  by  instrumental  means  of  a  very  diiferent  order, 
correspondlug,  in  fact,  to  those  which  in  the  Articniata  generally  are  made 
subservient  to  the  respiratory  process, — The  next  step  in  the  deterniination 
of  homologies,  is  to  trace  the  counectiom  of  the  organs  compared,  which 
frequently  enables  the  real  nature  of  parts  to  be  recognized,  which  would 
be  otherwise  obscure.  For  it  is  a  principle  of  very  extensive  application, 
that  similar  parts  are  connected  with  similar  parts,  ia  different  animals  of 
the  same  type.  Thusj  we  never  find  a  liand  or  foot  springing  directly  from 
the  spinal  column  of  a  Vertebrate  animal;  the  connectiou  being  always 
established  by  other  bones,  which,  whatever  may  be  tlie  variety  in  their  size 
and  shape,  are  never  wholly  wujdlng.  Hence,  where  we  find,  as  in  the 
Fish,  the  hand  excessively  developed,  and  no  exterual  trace  of  an  arm  or 
fore-arm,  we  expect  to  find  it  supported  internally  by  a  radius  and  ulna, 
and  these  again  to  be  connected  with  the  scapular  arch  by  the  intemicdiation 
of  a  humerus.  Now  the  bones  of  the  fore-arm  are  generally  distinctly 
developed,  whilst  the  humerus  very  commonly  coalesces  with  the  eoracoid, 
so  that  its  presence  migjht  be  easily  overiooked ;  yet  even  this  is  found  in 
certain  species  to  be  present  as  a  separate  bone,' — ^Great  assistance,  again, 
in  the  determination  of  the  homologies  of  organs,  is  affonled  by  the  exami- 
nation of  tramiiioHai  or  tnttfrfftediate  forms.  Thus,  it  has  been  by  the 
regular  progression  exliibited  in  the  structure  of  the  pulmonic  apparatus, 
from  the  simple,  closed,  undivided  air*sae  of  most  Fishes,  through  the  higher 
forms  which  this  organ  presents  even  in  that  class,  and  through  the  various 

* 

*  See  Prof,  Owen*a  "Lectures  on  Cuuipurntvve  Anatomy,*'  YoU  II.  p.  120.  The  two 
honea  flupporting  the  Fin  in  Fig.  2,  a,  are  considered  bj  Prof,  Owen  to  be  elongate<t 
eorpnls,  not  (as  usually  sapposcd)  rndiuH  and  ulnn-  If  thta  be  the  cape,  the  member 
slionl^l  have  been  so  placed  In  tb©  ftgc^re,  that  the  dotted  lirie  wbich  murka  tbc  plilO«  of 
the  wriat-joint  shoiild  have  passed  oAot-e  ioateod  of  btlow  them. 
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plms^-s  which  it  exhibite  in  the  Perennibranchiate  Batrachia.  that  the  ho- 
molojry  of  the  Bwimming-bladder  of  the  Fish  with  the  lung  of  the  air-breath- 
ititr  Vtrtebrata  has  been  established.  In  like  manner,  it  has  been  by 
tni/:ijj;r-oat  the  intermediate  forms  of  the  bones  of  the  extremities  (Fip.  3, 
h,  h),  tliat  Prof.  Owen  has  succeeded  in  proving  the  complex  limbs  of  the 

Fig.  8. 


hlitffrntn  lllattrntluff  the  Nature  of  Ltmh§: — a,  postorior  ricw  of  tho  occipital  Tcrtebm  of 
L*-]tidifirfn  anntvUM ; — B,  p'iftcrior  view  of  the  occipital  rertebra  of  Ampkiuma  didaetylumg 
— <:,  |Hi«t<;rior  vitw  of  tbo  pelvic  vertobni  of  Lfpidawiren  • — d,  postorior  view  of  the  pel?ic  vor- 
tt\m  of  J'rolirtu  anyuinu*.  In  tho  several  diagrams,  tho  following;  references  indicate  corre- 
«|>ondinj(  partM;  r,  centrum;  n,  neumi>ophjse8;  »,  nenral  spine;  pi,  51,  pleurapopbysis  of  the 
occlpiul  vertebra,  or  scapula ;  A,  62,  bsemapophysis  of  the  occipital  vertebra,  or  coracoid  bone; 
a,  bli-tij,  diverginf;  api»endages  of  tho  occipital  vertebra,  or  anterior  limbs;  pi,  62,  picurnpo* 

{iky*ls  of  the  i^elvic  vertebra,  or  iliac  bone;  A,  63,  haemapophysis  of  the  pelvic  vertebra,  or 
sebiae  bone:  f,  Gi-^it,  diverging  appendages  of  the  pelvic  vertebra,  or  posterior  limbs. 

higher  V«rtel)rata,  to  ])e  homologous  witli  the  simple  rod-like  members 
(a,  c)  of  tho  /jepidotiren  (Fig.  160);  whilst  these  last  serre  as  the  con- 
necting-link, whereby  the  homology  of  tlie  scapular  and  pelvic  arches  with 
the  hninal  or  viHceral  arches  of  other  vertebral  segments  is  indicated ;  the 
Ijones  of  the  limbs,  being  at  the  same  time  shown  to  be  homologous  with 
their  •*  diverging  appendages"  (of  which  we  have  examples  in  the  bnck- 
wnnl  pn»jectlon8  that  spring  from  the  ril)s  of  Birds),  and  the  scapular  arch 
with  its  anterior  mombers  being  thus  found  to  be  the  completion  of  the 
ompital  HOgment,  whose  centnim  and  neural  arch  enter  into  the  comi)osi. 
lion  of  the  cranium.     80,  again,  the  identity  of  composition  between  the 
jawn  KDd  the  true  legs  of  the  Crustacea,  is  shown  by  the  transitional  grada- 
tioMi  prewnied  by  the  feet-jaws.     And  turning  to  the  Vegetable  kingdom, 
w«  find  \he  mutual  relations  of  the  jiarts  of  the  flower,  and  their  homology 
^nihtkelmTM  to  bo  indicated  iii  those  cases  in  which  there  is  a  grada- 
^Mwai  pmiR  ftsm  tho  leaf  to  the  bract,  from  the  bract  to  the  sepal,  from 
^  "^  \o"^  prtal.  ftom  tho  petal  to  the  stamen,  and  from  the  foliaceous 
^V»^  v-.ui^  qkik\  ^i'sOV— But  it  is  most  certain  that,  of  all  the  means  of 
^»>«^^«iui£itot*fsinimniKlationB  of  organs,  the  study  of  their  development 
"^  *-*^^  UMMCVHT.-.  nm  tb»,  if  carefully  i)ursued,  will  probably  never  fail 
V':«ic  «^»*««Ms«;  u^o  BAT  bo  left  by  other  modes  of  investigation. 
'   K.'kt ne  solution  has  been  at  last  attained,  of  many 
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of  the  most  difficult  and  most  controrerted  questions  in  the  science } — ques- 
tions which  have  reference^  not  merely  to  the  nature  of  particnhir  orjrflns, 
but  to  the  relations  subsisting  between  different  groups  of  living  beings. 
And  it  i«  in  this  path,  therefore,  tliat  the  Philosophic  Katumlifit  can  press? 
forward  with  the  most  assured  progpect  of  success,  in  the  search  for  that 
general  plan  of  OrganiMtion,  which  it  is  his  highest  object  to  discover. 

11,  Thus  we  are  led  hj  the  study  of  Morphdogij  (that  is,  by  the  recog- 
nition of  ''homologotiB"  orirans,  under  whatever  forms  they  may  present), 
to  the  perception  of  that  great  general  truth,  which  is,  perhaps,  the  highest 
yet  attained  in  the  science  of  Organization,  and  which  is  even  yet  far  from 
being  fully  developed ;  that  in  the  several  tribes  of  organisted  beings,  we 
have  not  a  mere  aggregation  of  individuals,  each  formed  upon  an  inde- 
pendent models  and  presenting  a  type  of  structure  peculiar  to  itself ;  but 
that  wo  may  trace  throughout  each  assemblage  a  corffarfmt^  to  a  generul 
pian^  which  may  be  expressed  in  an  *' archetype"  or  ideal  model,*  and  of 
which  every  modification  has  reference  either  to  the  peculiar  conditions 
under  which  the  race  is  destined  to  exist,  or  to  its  relations  to  other  beings. 
Of  these  special  modifications,  again,  the  most  important  themselves  pre- 
sent a  conformity  to  a  plan  of  less  generality;  those  next  in  order  to  a 
plan  of  still  more  limited  extent;  and  so  on,  until  we  reach  those  which 
are  ijeeuliar  to  the  individual  its^elf.  This,  in  fact,  is  the  philosophic  ex- 
pression of  the  whole  science  of  Classification.  For,  to  tfl,ke  the  Ycrtclirate 
series  as  our  illustration,  we  find  that  Fishes,  Reptiles,  Birds,  and  Mammals 
agree  in  certain  leading  features  of  their  structure,  which  constitute  them 
vertebrated  animals ;  but  this  structure  is  displayed  under  diversified  aspects 
in  these  chsseM  respectively,  which  constitute  their  distinctive  attrii)utes. 
Thus,  of  the  general  vertebrated  type,  the  Fish  jiresents  one  set  of  ^peeiai 
modifications,  adapted  to  its  peculiar  mode  of  life ;  the  Reptile,  another ; 
the  Bird,  a  third ;  the  Mammal,  a  fimrth.  So  again,  in  each  of  these 
elaases,  we  find  its  general  type  presenting  subordinate  modifications  in  the 
respective  orders;  thus,  for  example,  the  Reptihan  type  exhibits  itself 
under  the  diverse  aspects  of  the  Frog,  the  Snake,  the  Lizard,  and  the 
Turtle ;  the  Mammalian  under  those  of  the  Whale  and  the  Bat,  the  Sloth 
and  the  Beer,  the  Elephant  and  the  Tiger,  the  Kangaroo  and  the  Monkey, 
the  Ornithorhyncus  and  Man.  Each  order,  again,  is  subdivided  into/«wt- 
He^,  m  accordance  with  the  subordinate  or  more  special  modifications  which 
the  type  of  the  order  presents;  every  one  of  these  families  displaying  the 
type  of  the  class  and  order,  with  distinctive  variations  of  its  own.  Each 
family  consists  ofgeftera,  in  every  one  of  which  the  family  type  is  presented 
QEder  a  somewhat  diversified  aspect.  Each  genus  is  made  up  of  an  aggre- 
gation of  species,  w^hich  exhibit  the  generic  character  under  a  variety  of 
niodifications;  these,  however  slight,  being  uniformly  repeated  through 
successive  generations.  Lastly,  each  species  is  composed  of  an  assem- 
blage of  indimduah^  every  one  of  which  repeats  the  type  of  its  kingdom, 
suhkingdom,  class,  order,  family,  genus,  and  species,  through  its  whole  line 
of  deseeht. 

12.  Thus,  in  assigning  to  any  particukr  being  its  place  in  the  Organised 
Creation,  we  have  to  proceed /rom  the  general  to  (he  ^etial — We  will  sup- 
pose an  unknown  body  to  be  brought  for  our  determination;  the  first  busi- 
ness is  to  ascertain  whether  it  be  an  Organized  fabric,  or  a  mass  of  Inor- 

1  For  n.n  lidmlmble  expoBttion  of  ikh  doctrine,  as  it  ranpecta  ihc  oiueouft  system  of 
Vert&brnted  Aniraals,  see  Prof.  Oireu's  trcatiBe  on  **•  The  AiNrfaGiype  lUid  Homologies  of 
tlie  VerUbrate  Skeleton*" 
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ganic  matter.  This  is  soon  discriminated,  in  the  majority  of  cases,  by  an 
appeal  to  those  most  general  characters  which  distinguish  all  orgamzed 
stnictures  from  inorganic  masses ;  and  the  next  question  is  to  determine  its 
Animal  or  Vegetable  nature,  by  the  aid  of  those  characters  which  are  not 
common  to  both,  but  are  distinctive  of  each  respectively.  We  will  suppose 
the  Animal  nature  of  our  unknown  body  to  have  been  ascertained ;  the 
question  next  arises,  to  which  of  the  four  sub-kingdoms  it  shall  be  referred ; 
and  this,  again,  has  to  be  ascertained  by  an  appeal  to  characters  which  are 
less  general  than  the  preceding,  not  being  common  to  all  organized  stnic- 
tures, nor  yet  to  all  animals,  but  beiilg  restricted  to  each  of  the  four  sab- 
kingdoms  respectively.  Then,  having  ascertained  that  it  is  a  Yertebrated, 
Molluscous,  Articulated,  or  Radiated  animal,  as  the  case  might  be,  the 
Naturalist  would  determine  its  order  by  characters  of  still  less  generality, 
which  are  peculiar  to  that  order;  its  family,  by  features  which  are  stUl 
more  limited ;  its  genus,  by  those  modifications  of  family  character  which 
are  presented  by  the  several  genera  it  includes ;  and  lastly,  its  species,  by 
characters  which  are  the  most  special  of  all,  that  is,  which  are  limited  to 
that  race  alone. 

13.  Now  if  our  classification  were  perfect,  it  would  be  comparatively 
easy  to  determine  the  "archetype"  or  ideal  model  of  each  group;  because 
we  should  have  all  the  forms  before  us,  by  the  comparison  of  which  Uie 
Philosophical  Zoologist  seeks  to  educe  what  is  common  to  the  whole.  But 
in  practice  it  has  often  been  found  extremely  difficult  to  determine  what 
shall  be  considered  as  characters  of  classes,  what  of  orders,  and  so  on ;  since 
their  respective  values  are  very  commonly  mistaken  by  those  who  are  im- 
perfectly acquainted  with  the  true  principles  of  classification,  and  sometimes 
even  by  the  instructed  Naturalist.  Thus  in  popular  ideas,  a  Bat  ranks  as 
a  Bird,  because  it  flies  by  wings  through  the  air ;  w^hilst  the  Whale  ranks 
as  a  fish,  on  account  of  its  fish-like  form,  habitation,  and  mode  of  progres- 
sion. But  the  scientific  Zoologist  has  no  hesitation  in  placing  the  Bat 
amongst  the  Mammalia,  because  it  presents  all  the  characters  which  are 
essential  to  that  class,  and  which  distinguish  it  from  that  of  Birds ;  namely, 
its  viviparous  and  placental  generation,  its  subsequent  nurture  of  its  young 
by  lactation,  its  covering  of  hair,  the  dental  armature  of  its  mouth,  its  dia- 
phragmatic respiration,  its  highly-developed  cerebrum,  and  many  other 
peculiarities  of  conformation ;  whilst  its  apparent  resemblance  to  the  class 
of  Birds  merely  results  from  the  adaptation  of  the  Mammalian  type  to  an 
aerial  life.  So,  again,  notwithstanding  its  fish-like  habits,  and  the  pecu- 
liarities of  structure  which  adapt  it  to  these,  the  Whale  is  a  Mammal  in  all 
which  is  essentially  characteristic  of  the  class,  and  which  distinguishes  it  from 
that  of  fishes ;  namely,  its  atmospheric  respiration,. its  complete  double  cir- 
culation, its  warm  blood,  its  viviparous  generation  and  subsequent  lactation, 
its  well-developed  cerebrum,  its  osteological  and  many  other  peculiarities. — 
Here,  then,  the  determination  is  easy  to  those  who  possess  but  a  smattering 
of  Zoological  knowledge.  But  we  will  take  another  case,  in  which  a  fun- 
damental error  was  committed  even  by  a  great  Master  in  modem  science, 
owing  to  his  misapprehension  of  the  value  of  characters.  Following  too 
closely  the  indications  aflforded  by  the  teeth  (which  are  valuable  in  so  far 
only  as  they  serve  as  a  key  to  the  general  plan  of  conformation),  Cuvier 
placed  the  Marsupial  Mammalia  in  the  first  instance  as  a  subdivision  of 
his  order  Camaria;  and  even  when  he  subsequently  raised  them  to  the 
rank  of  a  distinct  order,  he  gave  them  a  position  intermediate  between  the 
Camaria  and  the  Rodentia.  Likewise,  on  account  of  the  absence  of  teeth, 
he  associated  the  Monotremata  with  the  Sloths  and  Ant-eaters,  in  his  order 
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Edentata ;  satisfying  himself  with  indicating  that  they  presented  a  certain 
de^^ree  of  affinity  to  the  Marsupiata.     Now  the  mutual  resemblance  of  these.^ 
two  orders  is  extremely  close ;  and  their  un  liken  ess  to  all  other  Mammal  ia^-j 
in  the  structure  of  their  cerebrum,  and  in  the  mode  in  which  the  irenital  j 
function  is  performed  (two  characters  of  fuiidamental  importance) »  is  suck^ 
as  unquestionably  to  require  tlieir  detachment  as  a  distinct  sub-class.— So,4 
again  J  it  is  now  coming  to  fie .  perceived,  that  the  adaptation  of  the  Mam- 
malian structure  to  a  fish-like  habit  of  life,  is  not  of  itself  sufficient  to  as- 
semble all  the  animals  which  present  it  into  a  distinct  order;  for  whilst  the 
greater  part  of  those  which  agree  in  possessing  the  Cetacean  form,  agree 
also  in  structure  and  carni porous  habit,  there  are  certain  genera  (the  Dugong^ 
Manaiee,  and  SteUenne),  which  have  been  until  recently  ranked  with  them, 
but  which  are  found  rather  to  correspond  in  the  more  essential  peculiaritioa 
cjf  their  organization  with  the  great  series  of  herb tvorom  Mammals,  and  to 
be  connected  with  that  series  by  forms  now  extinct, 

U.  Many  other  examples  might  Ire  cited,  illustrati?e  of  tlus  difficulty, 
which  is  one  that  especially  presents  itself  among  the  lower  classes  of  ani- 
mals, with  whose  stnicture  and  physiology  the  acquaintance  of  the  Naturalist 
is  as  yet  ?ery  imperfect.     It  is  one,  howeyer,  which  is  continually  lessening 
with  the  progress  Of  research  ;  and  whilst,  therefore,  we  should  atoid  plac- 
ing' too  much  confidence  in  existing  systems  of  classification,  and  in  existingi 
ideas  of  what  really  constitute  natural  groups,  wo  may  look  forward  witS)  j 
hope,  if  not  with  absolute  confidence,  to  the  gradual  accumulation  of  those  j 
materialii,  which  shall  enable  the  Philosophic  JS'aturalist  to  do  that  for  cacb  j 
group,  which  has  been  already  effi?cted,  in  great  measure,  for  the  Yerte- 
bratcd  series*     In  the  determination  of  the  relative  importance  of  charae- 

Fig.  4.  Fig.  5, 
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Analt/a  lixviBf — A,  group  of  iiBliniil«  of  dtfTererit  nget,  m  aUached  in  tho  llv'mg  etnte;— B, 
fntemr  itrunturc,  eijlnrged,  as  showit  by  Ibo  retnaVAl  of  the  valvu*  of  ono  ilde;  a,  pedande| 
kt  iDJintle;  c,  eepbalic  portLoQ  of  tbf)  bodji  </,  tsoatb;  e,  arttcuUted  members^  /,  flftbeUiform 
appendages  (or  bmacbiasj;  tf,  abdominiil  app«iidftga. 
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ters,  it  is  certain  that  great  assistance  may  be  expected  from  the  stadj  of 
deyelopment;  althoagh  we  maj  not  perhaps  go  the  fall  length  with  those 
who'  maintain,  that  it  should  constitute  the  sole  basis  of  all  classification 
(§  76). — It  would  be  scarcely  possible  to  adduce  a  more  apposite  illustra- 
tion of  the  essential  importance  of  this  knowledge,  to  the  determination  of 
the  true  position  and  relations  of  a  group  of  Animals  distinguished  by  cha- 
racters that  seem  to  isolate  it  from  all  others^  than  is  afforded  by  the  case 
of  the  CirrhipedSf  or  Barnacle  tribe  (Fig.  4).  By  the  earlier  Naturalists, 
this  group  was  unhesitatingly  referred  to  the  Molluscous  sub-king)iom ; 
being  allied  to  the  classes  of  which  that  division  is  composed,  in  the  soft- 
ness of  its  body  and  appendages — ^in  the  inclusion  of  these  within  a  hard 
casing,  that  is  not  fitted  upon  them,  like  the  ''test"  of  a  Crab  or  Lobster, 
but  loosely  envelops  the  whole,  like  the  "shell"  of  a  Mussel  or  Limpet — 
and  in  the  fixity  of  the  animal  to  one  spot  during  (apparently)  the  whole 
of  its  existence,  the  Barnacle  being  anchored  by  a  long  flexible  tubular 
peduncle,  as  a  Pinna  is  anchored  by  its  byssus,  whilst  the  Balanut  is  at- 
tached, like  the  oyster,  by  the  adhesion  of  the  shell  itself  to  some  solid  basis 
of  support.  Even  Cuvier  left  them  in  this  position ;  although  he  had  been 
led  by  the  study  of  the  anatomy  of  the  animal  inhabitants  of  the  shells,  to 
recognize  their  strong  affinities  to  the  Articulated  series. '  For  he  perceived 
that  their  bodies  are  quite  symmetrical,  and  present  indications  of  division 
into  a  longitudinal  succession  of  segments,  each  of  them  furnished  (Fig.  5) 
with  a  pair  of  articulated  appendages ;  their  mouth  he  observed  to  be  fur- 
nished with  lateral  jaws ;  he  found  their  heart  to  lie  in  the  dorsal  region ; 
whilst  along  their  ventral  region  he  detected  the  double  ganglionic  nervous 
chain,  so  characteristic  of  Articulated  animals.  Those  Naturalists  who 
considered  this  last  assemblage  of  characters  to  possess  a  higher  value  than 
the  preceding — as  being  more  indicative  of  the  essential  nature  of  these 
animals,  whilst  their  relations  to  the  Molluscous  series  are  rather  such  as 
adapt  them  to  a  particular  mode  of  life — ^transferred  the  Cirrhipids  to  the 
Articulated  series ;  and  the  propriety  of  this  transference  was  made  mani- 
fest by  the  discovery  (first  announced  by  Mr.  J.  V.  Thompson  in  1830*), 
that  the  Cirrhipeds  in  their  early  state  are  free-moving  animals,  conforma- 
ble in  all  essential  particulars  to  the  Crustacean  type ;  and  that  they  only 
attain  their  adult  form  and  character  after  a  series  of  metamorphoses,  which 
progressively  remove  them  to  a  greater  and  greater  distance  from  it,  and 
which,  while  they  constantly  tend  to  evolve  the  peculiar  conformation  that 
distinguishes  the  Cirrhiped  group,  adapt  the  animal,  in  each  of  its  stages, 
to  maintain  its  own  existence.  The  researches  of  Mr.  Thompson,  with  the 
extensions  which  they  have  subsequently  received  from  others,  show  that 
there  is  no  essential  diff'erence  between  the  early  forms  of  the  sessile  and,  of 
the  pedunculated  Cirrhipeds ;  but  that  both  are  active  little  animals  (Fig. 
5,  a),  possessing  three  pairs  of  legs  and  a  pair  of  compound  eyes,  and  hav- 
ing the  body  covered  with  an  expanded  shield,  like  that  of  many  Entomo- 
stracous  Crustaceans,  so  as  in  no  essential  particular  to  differ  from  the  larva 
of  Cyclops  (Fig.  60).  After  going  through  a  series  of  metamorphoses,  one 
stage  of  which  ia  represented  in  Fig.  6,  b,  these  larvae  come  to  present  a 
form  D,  which  reminds  us  of  that  of  Daphnia^  another  Entomostracous 
Crustacean ;  the  body  being  inclosed  in  a  shell,  composed  of  two  valves, 
which  are  united  along  the  back,  whilst  they  are  free  along  their  lower 
margin,  where  they  separate  for  the  protrusion  of  a  large  and  strong  ante- 
rior pair  of  prehensile  limbs  provided  with  an  adhesive  sucker  and  hooks, 

>  « Zoological  BMearchoB,"  No.  III. 
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and  of  six  pairs  of  posterior  legs  adapted  for  swimming.     This  bivalye 
shell,  with  the  prehensile  and  natatory  legs,  is  subsequentlj  thrown  off;  the 


Fig.  6. 


Derelopmeiit  of  Balanu9  halanoidet ,'^Ji,  earliest  form;— B,  hurra  after  second  monlt;— 
c,  aide  view  of  the  same; — D,  stage  immediately  preoeding  the  loss  of  aotivity;  a,  stomach  (?); 
b,  nucleas  of  fature  attachment  (?). 

animal  then  attaches  itself  to  its  head,  a  portion  of  which  becomes  exces- 
sivelj  elongated  into  the  peduncle  of  the  Barnacle  (Fig.  *l),  whilst  in  the 

Fig.  7. 


Comparison  of  Leue^ftr,  a  Stomqtod  Crastaeean,  with  Lepaa; — ^in  the  former,  A,  the  abdo- 
men, which  becomes  mdimentary  in  Cirrhipeds,  is  represented  in  outline;— in  the  latter,  b, 
the  antennn  and  eyes,  which  really  exist  in  the  larra,  are  represented  as  if  they  had  been  re- 
tidned,  and  had  oontinaed  to  grow;  m  marks  the  position  of  the  month  in  both. 

Balanos  it  expands  into  a  broad  base  or  disk  of  adhesion ;  the  first  thoracic 
segment  sends  backwards  a  prolongation  which  arches  over  ^e  rest  of  the 
body  so  as  completely  to  inclose  it  (no  nncommon  occurrence  among  the 
Crustacea),  and  the  exterior  layer  of  this  is  consolidated  into  l^e  ''multi- 
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YaWe''  shell ;  whilst  from  the  other  thoracic  segments  are  eTolved  the  aix 
pairs  of  cirrhi  which  are  characteristic  of  these  animals  in  their  adult  state. — 
Hence,  whether  we  consider  the  pecoliarities  of  the  group,  in  the  fallj- 
developed  condition,  as  sufficient  to  entitle  it  to  take  rank  as  a  distinct 
class,  or  whether  we  regard  it  as  constituting  merely  a  section  of  the  great 
Crustacean  class,  there  can  be  no  longer  any  question  that  the  Cirrhipeds 
bear  any  extremely  close  affinity  to  the  latter,  and  that  they  must  be  placed 
near  its  borders  (whether  within  or  beyond  them),  as  an  aberrant  form  of 
the  higher  Articulate  type,  adapted  to  a  life  essentially  Molluscous.^ 

15.  Much  of  the  controversy  which  has  taken  place  among  Physiologists, 
in  regard  to  the  general  doctrines  which  may  be  deduced  from  the  com-  • 
parison  of  different  plans  of  organization,  has  been  due  to  a  neglect  of  this 
difference  between/unc^'ona/and  gtrudural  correspondence,  that  is,  between 
analogy  and  homology;  whereby  phenomena  which  are  essentially  dissimi- 
lar, have  been  brought  under  the  same  category.  But  by  some  who  have 
clearly  recognized  organic  identity  as  the  basis  of  their  reasoning,  it  has 
been  attempted  to  show  that  the  law  of  Unity  of  Composition  has  an  un- 
limited application ;  it  having  been  maintained  that  the  same  elementary 
parts  exist  alike  throughout  the  Vegetable  and  Animal  Kingdoms,  and 
that  the  difference  between  the  several  classes  of  each  lies  solely  in  the  re- 
spective development  of  these  parts.  Such  a  doctrine,  however,  can  only 
be  supported  by  assertion,  since  Nature  affords  no  sanction  to  it ;  as  the 
most  cursory  survey  of  these  two  of  her  kingdoms  will  at  once  make  obvious. 

16.  If,  for  example,  we  commence  by  comparing  the  various  tribes  of 
Flowering-Plants  with  each  other,  we  find  that  they  may  all  be  referred  to 
a  certain  **  archetype"  or  idefd  form,  consisting  of  an  ascending  axis  or  stem 
with  its  foliaceous  and  floral  appendages,  and  of  a  descending  axis  or  root 
with  its  absorbent  fibres.  Their  most  obvious  diversities  are  generally 
attributable  to  the  deficiency  or  excess  of  some  or  other  of  these  compo- 
nent parts ;  thus  many  of  the  trees  most  remarkable  for  the  massive  per- 
fection of  their  stems,  have  the  less  essential  parts  of  their  flowers  unde- 
veloped ;  whilst  many  of  the  plants  most  remarkable  for  the  beauty  and 
luxuriance  of  their  blossoms,  never  form  a  true  woody  stem.  But  amid 
this  general  conformity,  the  Botanist  recognizes  two  very  distinct  though 
subordinate  types,  each  of  them  including  a  long  series  of  gradational 
forms,  from  the  lofty  tree  to  the  humble  plant;  the  difference  between 
which  consists  rather  in  the  diversity  of  the  plan  on  which  the  very  same 
elementary  parts  are  combined  and  arranged,  than  in  any  superior  eleva- 
tion possessed  by  one  over  the  other.  Thus  if  we  compare  the  Palm  and 
the  Oak,  which  may  be  considered  as  presenting  typical  examples  of  the 
JSndogenotu  and  Exogenous  stems,  we  find  that  the  same  materials — cellular 
tissue,  woody  fibre,  and  ducts  of  various  kinds — are  worked-up,  as  it  were, 
on  two  different  patterns ;  and  as  a  like  difference  of  plan  extends  itself  also 
to  the  arrangement  of  the  elementary  parts  of  the  leaf  and  to  the  number 
of  the  components  of  the  flower,  and  even  shows  itself  in  almost  the  earliest 
stage  of  the  life  of  the  embryo,  it  becomes  apparent  that  the  diversity  is 
one  which  belongs  to  the  fundamental  nature  of  the  two  groups.  There 
are  instances,  it  is  true,  in  which  there  is  such  a  general  conformity  in  ex- 
ternal appearance  between  certain  of  their  members  (between  Cycads  and 

>  For  the  most  complete  accomit  of  these  metamorphoses,  as  well  as  of  the  Anatomy, 
Physiology,  and  Classification  of  the  pedunculated  diTision  of  the  group,  see  Mr.  C. 
Darwin's  **  Monograph  on  the  sub-class  Cirripedia,"  published  by  the  Ray  Society, 
1851. — It  is  hoped  that  this  admirable  work  will  be  soon  completed,  by  a  like  descrip- 
tion of  the  tanU  division. 
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Palms  for  example),  as  might  deceive  a  mere  luperficial  observer;  yet 
there  is  no  assamption  of  the  essential  eliaracters  of  the  latter  of  these 
gronpi  bj  the  former,  the  stem  being  exogenous  and  the  embryo  polycoty- 
ledouous.  So,  again,  although  there  are  certain  Flowering-plantiJ  (such  as 
L^mna^  duckweed,  and  Zmtera,  sea- wrack)  which ^  alike  in  habit  and  in 
general  simplicity  of  structure,  correspond  mth  a<iuatic  Cryptogamia,  these 
arc  at  once  recognized  as  degraded  forms  of  the  Phanerogamic  type,  when 
their  generative  apparatus  is  examined;  reduced,  though  tMs  is,  to  a  con- 
dition of  extreme  simplicity, — The  Crj^ptogamie  series  cannot  be  referred 
with  equal  propriety  to  a  single  ''archetype,"  so  diversified  are  the  tjpes 
of  struetttre,  as  well  as  of  grades  of  development,  which  its  principal  groups 
present.  Still,  the  plan  on  which  their  generative  apparatus  is  constnicted, 
though  not  so  dissimilar  to  that  of  Phaaerogamia  as  was  formerly  supposed 
(since  no  reasonable  doubt  can  now  remain  of  their  true  aeximltty)  present 
a  certain  fundamental  uniformity ;  whilst  its  several  modifications  serre  to 
distinguish  the  subordinate  groups  of  Ferns,  Mosses,  Liverworts,  &c.  Al- 
though the  Cryptog^amia  as  a  whole  rank  below  Flowering  plants,  yet  no 
one  can  help  recognizing  in  a  Tree- Fern  a  far  more  elaborate  structure 
than  that  of  Lemna  or  Zostera ;  so  that  the  essential  distinctions  between 
the  two  series  lies,  not  in  ^ratU  of  development,  but  in  if/pe  of  conforma- 
tion. So  among  the  Cryptogamia  themselves,  we  find  paralhl  series,  such 
as  those  of  Afgm^  Lichens,  and  Fitngi,  through  each  of  which  a  certain  dis- 
tinetive  type  is  preserved,  notwithstanding  that  between  their  several  varie- 
ties of  grade  there  is  a  close  correspondence.^ — Hence  we  see  that  although^ 
from  the  comparatively  small  number  of  distinct  organs  which  the  Plant 
possesses,  and  from  the  less  complete  separation  even  of  these,  there  is  not 
by  any  means  the  same  scope  for  varieties  in  plan  of  organization  as  we 
shall  find  in  the  Animal  Kingdom,  it  is  not  the  less  certain  that  a  consider- 
able number  of  dtstinet  itfpes  of  structure  exists,  which  cannot  be  reconciled 
to  any  other  theory  of  fundamental  unity,  than  that  which  refers  Ihem  all 
to  their  common  starting-point — the  single  cell. 

It.  Turning,  now,  to  the  Animal  Kingdom,  we  find  that  even  a  slight 
general  survey  affords  ground  for  the  recognition  of  those  four  very  dMnct 
plans  of  strHvtiirej  which  Cuvier  w^as  the  first  to  mark  out  clearly — namely, 
the  Radiated,  the  Molluscous,  the  Articulated,  and  the  Vertebrated;  and 
these  are  found  to  l>e  more  and  more  clearly  distinguishable  from  each  other, 
the  more  profoundly  we  examine  into  the  fundamental  peculiarities  of  each, 
and  the  more  fully  we  become  acquainted  with  the  history  of  its  develop- 
ment. For  by  accurately  studying  and  comparing  the  various  modifications 
under  which  these  respectively  present  themselves,  we  see  that,  beneath  the 
apparent  mixiure  of  characters  which  occasionally  presents  itself  (as,. for 
example,  in  the  case  of  the  Cirrhipcds,  14),  there  is  an  essential  conformity 
to  one  type,  and  that  the  departure  from  the  ortlinary  aspect  is  merely 
superficial,  being  such  as  adapts  the  animal  or  group  of  animals  to  a  par- 
ticular mode  of  existence.  Now  since  modifications  of  a  similar  kind  may 
take  place  in  groups  of  animals  belonging  to  different  types,  they  may 
come  to  present  very  striking  rcsembknces  to  each  other  in  their  adapime 
characters  (as  is  the  case  between  Birds  and  Insects),  although  there  is  no 
conformity  whatever  in  their  general  plan  of  structure.  Taken  as  a  whole, 
no  animal  belonging  to  any  one  of  these  types  can  be  likened  to  any  animal 
belonging  to  another;  although  comparisons  may  be  legitimately  made 
between  their  individual  organs.  Thus,  as  Von  Baer  justly  observes, 
"metamorphose  a  Cephatopod  as  you  will,  there  is  no  making  a  Fish  out 
of  it|  save  by  bmlding  up  all  the  parts  afresh  j**  yet  in  many  portions  of  ' 
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their  organization,  Gephalopods  are  unquestionablj  intermediate  between 
the  lower  MoUosks  and  the  typical  Fishes.  Again,  although  the  higher 
Gephalopods  indubitably  take  a  more  elevated  rank  as  Animals  than  the 
lowest  Fishes,  and  in  this  respect  might  be  considered  as  approximating 
more  closely  to  Man,  yet  in  the  conformity  of  its  organization  to  the  Yer- 
tebrated  type,  the  lowest  Fish  bears  far  more  resemblance  to  Man,  than 
does  the  highest  Cephalopod. — ^Moreover,  it  is  to  be  observed,  that  the 
general  type  of  constmction  manifests  itself  not  merely  in  the'  mode  in 
which  the  organs  are  grouped  together,  but  also  in  the  conformation  of  the 
organs  themselves.  Thus  we  shall  hereafter  see,  that  whilst  there  is  a  re- 
markable correspondence  between  the  condition  of  the  circulating  apparatus 
in  the  two  series  of  Articulated  and  Molluscous  animals — especially  as  re- 
gards the  imperfection  of  its  vascular  system,  and  its  communication  with 
the  visceral  cavity — ^there  is  a  type  which  is  peculiar  to  each,  and  which 
shows  itself  in  the  structure  of  the  heart,  as  well  as  in  the  general  distribu- 
tion of  the  bloodvessels.  For  the  type  of  the  heart,  in  the  Articulated 
animal,  is  the  elongated  dorsal  vessel,  which,  if  divided  at  all,  has  a  repe- 
tition of  similar  chambers  for  the  several  segments  of  the  body;  whilst  in 
the  Mollusk  it  is  a  concentrated  organ,  with  much  thicker  walls,  usually 
having  the  auricle  or  receiving  cavity  separated  from  the  ventricle  or  im- 
pelling cavity,  and  presenting  no  other  repetition  of  similar  parts  than  the 
occasional  doubling  of  the  auricle,  where  the  two  sets  of  gills  (whence  the 
blood  returns  to  the  heart)  are  placed  wide  asunder.  So,  again,  in  the 
various  Glandular  organs  of  the  Articulata,  the  required  extent  of  surface 
is  usually  aflforded  by  the  elongation  of  a  small  number  of  narrow  tubes ; 
whilst  in  the  Mollusca,  the  same  extension  is  provided  for  by  the  multipli- 
cation of  short  and  wide  follicles.  Yet  we  find  that  in  certain  Crustacea, 
which  are  adapted  in  many  respects  to  the  conditions  of  the  Mollusk,  both 
the  heart  and  the  glandular  apparatus  present  a  very  striking  approxima- 
tion to  the  Molluscous  type ;  whilst  no  such  approximation  is  seen  in  the 
general  plan  of  the  fabric,  which  is  as  obviously  articulated  in  the  Crustacea, 
as  it  is  in  the  Insect. 

18.  But  although  it  is  in  t^e,  or  plan  of  organization,  that  the  most 
essential  differences  lie,  among  the  several  forms  of  Plants  and  Animals,  it 
is  not  the  less  true  that  they  are  distinguished  by  very  marked  diversities 
in  grade  of  development ;  by  which  is  to  be  understood,  the  degree  in  which 
the  several  parts  that  make  up  the  entire  fabric  are  characterized  by  spe- 
cialities of  conformation,  so  that  each  becomes  a  distinct  organ^  adapted  to 
perform  a  function,  more  or  less  different  from  that  which  other  parts  can 
discharge.  The  lower  we  descend  in  the  scale  of  being,  whether  in  the 
Animal  or  in  the  Vegetable  series,  the  nearer  approach  do  we  make  to  that 
homogeneousness  which  is  the  typical  attribute  of  inorganic  bodies,  wherein 
every  particle  has  all  the  characters  of  individuality,  so  that  there  is  no 
distinction  either  of  tissues  or  of  organs.  Thus  in  Sponges  and  Sea-weeds, 
even  when  of  considerable  size,  every  part  resembles  other  parts  in  inti- 
mate structure,  and  differs  but  dightly  from  them  even  in  external  configu- 
ration ;  so  that  the  whole  mass  is  little  else  than  a  repetition  of  the  same 
organic  components.  On  the  other  hand,  as  we  ascend  the  scale  of  being, 
we  find  the  fabric — ^whether  of  the  Plant  or  the  Animal — becoming  more 
and  more  heterogeneous;  that  is,  to  use  Von  Baer's  language,  *'a  differen- 
tiation of  the  body  into  organic  systems,  and  of  these  again  into  separate 
more  individualized  sections,"  presents  itself.  Thus,  as  we  ascend  from  the 
lowest  towards  the  highest  forms  of  Vegetable  life,  we  find  that  out  of  the 
homogeneous  aggregation  of  cells  which  forms  the  simple  frond  of  the 
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hnmble  Algffi  (§  22),  a  differentiation  gradnally  arises  between  the  ''  axis" 
and  the  '' appendages  to  the  axis;"  that  in  the  axis,  there  is  a  gradual  se- 
paration established  between  the  ascending  portion,  or  stem,  and  the  de- 
scending portion,  or  root ;  and  that  among  its  appendages,  the  foliaceoos 
organs  become  more  and  more  completely  separated  from  the  generative 
apparatus.  Even  in  the  highest  Plants,  however,  we  find  an  extensive 
repetition  of  similar  parts ;  and  there  is  always,  too,  a  close  correspondence 
in  the  intimate  stmctore  of  even  the  most  antagonistic  organs,  such  as  the 
roots  and  leaves. — ^The  di£ferentiation,  both  as  regards  external  conforma- 
tion and  intimate  structure,  proceeds  to  a  far  wider  extent  in  the  Animal 
kingdom,  in  virtue  of  the  much  greater  variety  of  purposes  to  be  attained 
in  its  existence ;  and  we  see  this  carried  to  its  highest  degree  in  Man,  in . 
whose  organism  the  principle  of  specialization  everywhere  manifests  itself, 
no  part  being  a  precise  repetition  of  any  other,  except  of  the  corresponding 
part  on  the  opposite  side  of  the  body.^ 

19.  It  is  only,  however,  by  a  very  gradual  succession  of  steps,  that  this 
elevation  is  attained.  The  simplest  Animals  are  precisely  upon  a  level 
witli  the  simplest  Plants,  as  regards  their  homogeneity  of  character ;  and 
no  sooner  does  a  differentiation  of  organs  show  itself,  than  these  are  in  the 
first  instance  almost  indefinitely  repeated,  so  that,  however  numerous  may 
be  the  parts  of  which  the  entire  organism  is  composed,  they  are  (so  to 
speak)  the  foe-similes  of  one  another.  Thus  not  only  in  Zoophytes,  but 
also  in  the  lower  MoUusca  and  Articulata,  we  find  this  repetition  extending 
to  those  entire  groups  of  organs,  which,  when  detached  from  the  rest,  can 
maintain  an  independent  existence,  and  are  therefore  commonly  accounted 
distinct  individuals.  But  we  find  the  same  to  hold  good,  as  regards  indi- 
vidual  organs,  in  the  highest  members  of  each  of  the  Invertebrated  sub- 
kingdoms,  and  even  (though  to  a  less  extent)  among  Yertebrated  animals. 
Thus  among  the  Echinodermata,  there  is  a  precise  repetition  of  similar  parts 
around  a  conmion  centre ;  and  although  this  repetition  is  limited  to  five  in 
the  highest  forms  of  the  class,  yet  it  extends  to  a  much  greater  number  in 
those  of  inferior  organization — as  we  see  in  comparing  the  Ophiura  with 
its  five  simple  arms  (Fig.  8),  and  the  PerUacrinus  (Fig.  9),  whose  ten  arms 
all  subdivide  into  such  numerous  branches,  that  the  aggregate  number  of 
pieces  in  the  whole  is  estimated  at  above  a  hundred  thousand.  So,  again, 
in  the  Cephalopoda,  which  constitute  the  highest  division  of  the  Molluscous 
series,  we  find  the  tentacula  surrounding  the  mouth  to  be  almost  indefinitely 
multiplied  in  the  lower  or  tetrabranchiate  division  {Nautilus  and  its  allies) ; 
whilst  they  are  reduced  to  eight  or  ten  in  the  dibranchiate  order  (Cume- 
fish,  Fig.  47),  at  the  same  time  acquiring  a  much  higher  individual  develop- 
ment, and  often  having  one  pair  differentiated  from  the  rest,  for  some 
special  purpose.  So  in  the  Annelida  and  other  inferior  groups  of  the  Ar- 
ticulate series,  we  find  the  locomotive,  respiratory,  and  other  important 
organs  almost  indefinitely  multiplied  in  the  longitudinally-repeated  seg- 
ments; but  as  we  ascend  towards  the  higher  Articulata,  the  number  of 
segments  becomes  strictly  limited  and  greatly  reduced,  even  where  these 
divisions  are  still  little  else  than  repetitions  of  one  another, — ^being  only 
twenty-two  in  the  Centipede,  and  thirteen  in  the  Insect-Larva;  wMlst  in 

1  This  fact  is  most  onrioiisly  exempUfied  in  the  speciality  of  the  Meatt  of  election  of 
those  disorders  of  nutrition,  which  obviously  depend  upon  the  presence  of  a  materies 
morbi  in  the  blood,  rather  than  upon  any  primary  local  disturbance. — See  Dr.  William 
Budd's  Memoir  on  **  Symmetrical  Diseases,"  in  the  **  Medico-Chirurgical  Transactions," 
Vol.  XXV.;  Mr.  Paget*s  *•  Lectures  on  Surgical  Pathology,"  Am.  Ed.,  p.  27  et  ieq,,  and 
the  Author's  "Principles  of  Human  Physiology,"  6th  Am.  Ed.,  p.  209. 
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Uie  perfect  Insect,  the  dtferentrndon  U  cjuried  to  its  big-bt^  extent,  the 
locomotlv^e  apparatiift  beuig  restricted  to  the  three  thoroeie  segments,  and 
all  the  other  org^as,  eron  when  repeated  throujrhoat,  l>ein^  uneqaaltj  de- 
reloped  in  the  eereim]  partis     Thymine  principk  of  gradmil  differentiation 


FSf .  9. 


Opkii 


Ptmtatrimifgt  hriarrm^. 


ahowB  itself  mosct  remarkably  ia  the  eonformaUon  of  the  memberi  of  Terte* 
bnta ;  for,  taking  the  many-jointed  bnt  single  rod-like  appendn^  of  th« 
Lepidomrm  (Fig.  3,  A,  and  Fig.  150)  as  their  lowest  type,  we  find  tMs  simplj 
repeated  even  to  the  extent  of  a  hundred-fold  or  more,  in  the  digital  rays 
fnpporting  each  of  the  pectoral  and  Teotral  fins  of  FiMhtf ;  as  we  ascend 
ihenee,  throngh  the  extinct  Enntimaunn  (Ichthyosanms,  Plesiosanrus,  Ac.) 
to  the  typical  Reptiles,  we  find  the  number  of  these  multiplied  digits  dimi- 
ihUiigt  tmti]  it  settles  down  at  fire,  and  the  number  of  joints  in  each  also 
reduetd,  until  it  beeoraea  restricted  to  the  six  rows  (two  carpal,  one  nieta- 
earpal,  and  three  phalangeal)  which  characterise  the  hand  (or  foot)  of 
Ifkn  \  in  BirdM  and  Ft^n^  MammaJi,  there  \h  a  most  marked  differentiation 
between  the  anterior  and  posterior  extremities,  as  there  is  al^o  (though  in 
m  \§m  degree)  m  Man;  and  in  the  Qfmdrumana^  we  begin  to  see  that 
ftpecfalizatloD  of  the  firft  digit  (this  being  usually  common  to  b1\  tkeir  mem- 
bef«)  which  is  carried  to  its  highesi  polat  in  the  hand  of  Mat^  whose  other 
dijrils,  also,  hare  their  dbtiuciire  capabilitlei;,  whereby  this  member  as  a 
lie  becomes  the  moat  highlyHjrganijEed  of  all  instrnments,  in  virtne  of 
»ecjoftlk*d  Tariety  of  actions  which  It  is  adapted  to  perform. 
Thuji  we  see  that,  whether  we  trace  the  **  Archetype**  of  each  great 
\%vm  of  the  Animal  kingdom  into  tliose  modillcations  which  it  pre- 
n  th%*  murif  rpntricted  groups — or  whether  wc  follow  any  organ  or 
frritii  the  form  nnder  which  it  first  presents  itself,  to  that  which  it 
in  iti«  «ijit«s  of  niotl  complete  derelopment — ^we  recognize  one  and 
r  |«liui  <T  prnu^ression,  namely, /rojN  £ft0y«»if^f#^mriW;  and, 
lUu'r  justly  rt'inarks,  tlie  reiaiions  of  any  orfftiSsed  mbrie  to  any 
.an«t  btt  ttKuresaed  by  the  i>rodncl  of  its  /j^^  with  its  grade  ofdtvtiop- 
Neither  aIoB«  gafflcea  to  eharaeteiise  it;  far  under  the  same  type. 
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different  grades  of  development  may  present  themselves ;  whilst  conversely, 
a  like  grade  of  development  may  be  attained  nnder  different  types.  And 
this  general  fact  needs  to  be  constantly  borne  in  mind,  not  merely  when  a 
Plant  or  Animal  is  being  considered  as  a  whole,  bnt  also  when  we  are 
studying  the  evolution  of  any  individual  organ  or  system  in  the  ascending 
series ;  since  it  is  no  more  possible  to  follow  this  system  through  one  un- 
broken progression,  than  it  is  to  arrange  the  entire  assembiage  of  beings 
composing  either  kingdom  in  a  single  linear  series. — ^It  may  in^ijome  degree 
assist  the  reader  in  his  perusal  of  the  subsequent  pages,  if  we  here  pause 
to  take  a  general  survey  of  the  principal  types  of  Vegetable  and  Animal 
conformation,  and  of  the  chief  diversities  in  grade  of  development  which 
present  themselves  under  each. 


21.  Vegetable  Kingdom, — If  we  commence  by  examining  any  Plant  of 
high  organization,  we  observe,  in  the  first  place,  that  there  is  a  complete 
differentiation  between  its  organs  of  Nutrition  and  its  organs  of  Reproduc- 
tion; and  further,  that  its  principal  organs  of  Nutrition,  the  root  and  the 
leaf,  are  separated  from  each  other  by  the  interposition  of  the  stem  or  axis, 
around  which  the  various  appendages  are  arranged  with  a  considerable 
degree  of  regularity.  Further,  we  notice  that  a  corresponding  differentia- 
tion presents  itself,  as  to  the  intimate  structure  of  these  several  organs ;  for 
whilst  the  parts  most  directly  concerned  in  the  vital  operations  of  the  or- 
ganism are  chiefly  made  up  of  aggregations  of  celh,  which  resemble  in  all 
essential  particulars  those  of  which  the  simpler  forms  of  vegetation  entirely 
consist,  these  are  supported  upon  a  framework  of  woody  fibre,  an  extension 
of  that  which  gives  strength  and  solidity  to  the  stem  and  roots ;  and  further, 
in  order  that  air  and  liquids  may  the  more  readily  find  their  way  from  one 
part  of  the  structure  to  another,  than  they  could  do  by  transmission  from 
cell  to  cell,  a  set  of  ducts  is  interposed,  which  establish  a  ready  communica- 
tion through  the  stem  between  the  roots  and  the  leaves.  These  organs  are 
all  mutually  dependent  and  connected;  and  contribute,  each  in  its  own 
special  manner,  to  the  life  of  the  Plant  as  a  whole.  But  since  all  the  most 
essential  organs  are  many  times  repeated,  the  loss  of  some  of  these  does 
not  involve  the  destruction  of  the  entire  organism ;  and  even  the  separated 
parts  may  develop  the  organs  in  which  they  are  deficient,  and  may  thus 
evolve  themselves  into  entire  plants,  and  maintain  an  independent  existence.^ 
In  this  way  a  muttiplication  of  the  products  of  the  original  germ  may  be 
effected ;  but  thesC)  as  will  be  shown  hereafter  (Chap.  XI.),  are  not  distinct 
individuals  in  the  highest  sense  of  that  term ;  and  the  process  by  which 
they  are  evolved  is  simply  a  modification  of  the  ordinary  Nutritive  opera- 
tion, and  is  so  far  from  being  a  form  of  true  Generation,  as  to  be  essentially 
antagonistic  to  it.  This  distinction  is  one  of  much  importance ;  since  on 
it  depends  the  recognition  .of  the  organs  in  Cryptogamia,  which  are  homo- 
logous with  those  of  Flowering-Plants. 

1  This  is  usually  the  case  under  fayorable  conditions  in  regard  to  leaf-buth,  which 
can  put  forth  rootlets,  and  then  eyoWe  a  stem,  fh>m  which  other  leaf-buds  and  their 
flower-buds  are  deyeloped.  But  there  are  some  plants,  as  Bryophyllum,  which  have  the 
same  power  in  every  lea/,  or  CTenin  every /raiment  of  a  leaf ;  a  small  portion,  laid  upon 
damp  earth,  or  suspended  in  a  humid  atmosphere,  gradually  eyolying  itself  into  the 
entire  organ,  and  at  the  same  time  deyeloping  the  other  parts  most  essential  to  the  per- 
formance of  its  nutritiye  operations,  from  which  the  reproductiye  apparatus  is  subse- 
quently put  forth. 
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22.  Haying  thus  detennined,  by  the  analysis  of  one  of  the  highest  Plants, 
what  it  is  that  constitutes  the  most  complete  type  of  Vegetable  organiza- 
tion, we  shall  commence  with  the  lowest  division  of  the  series,  and  endearor 
to  trace  oat  the  principal  lines  of  ascent  by  which  that  type  is  attained. 
This  can  only  be  accomplished,  at  present,  in  a  very  imperfect  manner ; 
since  it  is  only  within  a  very  recent  period,  that  the  homologies  of  the 
reprodnctire  apparatus  of  Phanerogamia  have  been  discovered  among 
Cryptogamia;  and  little  more  than  a  gness  can  be  as  yet  made,  as  to  the 
conditions  which  these  present  in  some  of  the  hnmbler  forms  of  Gryptogamic 
life. — The  lowest  type  of  vegetable  existence  is  afforded  by  those  organisms, 
which  either  consist  of  single  cells,  or  of  aggregations  of  similar  cSls,  each 
of  which  can  maintain  an  independent  existence,  living  far  and  by  itself, 
and  not  needing  the  co-operation  of  other  cells,  save  for  the  purpose  of 
generation,  of  which  the  reunion  of  the  contents  of  two  cells,  by  an  act  of 
''  conjugation,"  is  an  essential  condition.  Any  one  of  these  cells  may  mtiA 
tiplg  itself  indefinitely  by  subdivision,  the  results  of  which  process  are  seen 
m  the  accompanying  example  (Fig.  10) ;  but  those  products  are  all  mere 
repetitions  one  of  another,  and  often  detach  themselves 
Fig.  10.  spontaneously,  so  that  the  descendants  of  a  single  cell 

-jp.^^^^^^        may  cover  a  very  extended  area,  as  is  the  case,  for 
f^^ff3?^*^?^     example,  with  the  Protococcus  nivalis,  or  "  red-snow.** 
^^•^  ^j^qllti     There  is  here,  therefore,  not  the  least  show  of  differ- 
entiation ;  no  special  ceUs  being  set  apart  even  for  the 
performance  of  the  generative  act.    Where  the  mul- 
tiplied cells  remain  in  continuous  connection  with 
each  other,  being  imbedded  in  a  common  substratum 
fformotpora  of  gclatiuous  substaucc,  SO  as  to  form  but  a  single 

trannenaiu.  mass  (Fig.  10),  this  may  be  perfectly  homogeneoos 

throughout ;  no  definite  form  being  present^  by  it 
as  a  whole,  and  no  trace  of  ''organs"  being  distinguishable  in  any  part  of 
it.  The  first  indication  of  progress  towards  a  higher  grade,  is  given  by 
the  limitation  of  the  direction  in  which  the  increase  takes  place :  so  that, 
instead  of  an  amorphous  aggregation  of  cells,  we  find  a  linear  series  (Fig. 

11,  a)  which  is  form- 
Fig.  11.  ed     by     successive 

transverse  subdivi- 
sion; and  this  fila- 
ment may  increase 
in  breadth  by  longi- 
tudinal subdivision 
(b),  so  as  at  last  to 
produce  a  laminar 
expansion,  such  as 
that  of  the  common 
Ulva,  which  is  term- 
ed  a  thalltis.  In  the 
simplest  forms  of  this 
thaUus,  we  do  not 
meet  with  the  slight- 
Banffia  veiutina.  ^g^  ^race  of  differcu- 

tiation ;  and  every 
one  of  its  component  cells  appears  to  live  as  much  for  and  by  itself,  as  if  it 
were  completely  detached  from  the  rest.  Every  one  of  them,  moreover, 
seems  able  to  multiply  itself,  not  merely  by  subdivision,  but  also  by  the 
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emission  of  a  portion  of  its  contents  inclosed  in  a  cell-wall,  in  the  condition 
of  a  ''spore"  or  detached  gemma;  and  this  in  the  tribe  now  nnder  con- 
sideration, being  nsnally  furnished  with  cilia,  and  endowed  with  the  power 
of  spontaneously  moving  for  a  time,  is  termed  a  "zoospore."  When  the 
zoospore  has  been  thus  carried  to  a  distance  from  the  organization  from 
which  it  proceeded,  it  begins  to  develop  itself  into  a  similar  organism  by 
the  process  of  duplicative  subdivision ;  and  in  arriving  at  the  highest  of 
these  stages  of  development,  it  passes  through  the  simpler  forms  which  re- 
main permanent  in  yet  humbler  grades  of  vegetation.  The  true  Generation 
of  the  plants  of  this  group,  to  which  the  term  Protophytes  may  perhaps  be 
advantageously  restricted,  seems  to  be  always  accomplished  by  the  process 
of  ''conjugation,"  in  which  any  or  all  of  the  component  cells  may  alike 
participate ;  but  we  see,  in  its  higher  forms,  a  tendency  to  the  distinction 
between  the  "sperm-cell"  and  the  "germ-cell,"  that  is,  to  the  differentia- 
tion of  sexes  into  male  and  female — ^the  only  mark  of  heterogeneousness 
which  yet  presents  itself.  The  product  of  this  act  is  a  new  cell,  from  which 
a  new  plant  originates  by  duplicative  subdivision,  as  in  the  case  of  the 
zoospore.  Here,  then,  we  find  that  each  individual  (understanding  by  this 
term  the  aggregate  result  of  a  generative  act)  is  made  up  of  an  indefinite 
number  of  cells,  which,  being  precisely  similar  to  each  other,  have  no  rela- 
tion of  mutual  dependence ;  so  that  the  Life  of  the  whole  is  merely  the  sum 
of  the  lives  of  the  component  parts,  and  not,  as  in  higher  organisms,  the 
product  of  it. 

23.  In  the  next  stage  of  development,  the  differentiation  of  parts  begins 
to  manifest  itself  more  decidedly ;  but  this  not  so  much  in  a  distinction  of 
organs  adapted  to  separate  offices  in  the  act  of  Nutrition,  as  in  the  limita- 
tion of  the  Reproductive  act  to  particular  portions  of  the  organism,  and 
in  the  setting  apart  of  special  organs  for  its  performance.  For  we  have  as  yet 
no  real  distinction  between  stem,  roots,  and  leaves ;  although  some  sem- 
blance of  such  a  distinction  may  present  itself.  The  primordial  cell,  by 
repeated  subdivision,  extends  itself  into  a  "  thallus,"  whose  form  has  but 
little  definiteness,  and  whose  tissue  is  nearly  homogeneous  throughout,  be- 
ing entirely  composed  of  cells  of  various  forms,  without  either  woody  fibres 
or  vessels  of  any  kind ;  and  it  is  chiefly  by  its  apparatus  of  fructification, 
which  presents  itself  under  many  different  aspects,  that  this  group,  which 
may  be  designated  by  the  term  Thallogens,  is  distinguished  from  the  pre- 
ceding. Nearly  the  same  degree  of  general  development  is  presented  bv  three 
tribes  of  these  humble  Cryptogamia — namely,  Mga^^  Lichens,  and  Fungi — 
which,  nevertheless,  are  fitted  to  exist  under  very  diverse  conditions,  and 
which  present  corresponding  diversities  of  structural  type ;  and  all  of  them 
seem  to  agree  (according  to  the  most  recent  investigations,  of  which  an 
account  will  be  given  hereafter.  Chap.  XI.)  in  the  possession  of  a  special 
generative  apparatus,  in  which  the  distinction  of  sexes  is  clearly  marked. 
This  consists  of  a  set  of  "  sperm-cells"  developed  in  certain  parts  of  the 
organism,  and  of  a  set  of  "  germ-cells"  evolved  elsewhere,  usually  (but 
not  always)  in  the  same  individual ;  the  product  of  the  former  is  a  "  sperm- 
atoid"  body,  which  comes  into  contact  with  the  latter  and  fertilizes  its 
contents ;  and  the  result  is  the  formation  of  a  germ,  which  must  be  con- 
sidered as  the  commencement  of  a  new  generation.    This  germ,  however, 

I  The  group  of  Algse,  as  here  limited,  does  not  include  the  Protophytes  described  in 
the  preceding  parAgraph ;  for  although  these,  being  mostly  aquatic  plants,  are  usually 
ranked  in  it,  yet  their  type  of  reproductive  apparatus  is  so  distinct  from  that  of  the 
higher  Algsd,  as  to  require  that  they  should  be  separately  considered. 
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frequently  remains  for  some  time  in  connexion  with  the  parent,  and  multi- 
plies itself  hj  dnplicative  subdivision  at  the  expense  of  the  nutriment  which 
it  draws  from  it,  so  as  at  last  to  evolve  itself  into  a  collection  of  **  apores" 
contained  in  a  special  envelop,  every  one  of  which,  when  liberated  from  the 
parent,  may  develop  itself  into  a  new  plant  in  which  the  same  processes  are 
repeated.  It  is  by  the  general  relation  of  this  apparatus  of  fructificatioii 
to  that  of  nutrition,  that  the  three  groups  already  named  are  most  diatinct- 
ively  characterized. 

24.  Thus  the  Alga  vegetate  exclusively  in  water  or  in  damp  situations ; 
they  require  no  nutriment  but  such  as  is  supplied  by  water  and  by  the  air 
and  inorganic  substances  dissolved  in  it ;  they  absorb  this  nutriment  equally 
by  every  part  of  their  surface ;  and  they  show  a  great  tendency  to  the  ex- 
tension of  the  'thallus'  by  the  multiplication  of  cells  in  continuity  with  the 
existing  fabric,  so  that  it  frequently  attains  most  extraordinary  dimensions. 
In  some  of  the  simpler  forms  of  the  group,  we  find  but  a  slight  advance 
upon  those  aggregations  of  similarly-shaped  cells,  of  which  the  fabrics  of  the 
Protophyta  are  made  up.  Thus  in  MesogUna  (Fig.  12),  although  we  have 
a  distinct  axis  with  radiating  appendages,  the  former  is  composed  of  elon- 
gated cells  very  loosely  adherent,  while  the  latter  consist  of  single  rows, 


Fig.  12. 


Fig.  18. 


Metogloia  vermiculari§. 


Zonaria  plantaginea. 


bearing  the  generative  cells  at  their  extremities;  and  in  Zonaria  (Fig.  13), 
it  is  only  the  character  of  the  fructification  that  raises  it  above  the  type  of 
an  TJlva.  In  the  highest  Algse,  however,  we  find  some  differentiation  in 
the  texture  of  their  interior  and  exterior  substance ;  and  there  is  also  a 
certain  foreshadowing  of  the  separation  between  the  stem,  the  roots,  and  the 
leafy  expansion  or  frond ;  but  there  is  nowhere  a  departure  from  the  simple 
cellular  type,  nor  is  there  any  real  specialization  of  function,  save  that  the 
fructification  is  evolved  from  the  frondose  portion,  and  not  from  the  stem- 
like or  root-like  axis.  Most  Algae  are  provided  with  a  special  apparatus 
(such  as  the  sttchidum  of  Dasya,  Fig.  14,  a)  for  the  evolution  of  free 
gemmse,  which  are  sometimes  ciliated  like  the  zoospores  of  Protophyta, 
and  which  multiply  the  original  fabric  independently  of  any  true  generative 
act.  The  proper  generative  organs  are  frequently  very  obscure,  and  are 
often  buried  in  the  general  substance  of  the  frond ;  occasionally,  however, 
they  form  conceptacles,  which  are  prominent  externally  (Fig.  15),  or  are  de- 
veloped on  particular  branches  only.  The  embryo-cells,  which  are  the  pro- 
ducts of  the  fertilization  of  the  germ-cells  by  the  contents  of  the  sperm- 


GENEBAL  VIEW   OF   VEQETABLE  KIKOD0M,^LI0HENB» 


66 


cells,  do  not  nsuallj  undergo  auy  great  amount  of  stibdiTifiion  into  ''spores,"* 
before  each  spore  that  has  oiiginatod  frotii  it  begins  to  develop  itself  into 
a  new  pknt,     Ucnce  it  is  obvious  that  the  whole  nistu  of  vital  octiTity  in 


Fig.  14. 


Fig.  15. 


^1 


Dmjfa  kmtxin^imwi. 


Mar^irutria  ^igoM* 


the  Algss,  la  towards  Katrition  rather  than  Generation^ — the  mnltiplication 
of  independent  organisms  of  the  existing  generation,  rather  than  the  origi- 
nation of  new  series  by  the  proper  generative  act. 

25.  On  the  other  hand,  Lichens  grow  npon  living  Plants,  npon  rocks  and 
Btones,  u]}on  hard  earth,  or  otlier  situations  in  which  they  are  sparingly  sup- 
plied with  moistore,  bnt  are  freely  exposed  to  light  and  air  They  derive 
their  food  from  the  atmosphere,  and  from  the  water  which  this  conveys  to 
them ;  but  this  they  do  not  seem  to  aijsorb  equally  over  the  whole  surface, 
the  least  exposed  side  being  the  softer^  and  being  probably  the  one  through 
which  most  liquid  is  imbibed,  whilst  it  is  rather  through  the  other  that  car- 
bon is  drawn  in  from  the  air.  The  "  nisus"  or  tendency  of  development  is 
here  to  form  a  hard  crust-like  thallus,  of  slow  growth,  and  of  rather  Umited 
dimensions,  hut  of  great  durability  (Figs.  16,  It)  j  and  in  the  several  layers 
of  tMs  thallus,  there  is  considerable  diversity  of  texture^  although  (as  in 
the  Algte)  there  is  no  departure  from  the  simple  cellular  type.  As  in  the 
Algie,  moreover,  we  usually  find  a  special  arrangement  for  the  production 
of  free  gemma;  (soredta),  by  wliicli  the  numlier  of  independent  organisms 
of  the  same  generation  may  be  multiplied;  and  the  evolution  of  these  has 
blBan  frequently  considered  as  the  true  reproductive  process.  It  is  now 
ikaost  certain,  however,  that  in  this  ill-understood  group,  both  "sperm- 
cells^'  and  "  germ-eells^'  exist,  although  usually  buried  in  the  substance  of  the 

*  The  term  **»poi^o**  hna  been  uaed  to  designate  mftoy  tJtmgs  homologically  different. 
The  Author  believes  that  it  will  be  most  accordant  with  exi sting  usage*  to  coytlnue  to 
apply  it  tQ  the  bodies  contaiaed  in  the  capaulea  of  Mosses^  Fertis,  &c.,  which  are  imme- 
diote  or  remote  products  of  the  subdiTision  of  the  embryo- cell,  and  to  those  bodies  in 
Alsfe,  LieheuB,  he.,  which  are  homologous  iritb  them.  On  the  other  hand,  the  germ- 
odb  wMoh  themiselTeB  lake  part  in  the  genenirtive  act,  and  from  which  the  embrjo-ceUs 
ot^^nAte,  should  never  be  designated  bj  Ibe  term  spore. 
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thallns ;  and  that  of  the  clusters  of  "  spores"  which  make  their  BfypeBrance 
within  special  conceptacles,  each,  as  in  the  Alg®,  is  the  result  of  the  sub- 
diyision  (to  a  limited  extent)  of  a  single  embryo-cell  produced  by  the  gene- 
rative act.  These  conceptacles  are  sometimes  baried  in  the  snbstance  of  the 
thallns,  although  their  presence  usually  makes  itself  known  by  the  promi- 
nence which  it  causes  (Fig.  16,  17).     Some  tribes  of  Lichens  rery  closely 


Fig.  16. 


Kg.  17. 


Parmelia  tu^iabulum. 


Spkcerophoron  eoralloidet. 


Rg.  18. 


approximate  to  Algae,  both  in  their  conditions  of  growth,  and  in  their  gene- 
ral character;  whilst  others  present  an  equally  close  approximation  to 
Fungi ;  so  that,  as  some  botanists  have  ranked  this  group  with  the  former, 
and  others  with  the  latter,  it  seems  reasonable  to  regard  it  as  an  intermedi- 
ate section,  the  types  of  which  are  equally  far  removed  from  both. 

26.  The  group  of  i^n^'  differs  from  both  the  preceding,  in  requiring  as 
the  most  favorable,  if  not  as  the  absolute  condition,  for  the  development  of 
the  Plants  belonging  to  it,  the  presence  of  dead  or  decaying  organic  matter, 
which  shall  afford  by  its  decomposition  a  larg^ 
supply  of  carbonic  acid  and  ammonia  than  the 
atmosphere  and  its  moisture  would  alone  ftimish ; 
their  growth  is  favored  by  darkness  rather  than 
by  light ;  and,  like  higher  plants  when  not  acted 
on  by  light,  they  absorb  oxygen  and  set  free 
carbonic  acid.  Their  simpler  forms  (Fig.  18) 
strongly  remind  us  of  the  lower  Algse  (compare 
Fig.  12)  in  their  grade  of  development,  the  nu- 
tritive and  reproductive  portions  not  being  differ- 
entiated ;  but  in  the  higher  we  find  a  very  marked 
separation  between  these,  the  reproductive  appa- 
ratus being  here  as  predominant,  as  is  the  nutri- 
tive apparatus  in  the  Algse.  The  vegetative 
thallus  of  these  plants,  which  exteLds  itself  in- 
definitely in  situations  favorable  to  its  develop- 
ment, has  a  very  loose  flocculent  texture,  and  is 
composed  of  elongated  branching  cells  interlacing 
amongst  each  other,  but  having  no  intimate  connection  (Fig.  19,  a) ;  and 
this  mycdium^  as  it  is  termed,  has  such  a  want  of  definiteness  of  form,  and 
varies  so  little  in  the  different  tribes  of  Fungi,  that  no  determination  of 


Stjfianus  eaput-medwcB, 
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species,  genus,  or  even  family,  could  be  certainly  made  from  It  alone-  Al- 
tioupr?!  any  portion  of  this  mycelium  will  continue  to  Tegctate  when  sepa- 
rated from  the  rest,  it  does  not  appear  that  there  is  any  irrorision  for  the 
spontaneous  detachment  of  free  gtmmm  for  tbe  mnl tip li cation  of  the  indi- 
TiduaL  The  whole  nis«g  of  vita!  actirity  in  the  Fungi  seems  to  be  concen- 
trated upon  the  Generatiro  apparatus,  which  when  fully  developed,  separates 
itself  completely  from  the  nutritive,  and  constitutes  all  that  commonly 
attracts  notice  as  iA*  Piani  (Pig.  20).     Late  observatious  render  it  proba- 

Fig,  19. 


Chvarift  cfw/jM^a/— ct,  portion  of  tbe  mjccliuta  mftguifled^ 

ble  that  Fungi  possess  a  true  sexual  apparatus,  certain  cells  of  the  mycelinm 
being  developed  iuto  spenn-cells»  and  others  into  gerra-cella ;  and  tliat  what 
k  known  as  the  * 'fructification"  Is  the  product  of  an  act  of  coujugatiou,  the 

Fig.  £0. 


1  TlTJl-* 

^Ei^mnm  tutmiintjmi* :  A,  portion  ©f  thi  pUot  mugtiifiod:— &,  ieollon  of  one  of  th«  «©DC«p- 
t&cltii  witb  iti  iporoclee* 


immediate  resnlt  of  which  is  the  formation  of  an  embtyo-ceU,  which  after- 
wards subdivides  almost  indefinitely,  so  as  to  produce  an  immense  mass  of 
'* spores.*'  These  become  detached  from  each  other;  and,  being  usuailj  of 
extreme  minuteness^  are  carried  about  in  the  atmosphere^  so  as  to  become 
deposited  in  remote  soils^  and  to  give  rise  to  vast  numbers  of  separate  be- 
ings constituting  a  new  generation.* 

^  It  ia  interesting  to  obaerto  thit  the  mode  of  evolntioti  of  m*uy  of  thea«  Thftllogens 
ifl  gre&t]jr  iatuoneed  bj  the  conditiooi  under  which  it  t&kG9  place.  Thus,  if  Lichf^ns  be 
mnoved  from  the  influence  of  light*  and  t>e  over-supplied  with  moisttire,  they  show  a 
tamdeucy  to  tbe  extenaioa  of  the  vegetative  or  foUaccotw  portion  of  tbe  thoUus,  with  a 
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Fig.  21. 


27.  The  next  important  mode  of  elevation  consists  in  the  differentiation 
of  the  parts  of  the  Natritive  apparatus,  and  in  their  still  more  complete 
separation  from  the  Oenerative.  In  ascending  throagh  the  series  formed 
by  Hepatica,  Mosses,  and  Ferns,  we  observe  a  progressive  approximation 
to  that  distinction  between  the  "axis"  and  its  "appendages,"  which  is  cha- 
racteristic of  the  highest  forms  of  Vegetable  life;  bnt  the  g^wth  of  the 
axis  is  limited  to  one  or  both  of  its  extremities,  the  part  already  formed 
being  subject  to  very  little,  if  any,  increase;  and  from  this  character  it  has 

been  proposed  (by  Dr.  Lindlej) 
to  distinguish  this  higher  divi- 
sion of  the  Cryptogamic  series 
by  the  title  Acbooens,  sigmficant 
of  growth  at  their  points  alone. 
— The  lower  forms  of  the  He^ 
patiem  (such  as  the  St€eiace€e) 
closely  abut  upon  the  lichens, 
and  differ  from  them  but  little 
as  regards  the  organization 
of  their  nutritive  apparatos, 
although  their  fructification 
evolves  itself  after  a  different 
type.  In  the  common  March' 
arUia  (Fig.  21),  however,  the  soft  green  thallus  now  assumes  more  of  the 
structure  and  aspect  of  a  le^,  having  an  upper  and  under  cuticle  (the  former 
perforated  with  stomata),  and  an  intervening  soft, 
loose  parenchyma;  and  distinct  radical  fibres  are 
thrown  out  from  the  lower  surface,  for  the  imbibition 
of  moisture.  In  the  Jungermannia  there  is  a  dis- 
tinct axis  of  growth,  on  which  the  foliaceous  append- 
ages are  symmetrically  arranged ;  these  are  not  com- 
pletely differentiated  from  it  in  some  species,  but  in 
others  they  are  quite  separated,  and  have  an  indication 
of  a  central  mid-rib ;  the  stem,  however,  still  trails  on 
the  ground,  and  radical  fibres  are  developed  from 
every  part  of  it. — A  slight  elevation  in  this  type  brings 
us  to  that  of  the  Mosses,  which  always  have  a  distinct 
axis  of  growth,  commonly  more  or  less  erect,  with  the 
foliaceous  appendages  symmetrically  arranged  upon  it 
(Fig.  22).  A  transverse  section  of  this  axis  shows  an 
indication  of  a  separation  between  its  cortical  and  its 
medullary  portions,  by  the  intervention  of  a  layer  of 
elongated  cells,  that  seems  to  prefigure  the  wood  of 
higher  plants ;  and  from  this  layer,  prolongations  pass 
into  the  leaves,  in  which  they  form  a  kind  of  mid-rib. 
The  leaves,  however,  do  not  themselves  present  any  considerable  advance 
towards  the  more  perfect  type,  being  merely  solid  homogeneous  aggrega- 


Frond  of  ITareAatUui  polymorpka. 


Fig.  22. 


FutidenM  bryoidet. 


non-deyelopment  of  the  firactification;  and  the  thallaa  often  assumes  the  by  Moid  form  of 
the  mycelium  of  Fungi,  so  that  it  might  be  readily  mistaken  for  this.  So,  again,  if  the 
simpler  forms  of  Fungi  deyelop  themseWes  in  liquids,  they  show  an  unusual  tendency 
to  the  extension  of  the  mycelium;  and  may  eyen  take  on  so  much  of  the  characteristic 
appearance  and  mode  of  growth  of  AlgSB,  that  their  true  nature  becomes  apparent  only 
when  the  fructification  is  eyoWed. — See  the  description  of  "a  Confervoid  state  of  Mueor 
clavattu"  by  th&Rey.  M.  J.  Berkeley,  in  the  « Magazine  of  Zoology  and  Botany,"  YoL 
II.  p.  840. 
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tlons  of  cells,    Aad  ao  proper  root  is  yet  evolved  as  a  desceEding  coutinua- 
tioB  of  the  axis,  radical-fibres  being  put  forth  from  every  part  of  the  lower 


Fig.  23. 


Fig.  24. 


^"* 


3fnrth^ntiif  pttlumarphaf  frith  p«!t«t«  r^eep- 

ticJei  belling  Antbendta* 


tfti?lc«  benring  piitillidia. 


portion  of  tlie  axis  (Fig*  25),  and  even  from  the  ttnder-snrfaces  of  the 
leaver.  Both  in  Hepatices  and  Mosses,  we  find  a  special  arrangement  for 
the  nmlti plication  of  the  plant  bj  the  formation  of  dctachecL  gemm^  ;  and 
some  fipeciea  owe  their  diapersion  nnd  perpetuation  much  more  to  this  mode 
of  propag^ation^  tlian  to  the  regular  generative  operation.  There  is  no 
longer  any  doubt  that  both  these  tribes  of  plants 
possess  true  sexual  organs  j  namely,  antheridia  con-  ^*^"  ^**" 

taiuing  **  sperm-cells,^^  ntidputillidm  or  archeffmiia  con- 
taining "  germ-cells.  ^'  In  Marchanim,  these  are  borne 
upon  dJBtinct  plants,  and  both  are  sufficiently  conspicu- 
ous (Pigs.  23,  24);  iu  Mosses,  on  the  other  hand,  they 
are  usually  very  obscure,  and  arc  generally  combined 
in  the  same  individual.  The  product  of  the  fertiUza- 
tion  of  one  of  the  germ-cells  by  the  spcrmatoid  l>odies 
eet  free  from  the  sperm-cells,  is  an  embryo-cell  which 
dtvelops  itself  into  a  capsmle  containing  a  mass  of 
"ipores;"  and  this,  in  the  Mosses,  is  raised  by  the  elon- 
gation of  its  foot-stalk,  far  above  the  original  situation 
of  the  pistillidium,  and  becomes  the  only  ostensible 
fructification  of  the  plant  (Fig,  25).  In  any  one  of 
the  spores  thus  formed  by  the  duplicative  subdivision 
of  the  embryo-cell,  a  new  plant  may  originate.— It  is 
chiefly  by  specialities  in  the  structure  of  their  genera- 
tive apparatus,  that  the  preceding  gronps  are  distin- 
guished from  each  other;  each  having  its  own  peculiar 
type  of  fructification,  whilst  presenting  (as  we  have 
just  seen)  a  tolerably  regular  gradation  in  the  develop- 
ment of  the  organs  of  nutrition. 

128.  Passing  from  these  to  the  Ikms^  we  find  such  a 
rapid  elevation  in  the  character  of  the  apparatus  of  nutrition,  as  causes 
the  group  to  approximate  closely  in  this  respect  to  the  Phanerogamic 
division ;  indeed,  its  members  may  be  said  to  be  more  fiighly  organized 
iu  most  respects  than  the  inferior  Phaoerogamia,  although  the  type  of  their 
generative  apparatus  being  essentially  Cryptogamic,  they  must  be  con- 
sidered as  belonging  to  the  lower  rank  in  the  Vegetable  scale.    It  is  in  the 


PoJytnchuM  eommune. 
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groap ;  and  here  we  find,  not  only  an  ascending  axis  or  stem,  aroond  which 
&ie  foliaceoos  appendages  are  sjmmetricallj  arranged  in  a  spiral,  but  » 


Fig.  26. 


I1g.27. 


Trichomanet* 


Frond  of  Scolopendi 


proper  descending  axis  or  tme  root,  from  which  alone  the  radical  fibres  are 
given  off.    In  the  stem,  the  cortical  portion  is  separated  from  the  medullary 

Fig.  29. 


Frond  of  Otmunda  regalit; — a,  sterile  or  folia- 
ceoui  portion;  b,  fertile  portion:— a,  part  of  the 
latter  enlarged,  to  show  the  thecsd. 


Equuetum  arvenae. 
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by  the  interposition  of  bundles  composed  of  woodj  fibre  and  Tsscnlar  tissue ; 
and  the  principal  difference  which  exists  between  these  and  the  woody  layers 
of  Eicoge&ous  stems,  lies  in  the  absence  of  any  tendency  to  regular  increase, 
except  in  len^h.  From  the  fibro-vascnlar  bundles  in  the  stem,  proloujs^a- 
tions  are  ^iven  off,  which  pass  into  the  leaf-stalks,  and  thence  into  the  mid- 
rib and  lateral  branches  of  the  foliaceous  appendages,  to  which  they  form 
a  kind  of  skeleton,  as  in  the  leaves  of  Phanerogamia.  These  organs,  whieb 
are  distinguished  as  "  fronds,"  on  account  of  their  combining  the  character 
of  a  leaf  ivith  that  of  an  apparatus  of  fructification,  are  constructed  upon 
the  same  type  with  the  leaves  of  Flowering- Plants;  being  composed  of  a 
cellular  parenchyma,  inclosed  between  two  layers  of  epiderraia,  and  having 
air-chambers  to  which  access  is  given  by  stomata;  and  they  can  scarcely 
be  lesa  complete  as  organs  of  nutrition,  although  still  made  to  bear  a  share 
in  the  function  of  reproduction.  Even  in  this  respect,  however,  a  differ* 
tiBHation  exhibits  itself  in  certain  Ferns,  as  the  Ommnda  re^alts  (Pig.  28) ; 
Wose  fructification  is  restricted  to  particular  fronds,  or  parts  of  fronds, 
hence  designated  -* fertile,"  which  lose  their  foliaceous  character;  whilst  the 
remainder  bear  no  fractification,  and  are  hence  designated  as  *' sterile,"  per- 
forming the  functions  of  leaves  alone.  The  osteUBible  organs  of  fructifica- 
tion are  far  from  eonstituting  (as  they  were  until  lately  supposed  to  do)  the 
real  generative  apparatus ;  for  this  is  evolved  at  a  period  in  the  life  of  the 
plant,  at  which  its  appearance  was  totally  unexpected.    Each  of  the  ''spore- 


i^ 


Fig.  so. 


cells"  which  are  set  free  from  conceptacles  on  the  under  surface  of  the  fronds 

(Fig.  2T),  when  received  upon  a  damp  soil,  extends  itself,  by  duplicative 

tpdivision,  into  a  frondose  body  closely  resembling  the  thallus  of  the  Mar- 

FWhantia ;  it  is  in  this  that  the  "  sperm-cellB"  and  "  germ-cells"  are  evolved,  and 

I  tiiat  the  fertilization  of  the  latter,  by  self-moving  spermatoid  filaments  set 

I  from  the  former,  takes  place ;  and  from  the  embryo-cell,  which  is  the 

iuct  of  this  operation  f  there  arises — not,  as  in  the  Mosses  and  Liver- 

'worts,  a  conceptEcle  filled  with  spores,  each  of  which  may  give  origin  to  a 
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Fig.  81. 


separate  plant — ^bat  a  single  joang  Fern,  which,  having  attained  its  fiill 
development  by  daplicative  subdivision,  detaches  certain  of  its  cells,  as 
"  spores,"  to  continne  the  race  by  the  same  process.  In  this  departure  from 
the  plan  which  prevails  among  the  inferior  Cryptogamia,  we  have  an  obvious 
tendency  towards  that  of  the  Flowering-Plants :  the  entire  product  of  each 
generative  act  being  worked  up  (so  to  speak)  in  the  Fern,  as  in  the  Flower- 
ing-Plant, into  the  diversified  parts  of  a  single  organism ;  instead  of  bdng 
subdivided,  as  in  the  inferior  Cryptogamia,  amongst  an  indefinite  number 
of  independent  fabrics,  which  are  mere  repetitions  one  of  another.  Still, 
the  type  of  the  generative  apparatus  in  the  Ferns  is  essentially  Ciypto- 
gamic. — That  of  the  Equtsetacea  (Fig.  29)  appears  to  be  essentially  die 
same ;  but  in  LycopodiacetE  (Fig.  30),  Isoetacece,  and  Rhxzocarpe^e  (Pig. 
31),  there  is  a  still  closer  approximation  to  the  Phanerogamic  type,  the 
"  sperm-cells"  ("  small  spores")  being  directly  produced  by  the  parent-struc- 
ture, and  the  ''  germ-cells"  alone  being  evolved 
after  the  detachment  of  the  'Marge  spores,"  upon 
the  ''  prothallium"  into  which  each  of  these  de- 
velops itself. 

29.  The  distinctive  character  of  the  Phanero- 
GAifiA  or  ''  Flowering-Plants"  is  not  the  possession 
of  what  are  commonly  designated  as ''flowers," 
since  these  may  be  reduced  to  a  condition  in  which 
they  are  scarcely  distinguishable  from  the  fructifi- 
cation of  the  Cryptogamia.     In  fact,  the  gronp 
of  RhizocarpcJE,  in  which  the  concurrent  action 
of  the  small  and  large  spores  had  been  ascertained 
to  be  necessary  for  the  production  of  an  embryo, 
was  referred  by  many  Botanists  to  this  division,  at 
/  /  I  \   ^'       V  J)        *  period  when  the  existence  of  distinct  sexes  had 
■J^(  V    ]  )Lfi^        ^^^  ^^°  recognized   among    the  Cryptogamia 
^  Mm^^  ^fr'im*"        generally,  and  when  it  was,  in  fact,  not  merelj 
doubted,  but  usually  denied.     Still,  it  is  in  the 
peculiar  type  of  their  Generative  apparatus,  that 
the  essential  distinction  lies;   for  the  fertilizing 
process  is  performed  among  them  in  a  manner  not 
elsewhere  seen,  namely,  by  the  emission  of  a  long 
tube  from  the  "  germ-cell"  (pollen-grain),  which  finds  its  way  (often  through 
a  distance  of  some  inches)  to  the  "sperm-cell"  buried  in  the  ovule;  and  it 
is  among  them  alone  that  a  true  seed  is  produced,  in  which,  with  the  em- 
bryo, a  store  of  ready-prepared  nutriment  is  laid  up  for  its  early  develop- 
ment.    This  subdivision  of  the  Vegetable  kingdom  includes  a  vast  range 
of  species  that  differ  very  greatly  in  the  degree  of  development,  both  of 
their  nutritive  and  their  generative  apparatus ;  but  for  our  present  purpose, 
it  will  be  suflBcient  to  sketch  the  typical  plan,  which  is  more  or  less  obvi- 
ously manifested  in  the  conformation  of  the  entire  group. — If  we  analyze 
the  fabric  of  any  common  Phanerogamous  Plant,  we  fin<i  that  it  consists 
essentially  of  an  axis  and  appendages;  the  former  being  made  up  of  an 
ascending  portion  or  stem^  and  of  a  descending  portion  or  root^  with  their 
respective  ramifications;  and  the  latter  being  distinguishable  miofoKaceotta 
SLudJloral  organs,  which  will  be  presently  shown  to  be  modifications  of  the 
same  fundamental  parts.     The  axis  (Fig.  32,  a,  a  a)  is  composed  of  cellu- 
lar parenchyma,  with  a  larger  or  smaller  proportion  of  fibro-vascular  tissue ; 
and  it  is  upon  the  mode  in  which  these  components  are  arranged  relatively  ' 
to  each  other,  and  in  which  progressive  additions  are  made  to  the  diamet^ 
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of  the  axis,  that  the  distmction  is  founded  between  the  Endogenous  and 
Exogenous  types,  which  together  with  corresponding  distinctions  in  the 
structure  of  the  leaves,  flowers,  and  seeds,  affords  a  basis  for  the  subdivi- 
sion of  the  Phanerogamia  into  two  primary  classes.  From  the  central 
axis,  bundles  of  fibro-vascular  tissue  pass  down  into  the  root-fibres  which 
form  the  ultimate  ramifications  of  its  descending  portion ;  these  are  enve- 
loped in  firm  tissue,  that  limits  their  absorbent  power  to  their  extremities, 
which,  being  still  soft  and  succulent,  are  known  as  "spongioles."  On  the 
other  hand,  the  fibro-vascular  bundles  of  the  ascending  portion  of  the  axis 
pass  into  the  footstalks  of  the 

leaves;  and  their  ultimate  rami-  pj-  32, 

fications  form  the  skeletons  of 
these  organs,  the  interstices  be- 
ing filled  up  with  cellular  pa- 
renchyma, and  the  whole  being 
clothed  with  an  epidermis,  quite 
distinct  in  texture  from  the  pa- 
renchyma it  covers,  and  perfo- 
rated by  the  peculiar  apertures 
termed  "stomata"  (Fig.  156). 
Yarious  modifications  present 
themselves  in  the  form  of  the 
leaves,  and  in  the  arrangement 
of  their  component  parts;  but 
none  of  these  effect  the  essen- 
tial character  of  the  organs. 
The  modes,  too,  in  which  they 
are  arranged  on  the  stem,  pre- 
sent a  great  apparent  variety ; 
but  they  seem  all  reducible  to 
one  fundamental  type,  namely, 
a  spiral,  which  is  the  result  of 
the  radiation  of  the  append- 
ages, not  from  a  single  point, 
but  from  a  longitudinal  axis. 
When  this  plan  is  characteristi- 
cally exhibited,  the  leaves  come 
off  at  regular  intervals  along 
the  axis,  but  not  in  a  vertictd 
line  one  with  another — the 
second  not  being  above  the  first, 
but  a  little  to  one  side  of  it — 
the  third  holding  the  same  re- 
lation to  the  second — and  so 
on;  in  such  a  manner  that  a 
line  carried  through  the  points 
of  origin  of  the  successive  leaves, 
which  are  termed  "nodes,"  will 
not  only  ascend  the  stem,  but 

will  gradually  turn  round  it,  and  will  at  last  pass  through  a  point  directly 
above  the  origin  of  the  first  leaf.  The  leaves  whose  origin  has  been  inter- 
sected by  this  line,  whilst  it  makes  one  turn  round  the  stem,  are  said  to 
form  a  cycle;  and  the  number  of  leaves  which  this  cycle  contains,  is  subject 
to  great  variations.    Thus  in  Dieot^donaus  plants  generally  it  may  be  said 


A,  Ideal  Plant,  after  Sehleiden ;  a  to  a^»,  the  axis,  a 
being  the  root,  a**  a^  a^t  a>^>  and  a^  the  racces- 
siTe  intemodes  of  the  stem,  and  a^>  the  terminal  de- 
velopment of  the  axis  into  an  ovale;  ft.  rootlets;  o 
to  e^^  the  successive  foliaceons  appendages  to  the 
axis,  e  being  the  cotyledons,  c**  cU*and  c*^^  the  ordi- 
nary leaves,  c*^  the  outer  floral  leaves  or  sepals,  c^ 
the  inner  floral  leaves  or  petals,  e^^  the  stamens,  and 
c^«the  carpellarj  leaves;  d,  leaf-buds :— b,  carpel 
inclosing  an  ovule,  seen  externally  and  in  section, 
showing  a,  the  stigma,  6  the  style,  e  the  ovary:— 0, 
leaf-buds,  as  seen  externally  at  d^t  and  in  section 
atrfu. 
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to  he  Jive;  that  is,  the  sixth  leaf  will  be  directly  above  the  first,  the  eleventh 
directly  above  the  sixth,  and  so  on.  In  MonoeotyUdonM,  however,  the  typi- 
cal number  is  three;  the  foarth  leaf  being  above  the  first,  the  seventii  above 
the  fourth,  and  so  on.  There  are  cases  in  which  the  cycle  seems  to  consist 
of  only  two  leaves;  each  leaf  springing  from  the  side  of  the  stem  preciselj 
opposite  to  that  from  which  the  leaf  below  it,  as  well  as  the  one  above  it, 
arises.  The  most  common  departares  from  the  spiral  type,  shown  in  the 
disposition  of  the  leaves,  are  those  which  are  known  as  the  afiponte  and 
the  verttcillate  (or  radiate)  arrangements.  These  may  be  reconciled  with 
it  in  three  modes,  each  of  which  has  some  evidence  to  recommend  it;  and 
perhaps  the  deviation  does  not  always  take  place  in  the  same  way.^ 

30.  The  complete  Jloral  apparatus  of  Phanerogamia  consists  externally 
of  a  ''  perianth,"  composed  of  a  series  of  verticils  of  foliaceons  organs, 
which  do  not  depart  widely,  except  in  color,  from  the  ordinary  type  of  the 
leaf,  and  are  arranged  according  to  the  law  of  spiral  development  roond 
the  axis.  For  the  first  or  outermost  layer  of  the  "  perianth,"  in  a  perfectly 
regular  flower,  is  formed  of  a  whorl  of  bracts ;  the  calyx  is  composed  of  a 
whorl  of  sepals  (Fig.  32,  cr*^)  alternating  with  the  preceding ;  and  the 
corolla,  in  like  manner,  consists  of  a  whorl  of  petals  (c""),  which  alternates 
with  that  of  the  sepals,  but  corresponds  with  that  of  the  bracts.  These 
whorls,  in  many  flowers,  are  considerably  multiplied,  and  the  spiral  arrange* 
mcnt  of  their  component  parts  is  often  very  obvious ;  and,  when  such  is  the 
case  (as  in  the  Garden  Paeony),  we  may  observe  such  a  gradual  passage 
from  the  type  of  the  ordinary  leaf,  through  the  succession  of  bracts  and 
sepals,  to  the  most  characteristic  petal,  that  the  essential  conformity  of  this 
last  to  the  same  general  type  with  the  preceding  cannot  be  for  a  moment 
doubted.  In  the  flowers  of  Dicotyledons,  the  typical  number  of  compo- 
nents of  each  whorl,  as  of  that  of  the  cycle  of  ordinary  leaves,  is  j^w,  whilst 
in  the  Monocotyledons  it  is  three.  The  regularity  of  a  flower  may  be  inter- 
fered with  by  the  suppression  or  by  the  multiplication  of  whorls ;  but  the 
greatest  departures  from  archetypal  simplicity  are  tliose  which  result  from 
the  unequal  development  of  different  parts  of  the  same  whorl,  some  being 
very  imperfectly  evolved  or  even  entirely  suppressed,  whilst  others  are  extra^^ 
ordinarily  augmented  in  size,  and  strangely  altered  in  figure  and  character. 
The  scientific  Botanist,  however,  can  seldom  be  at  a  loss  in  the  investiga- 
tion of  their  real  nature,  if  he  proceed  on  the  morphological  principles 

1  Thus,  **  opposite*'  leayes  would  be  produced  in  a  plant  whoso  <<  cycle"  consisted  onlj 
of  two,  by  the  non-deyelopment  of  eyery  alternate  segment,  or  **intemode'*  of  the  stem, 
so  that  each  leaf  and  its  successor  on  Uie  opposite  side  come  to  be  dereloped  from  the 
same  part  of  the  stem,  whilst  separated  by  an  interral  from  tiie  next  pair.  But  tMf 
explanation  does  not  suit  those  cases,  in  which  the  successiye  pairs  of  leayes  are 
arranged  on  the  stem  at  right  angles  to  each  other;  and  this  arrangement  may  either  be 
attributed  to  the  deyelopment  of  two  opposite  leayes  from  each  node,  the  successiTe 
pairs  being  then  arranged  in  a  cycle  of  four;  or  to  the  existence  of  two  spirals  proceed- 
ing up  the  stem  simultaneously. — In  like  manner,  a  "yerticil"  of  fiye  leayes  originating 
fh)m  the  same  point  of  the  stem,  may  be  conceiyed  to  result  from  the  non-deyelopment 
of  the  intemodes  between  fiye  successiye  nodes;  and  it  sometimes  happens  that  leayes 
which  haye  a  ycrticillated  arrangement  at  one  part  of  the  stem,  are  spiral  at  another, 
being  separated  by  the  deyelopment  of  the  intermediate  intemodes.  But  tliis  does  not 
account  for  the  fact,  that  the  successiye  whorls  themseWes  usually  alternate  with  each 
other;  each  leaf  of  the  verticil  being  oyer  the  spaces  between  the  leayes  of  the  yerticil 
beneath  it. — And  here  agiun  it  would  seem  necessary,  either  to  imagine  that  all  the 
leayes  of  one  yerticil  may  originate  from  a  single  intemode,  or  to  suppose  seyeral  spirals 
to  be  passing  round  the  stem.  In  either  way,  howeyer,  this  yery  common  arrangement 
is  reconcilable  with  the  general  theory  of  spiral  deyelopment,  which  is  thus  readily 
carried  into  application  as  regards  the  disposition  of  the  pails  of  the  Flower. 
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^  already  explained ;  and  he  continuallj  fiuds  bis  detennjnatious  justified  by 
the  occurrence  of  '*  monstrosities,"  whicli  exhibit  a  more  or  less  complete 
,  reversion  to  the  archetypal  form  (§  82),     The  non-essential  character  of 
.  the  perianth  h  indicated  by  the  deficiency  of  one  or  more  of  its  whorls  in 
maLiy  tribes  of  Plants,  which  are  nevertheless  truly  Phttiicrogamic.     It  is 
I  intcrejbtitig  to  remark,  however,  that  the  group  of  Gpnnosperm€B,  in  which 
the  deficiency  m  motit  coin)>lete,  really  form  a  transition-step  to  the  higher 
,  Cryptogamia,  in  Tirtiie  of  certain  peculiarities  In  their  proper  generative 
I  apparatus,  which  will  be  explained  hereafter  (Chap.  XI). — It  is  within  tbe 
N  protection  of  the  perianth,  tliat  the  true  generative  organs  are  developed  j 
.end  these  consist  of  tbe  anihers  (Fig.  32»  c'*)  from  which  the  "  sperm-cells'^ 
(here  termed  pollen -grains}  are  evolved,  and  the  carpek  (c*"),  whose  aggre- 
gation forms  the  pistilj  containing  the  ovules  (a^^),  each  of  which  includes 
ft  '*  germ-celF^  imbedded  in  a  mass  of  nntritiousj  matter*  the  whole  invested 
.  by  two  or  more  seed-coats,     ^"ow  the  anthers,  which  with  tlieir  supporting 
,  *'  filaments"  constitute  the  stamens,  depart  more  widely  than  do  the  sepals 
I  and  petals  from  the  ordinary  condition  of  the  leaf;  but  it  i^  quite  certain^ 

►  alike  from  the  history  of  their  development,  from  the  scries  of  intermediate 
forms  which  some  flowers  (as  the  Nymph^a  alba,  or  white  water-lily)  pre- 

f  Bent,  and  from  their  occasional  reversion  in  monstrons  flowers  to  the  form 

►  of  petal  or  sepalf  or  even  to  that  of  the  ordinary  leaf,  that  they  too  belong 
■  to  the  same  type  of  stractttre.     The  car[)els  (b),  again,  may  be  regarded  as 

leaves  folded  together  at  the  edges  ]  ae  Is  indicated  by  their  frequent  reten- 
tion of  much  of  the  leafy  character,  even  in  the  nonnally-dcvelopcd  flower, 
and  by  their  occasional  more  or  Icbs  complete  reversion  to  the  type  of  the 
leaf  in  monstrous  blossoms,  sometimes  when  (as  in  the  common  ''doable 
cherry")  the  stamens  have  undergone  a  less  complete  transformation.  If 
the  GpnuospermSf  indeed,  the  carpellary  leaves  are  not  folded  together 
so  as  to  inclose  the  ovtiles^  which  are  dctelopcd  upon  their  internal  sur- 
faces ;  and  merely  protect  them  during  their  immaturity,  by  their  own 
mutual  adhesion. — It  is  the  general  rule  for  the  two  kinds  of  sexnal  organs 
to  be  developed  in  the  same  organism  ;  and  where,  as  is  most  commonly  the 
case,  every  flower  contains  both  stamens  and  carpels,  it  is  said  to  be  henna- 
phrodite.  There  are  certain  cases,  however,  in  which,  by  the  suppression 
of  one  or  other  of  these  whorls,  the  flowers  become  unhex^iml;  when  the 
staminlferons  or  male  flowers  are  borne  on  the  same  plant  or  tree  with  the 
pistilline,  it  is  said  to  be  monmdous;  whilst  if  the  two  sets  of  flowers  are 
developed  bj  different  individuals,  the  species  is  said  to  be  dicedom. 
This  last  arrangement,  in  which  the  generative  apparatus  attains  its  highest 
degree  of  differentiation,  is  comparatively  infrequent ;  but  we  find  examples 
of  it  in  several  groups  of  Cryptogainia,  as  well  as  among  Phanerogamia. 

3L  The  "  embryo-cell,^'  which  is  formed  within  the  genn-cell,  after  the 
admixture  of  the  contents  of  the  sperm-cell  mth  its  own  by  the  means 
already  adverted  to,  develops  itself  by  duplicative  subdivision,  just  as 
among  the  lowest  Cryptogamia;  but  the  nourishment  which  it  requires  for 
the  continuance  of  this  operation  Is  furnished  by  the  store  previously  laid 
up  ijj  the  ovule ;  and  the  entire  mass  of  cells  thus  formed,  instead  of  sub* 
dividing  to  constitute  a  multitude  of  independent  organisms,  remains  con- 
nected so  as  to  form  but  a  single  fabric  ;  and  this  exhibits  at  a  very  early 
period  a  tendency  to  become  heterogeneous,  by  tlie  development  of  distinct 
■organs,  every  kind  of  organ,  however,  being  very  numerously  repeated. 
Ij'or,  at  the  time  that  the  seed  la  detached,  as  a  self-sustaining  structure, 
Ifrom  the  parent,  the  embryonic  rudiments  of  the  stem  and  root  are  already 
^formed,  and  a  temporary  leaf-like  expansion,  the  single  or  double  cotyledc 
5 
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(Fig.  32,  A,  c)  is  prepared  to  evolve  itself;  whilst  a  sapplj  of  nutriment  for 
its  farther  development  is  stored  ap  within  it,  either  forming  a  separate  sAhn- 
men  external  to  the  embryo,  or  being  contained  within  its  cotjledons, 
which  are  in  that  case  thick  and  fleshy.  The  subsequent  evolution  of  the 
plant,  of  which  **  germination"  is  the  first  stage,  consists  in  the  progressiTe 
development  of  the  ascending  and  descending  axes  and  of  their  respective 
ramifications,  these  remaining  permanent ;  and  in  the  evolution,  from  the 
ascending  axis,  of  a  succession  of  mutually  similar  appendages,  folioceons 
and  floral,  which  have  only  a  temporary  existence,  each-  set  being  in  its 
turn  replaced  by  another.  Thus  the  individuality  of  the  whole  fabric  is 
maintained,  whilst  a  continual  change  is  taking  place  in  certain  of  its  com- 
ponent parts. 

32.  It  is  with  the  performance  of  the  true  generative  act,  and  the  conse- 
quent production  of  a  new  embryo-cell,  that  each  **  new  generation"  origin 
nates.  But  it  is  not  in  this  mode  alone,  that  Phanerogamic  Plants  (for  Ske 
most  part  at  least)  are  multiplied.  For  each  leaf-bud  usually  possesses 
within  itself  the  capacity  of  putting  forth  roots,  when  separated  from  the 
parent  stock  and  placed  in  circumstances  favorable  to  its  gprowth,  so  that  it 
thus  becomes  capable  of  maintaining  an  independent  existence,  and  of 
developing  itself  into  a  perfect  Plant ;  and  there  are  some  Phanerogamia 
which  spontaneously  detach  leaf-buds  or  ''  bulbels,"  and  which  thus  multi- 
ply themselves  after  a  manner  analogous  to  that  which  prevails  so  remark- 
ably among  the  lower  Cryptogamia.  This  is  pre-eminently  the  case,  for 
example,  with  the  common  Lemna  (duck-weed),  each  plant  of  which  con- 
sists of  but  a  single  foliaceous  body,  with  a  root-fibre  hanging  from  its 
under  surface ;  this  puts  forth  buds  from  its  margin ;  and  these  buds,  early 
detaching  themselves  from  their  stocks,  henceforth  maintain  an  independent 
existence,  so  that  the  plant  thus  becomes  rapidly  multiplied  by  gemmation, 
large  surfaces  of  water  being  covered  by  the  growth  proceeding  from  a  sin- 
gle individual,  without  the  intervention  of  any  process  of  generation.  It 
is  interesting  to  remark  that  this  little  plant  seems  to  hold  almost  the  same 
relation  to  Phanerogamia,  that  the  lowest  Protophyta  do  to  Cryptogamia. 
For  it  scarcely  presents  any  distinction  of  parts,  the  leaf  and  stem  being 
fused  together  into  a  single  flattened  lobe,  whilst  the  organs  of  reproduc- 
tion are  reduced  to  their  very  simplest  form,  being  developed  in  a  slit  in  its 
edge.  Its  texture,  too,  is  of  the  simplest  kind,  being  composed  of  scarcelj 
anything  but  ordinary  cellular  tissue.  And  the  developmental  process  here, 
as  in  the  Protococci,  consists  in  the  multiplication  of  organs  which  repeat 
each  other  in  every  particular,  and  which,  having  no  relation  of  mutual 
dependence,  can  exist  as  well  detache^  as  coherent ;  instead  of  tending,  as 
in  the  higher  forms  of  Vegetable  li£,  to  the  evolution  of  a  single  fabric, 
whose  several  parts  present  a  marked  differentiation  of  external  form  and 
of  internal  structure,  and  have  such  a  functional  dependence  on  one  another, 
that  they  can  only  exist  as  living,  bodies  so  long  as  they  remain  mutually 
connected. 

33.  Animal  Kingdom. — Turning,  now,  to  the  other  great  division  of  the 
Organized  Creation,  we  shall  in  the  first  place  examine,  as  in  the  previous 
case,  what  is  the  highest  form  under  which  its  life  expresses  itself.  The 
whole  nisus  of  Vegetative  existence  consists  in  the  activity  of  the  organs 
of  Nutrition  and  Reproduction ;  but  on  the  other  hand,  the  nisus  of  Ani- 
mal life  tends  towards  the  evolution  of  the  faculties  of  Sensation  and  of 
Self-determined  motion,  and,  in  its  highest  manifestation,  to  that  of  the 
Intelligence  and  Will.  The  instruments  of  these  faculties,  however,  are  in 
the  first  place  developed,  and  are  afterwards  sustained,  by  the  Organic 
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apparatus  with  which  thej  are  connected ;  whilst,  in  their  turn,  thej  become 
.BTibsennent  to  i^  operations;  bo  that,  in  those  forms  of  Animal  existence, 
>  in  which  there  is  the  greatest  differentiatioa  of  organs,  there  is  at  the  same 
\  time  the  closest  relation  of  mutual  dependence  in  their  actions  ;  and  everv- 
^ thing  tends  to  render  the  entire  product  of  each  generative  act  a  iia^k 
,  indkndual,  m  the  most  restricted  sense  of  that  term,  no  multiplication  bj 
J, the  subdiTiBion  of  that  product  ever  taking  place  (save  as  a  monstrositv), 
but  the  whole  of  it  erolving  itself  into  a  congeries  of  differeut  but  mutually 
related  organs.  It  is  only  in  the  higher  forms  of  Animal  existe»ce,  how- 
ever, that  we  meet  with  this  complete  iadividualization,  and  this  marked 
predominance  of  the  animal  over  the  vegetative.  In  a  large  proportion  of 
jthe  beings  composing  this  kingdom,  the  apparatus  which  h  subserrient  to 
^the  strictly  animal  functions  is  scarcely  differentiated  from  that  which  minis- 
»ters  to  organic  life  j  in  many  of  the  cases  in  which  the  former  is  separately 
distinguished,  it  seems  but  a  mere  appendage  to  the  latter;  and  it  is  only 
.  in  the  highest  or  Yertel>rate  type,  that  we  find  the  general  plan  of  the 
.  fabric  distinctly  arrangeil  with  special  reference  to  the  manifestations  of 
u Animal  power,  which  involve  the  exercise  of  its  highest  attribute — Intel- 
^ligenee^  The  nearest  approacli  to  this  is  made  in  the  higher  forms  of  the 
Articulated  series ;  in  which  a  vei^  remarkable  degree  of  developmeut  is 
given  to  the  instruments  of  tlie  lower  aainml  powers,  especially  the  loco- 
motive apparatus  j  and  in  which  the  general  plan  of  structure,  and  the 
arrangement  of  the  nutritive  apparatus,  have  evident  reference  to  this. 
Bat  in  the  MoUusca,  we  find  a  marked  predominance  of  the  Yege tat ive 
apparatus  j  it  being  in  only  a  small  proportion  of  the  group,  that  there  Is 
any  considerable  power  of  moTement,  And  in  the  liadiata,  it  becomes 
obvious  that  the  general  plan  has  reference  rather  to  the  '*  vegetative  repe- 
tition" of  the  organs  of  Kutrition  and  Reproduction  than  to  any  raanifegta- 
tion  of  the  higher  Animal  powers  ;  the  apparalug  for  which,  in  so  far  as  it 
is  developed,  exhibits  a  like  repetition  of  siniihir  parts* — Notwithstanding 
the  diversity  of  these  types  of  structure,  however,  and  the  marked  differ- 
ences  which  they  present  in  regard  to  the  relative  development  of  their 
several  organs,  we  observe  in  the  higher  forms  (at  least)  of  each  of  them,  a 
differentiation  of  all  the  most  important  parts  by  which  the  Animal  is  espe- 
cially characterized.  For  wo  find  in  each  tvpe  a  dif/estive  cavity  for  the 
reception  and  preparation  of  aliment  j  chylij^ermi  vhannek  or  vusdA,  into 
which  the  liquid  prepared  by  the  digestive  process  transudes  from  this 
cavity,  to  be  conveyed  to  the  remoter  parts  of  the  organism ;  a  cireidathig 
iysttm^  by  which  the  distribution  of  the  nutritive  fluid  is  eflTected,  the  sur* 
plus  materials  brought  back,  and  the  waste  or  refuse  matter  removed  from 
the  tissues  and  conveyed  for  elimination  to  appropriate  organs ;  a  respira- 
tory surface,  through  which  the  circulating  fluid  is  exposed  to  the  influence 
of  atmospheric  air  ;  Mtcrttin^  ghnd»  for  the  separation  of  certain  products 
from  the  blood,  either  for  its  purification,  or  for  special  uses  in  the  economy, 

[or  for  both  purposes  combined;  generative  organs^  in  which  *' sperm-cells, " 
or '*  germ-cells,'^  or  both,  are  developed,  the  latter  being  inclosed  (as  in 
Phanerogamous  riants)  in  a  store  of  nutriment  prepared  for  the  nutrition 
of  the  germ,  so  as  to  constitute  an  ovum  ;  organs  of  support  and  protection^ 
forming  a  "  skeleton"  of  some  kind,  either  external  or  internal;  organs  of 
Memaiion ;  organs  of  comcioumess  and  Melf-direetion  ;  and  organs  of  loco- 
motion. 
34.  It  is  true  that  in  the  least  deteloped  forms  of  each  type,  w*e  may  find 
aome  or  other  of  these  organs  but  Uttle  distinguished  from  the  general 
fitructare,  or  even  entirely  absent  j  but  the  proportion  of  such  forms  is 
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smaller,  the  higher  we  ascend  in  the  scale.  Thas,  in  a  large  part  of  tbe 
Radiated  series,  there  is  bat  little  differentiation  of  the  sererd  parts  of  the 
natritive  apparatos ;  and  although  the  reproductive  is  nearly  always  Tery 
distinct  from  it,  yet  even  this  is  scarcely  segregated  in  the  lowest  examples 
of  the  type :  whilst  even  the  very  slight  development  which  the  organs  of 
animal  Ufe  attain  in  the  higher  Radiata,  is  altogether  wanting  in  the  lower, 
among  which  they  are  not  distinguishable  by  any  structural  mark. — ^Bnt  in 
the  Molluscous  series,  it  is  only  among  the  very  lowest  that  we  have  a  diffi- 
culty in  distinguishing  all  the  essential  parts  of  the  apparatus  of  nutrition 
and  reproduction,  the  absorbent  and  circulating  apparatus  being  usually 
that  which  is  most  imperfectly  developed ;  and  although  the  organs  of  sense 
and  locomotion  are  not  evolved  in  the  same  proportion,  we  never  fail  to  find 
a  nervous  ganglion,  which  must  be  considered  as  marking  the  existence  of 
some  degree  of  consciousness.^ — On  the  other  hand,  in  the  lowest  forms  of 
the  Articulated  series,  it  is  the  imperfection  of  the  nutritive  apparatus  which 
most  strikes  us;  and  although  distinct  sensori-motor  organs  are  there  also 
very  deficient,  yet  they  present  themselves  very  prominently  in  higher  parts 
of  this  series,  in  which  the  type  of  nutritive  system  is  still  comparatively 
low. '  In'  both  these  sub-kingdoms,  however,  it  is  only  in  a  small  propor- 
tion of  each  series  respectively,  that  we  fail  to  discern  all  the  essential  parts 
of  the  assemblage  of  organs  just  now  enumerated ;  those  higher  forms  of 
each,  in  which  the  differentiation  is  complete,  constituting  the  great  bnUk 
of  its  entire  series,  instead  of  being,  as  among  the  Radiata,  exceptional  as 
to  number,  and  probably  to  be  so  considered  in  regard  to  type  likewise.* — 
Now,  in  the  Vertehrated  series,  the  complete  differentiation  of  all  these 
structures  is  nearly  the  invariable  rule ;  it  being  only  in  one  of  the  very 
lowest  fishes  (the  Amphioxus)  that  we  meet  with  such  an  imperfect  develop- 
ment of  any  of  the  systems  above  enumerated,  as  reminds  us  of  those 
simpler  organisms  in  which  they  are  absolutely  deficient.  There  is  another 
point  of  interest  nearly  related  to  the  preceding,  in  regard  to  which  these 
primary  types  of  Animal  conformation  present  a  marked  contrast ;  and  this 
is  the  degree  in  which  they  are  severally  capable  of  being  multiplied  by 
gemmation.  This  power  exists  among  Zoophytes  in  exactly  the  same  de- 
gree as  among  the  higher  Plants ;  for  whilst  the  gemmae,  in  the  former,  as 
in  the  latter,  usually  remain  connected  with  the  parent-stock,  they  are  capa- 
ble of  maintaining  their  existence  if  detached,  and  are  regularly  thrown  off 
in  some  species,  so  as  to  become  independent  organisms,  possessing  all  the 
capabilities  of  that  from  wl^ich  they  have  separated  themselves ;  and  in  the 
very  simplest  Zoophytes  (as  the  Hydra),  we  even  find  a  capacity  for  repro- 
ducing the  entire  fabric  to  lie  in  every  fragment  of  the  body,  just  as  a  frag- 
ment of  the  leaf  of  Bryophyllum  will  give  origin  to  an  entire  plant  (§  21, 
note).  A  like  capacity  exists  in  the  lowest  group  of  the  Mollusca,  which, 
in  this  and  in  many  other  particulars,  closely  borders  upon  Zoophytes.  It 
is  only  among  a  very  small  number  of  the  lowest  Articulated  animals,  how- 
ever, that  this  method  of  multiplication  presents  itself.  And  among  Verte- 
brata  it  seems  entirely  wanting  as  a  regular  habit,  although  there  is  reason 
to  think  that  it  may  occasionally  occur  as  an  abnormality,  at  that  early 
period  of  the  evolution  of  the  germ  when  its  grade  of  development  has  not 
advanced  beyond  the  Zoophjrtic  stage  (Chap.  XI.). 

35.  Underljring  these  well-marked  types  of  Animal  organization,  how- 

*  In  the  Author's  opinion,  the  Zoophytes,  not  the  Echinodennata,  are  the  types  of 
the  Radiated  wtiw.—OaMteropoda  of  the  Molluteous  f—lruectt  of  the  Articulated;  and 
Mammals  of  the  Vertebrated, 
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ever,  there  is  a  gronp  of  beings  which  cannot  be  regarded  as  presenting 
even  a  rudiment  of  the  plan  of  conformation  that  is  characteristic  of  any 
one  of  them,  and  in  which  scarcely  any  differentiation  of  organs  is  to  be  dis- 
cerned— a  gronp,  in  fact,  which  holds  a  rank  in  the  Animal  kingdom,  that 
is  precisely  parallel  to  that  of  the  Protophtfia  in  the  Yegetable  (§  22),  and 
which  may  therefore  be  appropriately  designated  Protozoa.  Between  these 
two  groaps,  indeed,  no  definite  line  of  demarcation  can  be  drawn;  and  the 
same  beings  have  been  reckoned  as  Plants  or  as  Animals,  according  to  the 
particular  views  of  the  classifier  in  regard  to  the  mode  in  which  they  should 
be  distinguished. .  A  large  proportion  of  the  Protozoa  consists  of  single 
cells,  or  of  aggregations  of  cells  in  which  there  is  no  differentiation  of  cha- 
racter ;  and  in  the  lowest  forms  of  them,  there  is  not  even  that  distinctness 
of  the  cell-wall  from  the  cell-contents  which  exists  in  every  completely- 
developed  cell,  but  the  whole  forms  one  mass  of  living  jelly  (Fig.  33).  The 
animal  character  of  this,  however,  is  marked  in  its  mode  of  nutrition;  for 
it  does  not  draw  its  aliment,  like  the  Protophytes,  from  the  surrounding  air 
and  moisture,  but  is  dependent  for  its  support  upon  organic  substances 


Fig.  a3. 


V 

Atnaba  prmeept,  in  different  forms.  A,  B,  o. 


previously  elaborated  by  other  beings,  which  it  envelopes  with  its  own  jelly- 
like substance,  and  of  which  it  gradually  dissolves  and  appropriates  that 
which  is  fitted  for  its  own  increase. .'  .The  animal  character  of  this  body  is 
also  indicated  by  its  movements ;  for  although  the  "  zoospores"  of  the  Pro- 
tophyta  and  lower  Algee  are  rapidly  propelled  through  the  water  by  ciliary 
action,  yet  they  do  not  exhibit  that  motion  of  one  part  upon  another,  which 
is  often  seen  in  the  simplest  Protozoa.  But  there  are  as  yet  no  special  in- 
struments either  for  sensation  or  for  motion.  As  every  part  of  the  body  is 
equally  adapted  for  digestion,  for  absorption,  for  circulation,  for  respiration, 
and  for  secretion,  so  does  every  part  appeiar  equally  capable  of  receiving 
impressions  made  upon  it,  and  of  responding  'to  them  by  a  contractile 
movement.  From  this  starting-point  .we  may  proceed  in  either  of  two 
directions ;  for  we  find  in  the  Infusory  Animalctaes  a  tendency  to  the  indi- 
vidualization of  the  single  cell,  which  seems  to  attain  in  them  its  highest 
development  as  a  separate  entity ;  whilst  in  the  Rhizopoda  (Foraminifera) 
and  Porifera  (Sponges)  we  find  aggregations^  of  gelatinous  bodies  (which 
present  more  or  less  distinctly  the'  characters  of  true  cells)  assuining  cer- 
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tain  definite  types  of  form,  and  approaching  the  individoality  of  higher 
organisms. — In  the  tme  AmmalctUes  (excluding  the  Rhizopods  and  the 
Protophyta  which  have  been  confounded  with  them)  we  find  an  obvioiu 
distinction  between  cell-wall  and  cell-cavitj ;  there  is  a  definite  opening  Into 
the  latter,  through  which  food  is  introduced,  instead  of  its  being  reeeired 
into  any  part  of  the  mass ;  and  there  is  frequently,  also,  a  second  orifice, 
through  which  indigestible  particles  are  expelled.  Moreorer,  the  locomo- 
tion of  these  beings  is  performed,  as  in  the  Protophyta,  by  the  agency  of 
cilia ;  these  being  prolongations  of  the  cell  itself,  to  which  the  contractile 
power  is  especially  delegated.  Their  multiplication  is  ordinarily  accom- 
plished, like  that  of  the  Protophyta,  by  duplicative  subdivision ;  and  in 
this  way  a  vast  number  of  similar  beings  may  be  produced,  each  of  which 
is  a  repetition  of  the  rest,  and  lives  altogether  independently  of  them.  But 
it  seems  probable  that,  like  the  Protophyta,  they  have  a  proper  generative 
process,  consisting  in  the  "conjugation"  of  two  similar  cells;  no  sexual 
distinctions  as  yet  manifesting  itself  between  these,  and  both  of  them  appa- 
rently contributing  in  the  same  manner  and  degree  to  the  production  of  the 
germ. — In  the  Rhizopoda,  we  find  the  simple  jelly-like  mass  extending  itself 
by  gemmation,  and  at  the  same  time  very  commonly  forming  a  calcareous 
envelop  upon  its  exterior ;  whilst  through  apertures  in  this  are  put  forth 
extensions  (pseudapodia)  of  the  soft  substance  in  its  interior,  through  which 
the  introduction  of  nutriment  into  the  body  seems  to  be  chiefly  eflTected. 
Notwithstanding  the  small  amount  of  differentiation  which  appears  to  exist 
among  the  several  products  of  gemmation,  yet  a  strong  tendency  to  indivi- 
dualization in  the  entire  aggregate  is  shown  in  the  very  definite  plan  of 
growth  which  each  species  exhibits,  as  is  most  obviously  seen  in  Immmu' 
tites  and  other  higher  forms  of  Foraminifera.  Of  the  mode  of  multiplica- 
tion of  these  animals,  nothing  is  yet  known.  In  the  Poriftra,  or  Sponges, 
there  is,  with  less  definiteness  of  configuration  in  the  aggregate  mass  pro- 
duced by  gemmation  from  the  single  primordial  cell,  a  much  higher  degree 
of  mutual  interdependence ;  for  we  now  find  the  component  particles  so 
arranged  as  to  form  the  rudiments  of  differentiated  organs,  whilst  the  gene- 
ral plan  of  structure  approaches  that  which  we  meet  with  among  the  lower 
Zoophytes,  in  whose  fabrics  the  individuality  of  the  components  is  still 
more  completely  merged  in  that  of  the  organism  as  a  whole.  For,  in  the 
first  place,  we  have  a  marked  distinction  between  the  internal  fibrous  skele- 
ton and  the  soft  flesh  which  clothes  it ;  and  these  components  have  a  very 
definite  and  characteristic  arrangement,  which  varies  in  different  parts  of 
the  mass ;  being  dissimilar,  near  the  external  surface,  and  around  the  in- 
ternal canals,  to  that  which  prevails  in  the  intervening  substance.  Again, 
in  the  system  of  absorbent  pores  for  the  entrance  of  liquid,  and  of  ramify- 
ing canals  for  its  discharge,  we  have  the  first  rudiment  of  a  digestive  and 
circulatory  apparatus,  not  yet  marked  off,  however,  from  the  general  cavity 
of  the  body.  And  although  the  organs  of  nutrition  do  not  present  any 
further  specialization,  yet  those  of  reproduction  are  differentiated  from  them, 
and  are  limited  to  particular  parts  of  the  mass.  Even  in  this  lowest  form 
of  an  aggregate  Animal,  there  is  reason  to  believe  that  a  true  ovxim  is  pro- 
duced ;  so  that  we  here  already  advance  to  the  same  essential  type  of  gene- 
ration, as  that  which  prevails  in  the  highest  plants. 

36.  Among  the  four  definite  types  of  structure  under  which  all  the  higher 
forms  of  Animal  organization  may  be  ranked,  the  Radiated,  as  already  re- 
marked, unquestionably  holds  the  lowest  rank :  in  virtue  alike  of  the  close 
conformity  of  its  general  plan  to  that  which  prevails  in  the  higher  Plants ; 
of  that  predominance  of  its  Vegetative  or  Nutritive  apparatus  over  that  of 
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Aniraal  life,  which  is  eoBspicuoas  even  in  its  higher  types;  and  of  that  very 
iiu|>crfeet  different iation  of  the  organs  of  the  former,  which  preTalls  through 
the  larger  part  of  the  gmnp.  Eueh  of  tliei?e  points  will  now  be  noticed 
ill  some  detail — The  ratNal  ^yminetr^  must  be  regarded  a^  in  itself  a  rege- 
tativc  character,  for  it  corresponds  with  that  which  is  seen  in  the  disposi- 
tion of  the  appeufiages  around  the  axis  in  the  leaf-bnds  and  flower-buds  of 
plants ;  and  it  is  intiEOatelj  conEocted  with  another  veg^etativo  character, 
the  repetiHon  of  similar  parts.  Thus,  in  the  animals  in  which  it  prevails, 
we  find  the  central  mouth  to  be  surrounded  externally  by  a  circular  series 
of  prehensile  appendaj^es  \  which  may  be  mere  oral  tentacles,  as  in  the 
Polypes  (Figs.  34,  35),  the  Medmm  (Fig*  93),  and  the  Hohlhtma  (Fig* 
iO),  true  arms,  as  in  the  OpMura  and  Comatula  (Figs*  8,  38),  or  divisions 
of  the  body  itself,  as  in  the  Siar-jkh  (Fig*  ST)*  In  the  arrangement  of  the 
internal  organs,  a  similar  character  is  exhibited;  that  is,  a  circular  disposi- 
tion of  parts  which  precisely  repe|t  each  other*  There  are,  it  is  true,  modi- 
fieatious  of  the  radial  type  in  certain  aberrant  forms  of  the  group,  which 
tend  towards  a  bi-lateral  symmetry  \  but  these  are  comparatively  rare  ex- 
ceptions, whicli  it  IS  only  necessary  here  to  mention*  It  is  not  only  in  their 
radial  symmetry,  however,  that  the  animals  of  this  division  are  conformable 
to  the  type  of  the  higher  portion  of  the  Vegetable  kingdom;  for  this  con- 
formity is  equally  i^hown  by  a  large  proportion  of  the  group,  in  the  develop- 
ment of  eompOBite  structures  l>y  gemmation*  From  a  single  polype,  as 
from  a  single  leaf-bud,  an  arborescent  structure  msy  l>e  evolved,  bearing 
hundreds  or  even  thousands  of  polype-bodies,  all  originating  from  the  first, 
and  maintaining  an  intimate  organic  connection  with  each  other  ^  thus  bear- 
ing a  close  physiological  resemblance  to  a  tree,  and  requiring  to  be  con- 
iidered  (like  itj  as  a  single  individual,  although  its  several  membcrB  have 
BO  relation  of  mutual  interdependence,  and  can  maintain  a  separate  exist- 
ence if  detached.  It  is  not  to  be  wondered  at,  then,  that  the  older  Natur- 
alists, who  were  only  acquainted  with  the  skeletons  of  Zoophytes,  should 
have  considered  them  as  vegetable  structures,  and  that  many  of  them  should 
even  now  be  popularly  regarded  in  that  light ;  whilst  even  the  movements 
exhibited  by  the  living  polypes,  not  being  apparently  very  different  in  na- 
ture from  those  performed  by  the  Sensitive*Plant,  or  the  Tenns^s  Fly-trap, 
did  not  seem  sufficient  to  establish  their  animal  nature*  This  extension  of 
the  original  fabric  by  gemmation  may  take  place  among  Zoophytes  to  an 
indefinite  extent;  and  the  mode  in  which  it  occurs  is  the  chief  determining 
cause  of  the  particular  tj7>e  or  plan  of  growth  which  is  traceable  in  each 
species,  but  which  is  liable  to  great  variation  from  the  influence  of  external 
conditions*  In  nearly  all  the  members  of  the  class  of  Acakphm,  it  seems 
to  take  place  at  Bome  period  of  life  or  other;  for  although  we  find  few 
traces  of  it  in  the  fully  developed  Mcdmm,  yet  (as  will  be  shown  hereafter, 
Chap.  XI,)  multiplication  by  gemmation  takes  place  to  an  extraordinary 
extent  during  the  early  stages  of  their  existence  ?  and  in  some  of  the  lower 
forms  of  the  grouj),  eai»ecially  those  which  closely  approximate  to  the 
Zoophytic  type,  it  continues  during  the  whole  of  life,  and  gives  rise  to 
those  composite  fragments  of  the  Virrhigrade  and  Phymgrude  orders, 
which,  until  the  recent  dtscoter}'^  of  their  true  character,  have  heen  a  source 
of  so  much  perplexity  to  Naturalists*  In  the  class  Echhiodermata,  multi- 
plication by  gemmation  very  seldom  takes  ^ace ;  but  its  members  retain 
throughout  their  lives  an  extraordinary  measure  of  that  power  of  repro- 
ducing lost  parts,  of  which  the  production  of  fin  entire  organism  by  gem- 
mation is  only  a  higher  manifestation. 

3T-  The  low  development  of  the  proper  Animal  powers  in  Radiated 
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animals,  as  compared  with  their  Yegetatire  actiyity,  is  one  of  the  most  re-' 
markable  features  of  the  group  taken  as  a  whole ;  nor  are  there  anj  excep- 
tions to  this  general  character.  In  none  of  the  true  ZoaphyUt  is  the  nerroiui 
system  differentiated  from  that  general  fibro-gelatinons  tissue  of  which  the 
entire  bodies  are  composed ;  every  part  seems  more  or  less  imprefsionable 
and  contractile,  although  these  attributes  are  most  strongly  displayed  ia 
the  oral  tentacula ;  and  there  is  no  evidence  that  the  respondence  to  ex- 
ternal impressions  which  is  probably  the  source  of  all  their  movements, 
proceed  from  any  distinct  consciousness  of  these  impressions.  It  is  in  the 
AcalephcB,  that  the  first  traces  present  themselves  of  nervous  system,  and 
of  organs  peculiarly  fitted  to  receive  sensory  impressions ;  but  it  is  proba- 
ble that  a  large  part  of  the  movements  executed  by  even  these  animals,  are 
not  dependent  upon  any  influence  transmitted  through  this  apparatus.*  In 
the  Echinodermata,  whose  organs  and  tissues  attain  a  far  higher  grade  of 
development,  the  nervous  system  is  morexlearly  marked  out ;  and  the  dis- 
tinction between  nerve-cords  and  ganglionic  centres,  which  has  not  yet 
been  clearly  established  in  the  Acalephse,  may  be  unmistakably  affirmed 

to  exist.    There  are  also  rudiments 


Fig.  84. 


A,  ffydra/u9caf  or  Brown  Fresh-water  Poly- 
pe, attached  to  a  piece  of  stick,  with  its  arms 
extended,  as  in  search  of  prey;  a,  the  mouth 
rarronnded  by  tentacula;  b,  foot  or  base,  with 
its  ractorial  disk :  at  b  is  seen  a  portion  of  one 
of  the  arms  near  its  origin,  and  at  c  another 
portion  near  its  termination,  more  highly  mag- 
nified. 


of  eyes  in  certain  members  of .  this 
class ;  and  there  is  some  evidence ' 
that  their  movements  are  directed 
by    visual    impressions    received 
through  these  organs. 

38.  Between  the  lowest  and  the 
highest  members  of  the  Radiated 
series,  there  is  a  very  marked  con- 
trast in  regard  to  the  differentia- 
tion of  the  principal  org^ans  of 
Yegetative  life ;  but  a  number  of 
intermediate  gradations  present 
themselves,  which  establish  a  tole- 
rably complete  transition  from  the 
one  condition  to  the  other. — ^Com- 
mencing with  the  Hydra  (Fig. 
34),  we  find  the  digestive  appa- 
ratus reduced  to  a  state  of  the 
greatest  simplicity,  the  whole  body 
seeming  to  be  nothing  else  than  a 
stomach,  with  a  circle  of  prehen- 
sile tentacula  around  its  orifice, 
which,  being  single,  and  serving 
alike  for  the  reception  of  food  and 
for  the  ejection  of  its  indigestible 
portions,  must  be  considered  as  re- 
presenting in  itself  the  cardiac  and 
pyloric  orifices  of  the  stomachs  of 
higher  animals.  The  wall  of  this 
'cavity  and  the  general  integument 
of  the  body  are  so  closely  connected 
together,  as  to  seem  like  two  layers 
of  one  and  the  same  membrane; 
there  are,  however,  some  lacunar 
spaces  between  them,  constituting 
the  first  indication  of  that  **  general 
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cavity  of  the  body'^  whieh  exists  in  almost  every  other  animal,  and  which 
performs,  as  we  shall  see,  very  important  functions;  and  these  lacunar 
spaces  communicate  with  similar  cav^tic3^  in  the  interior  of  the  teutacula. 
There  does  not  yet  appear  to  be  any  decided  structural  or  functional  differ- 
entiation between  the  layer  which  lines  the  stomach  and  that  which  clothes 
the  body ;  since  each  can  perform  all  the  offices  of  the  other^  as  is  shown 
by  the  result  of  Trembley's  well-known  experiment.  No  circulating  ajipa- 
ratus  is  yet  distinguishable,  the  autritiTe  liquid,  which  is  the  product  of  the 
digestive  operation,  being  at  once  absorbed  from  the  parietes  of  the  stomach 
iato  the  general  substance  of  the  body  and  arms ;  nor  is  there  any  special 
respiratory  or  secretory  apparatus.  Even  the  generative  organs,  which  are 
usually  the  first  to  be  dilTerentiated  from  the  rest  Of  the  fabric,  cannot  here 
be  ifrstingaished ;  for  ovules  and  sperm-cells  are  evolved  ia  the  substance 
of  the  ordinary  tissue ;  and  the  only  indication  of  their  specialization  is 
afforded  by  the  restriction  of  their  production  to  particular  situations,  the 
sperm-cells  usually  making  their  appearance  just  beneath  the  arms^  whilst 
the  ovules  protrude  nearer  the  foot.  The  homogeneousness  of  the  entire 
body,  however,  is  most  remarkably  evinced  in  the  facts,  that  genun^ie  which 
develop  themselves  into  new  Hydree  sprout  almost  indifferently  from  any 
part  of  it,  and  that  a  minute  fragment  from  any  region  will  (under  favor* 
able   circumstances)    regenerate 

the   whole.      In   the   composite  Pig,  85, 

fabrics  which  are  formed  after 
the  Hydraform  type  (Fig.  99), 
the  consolidation  of  the  external 
integumeat  necessitates  several 
other  changes ;  aqiongst  the  rest, 
the  evolution  of  a  special  re  pro* 
d active  apparatus,  aod  the  sepa* 
ion  (within  the  polype-eells) 
'  %  wall  of  the  stomach  from 
the  external  integument,  so  as  to 
commence  the  formation  of  the 
^'general  cavity  of  the  body," 
This,  however,  is  carried  much 
further  in  the  Actinia  (Fig,  35), 
and  in  all  the  Polypes  formed 
npon  its  type;  for  in  these  w<^ 
find  the  stomach  suspended  (as 
it  were)  in  a  large  space,  which 
is  subdivided  by  radiating  parti- 
tions ;  and  it  is  in  the  chambers 
thus  formed  (which  are  prolonged 
into  the  interior  of  the  tentacula) 
that  the  generative  apparatus  is 
situated.  Very  distinct  organs  for  the  prodnction  of  sperm^cells  ^r  of  ova 
are  here  evolved;  these  organs  (according  to  late  researches,  Chap.  XI,) 
not  being  combined  in  the  same  individaals.  There  is  still  a  direct  con- 
nection between  the  interior  of  the  digestive  sac  and  the  general  cavity  of 
the  body,  by  an  apertare  at  the  bottom  of  the  former;  and  through  this, 
the  nutritive  products  of  digestion  Hud  their  way  into  the  surrounding 
cavity,  mingled  with  the  water  wliieh  is  introduced  through  llie  mouth. 
This  is  the  only  mode  in  which  the  tissues  are  nourished,  as  there  is  not 
yet  ftny  special  circulating  apparatus ;  and,  in  like  manner,  it  is  only  by  the 


Dim  gram  no  II  tic  f^elioti  of  Actinia,  jliowing  iti 
inti^rnal  atruistore; — n,  o,  base  or  foot;  f^,  6,  oral 
difk;  c,  e,  tentaonln;  d»  inoutb;  r,  strnnacli;  ^^^^ 
l\  kf  verlical  partUiotis  ciiit  across  In  difleretit  dU 
reetiofii^  ff'*'?'*  Rp«rturea  iti  tbeEc;  h^  pa«j£ig€i 
opetjinjc  into  the  tenlntuta;  ?,  l,  teatet  or  orntiaj 
vhmt  ilirerouB  filiimcDtt. 
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expulsion  of  the  dnid  tliat  has  remained  for  some  time  in  the  general  cm^ 
yitj,  that  the  excretory  products  which  hare  foond  their  way  into  it  from 
the  tissnes,  can  be  carried  oat  of  the  body,  in  those  species  which  have  no 
orifices  at  the  extremities  of  the  tentacnla.  Thas  the  very  same  liquid 
answers  all  the  purposes,  in  these  simply-formed  animals,  which  are  served 
in  Yertebrata  by  chyme,  chyle,  arterial  blood,  and  Tenons  blood ;  and  it 
also  serves  as  a  medium  for  respiration,  the  external  integument  being 
usually  so  thickened  and  hardened,  that  the  Amount  of  aeration  of  the 
interstitial  fluids  which  takes  place  through  it  must  be  extremely  limited, 
in  comparison  with  that  which  will  be  carried  on  through  the  delicate  mem- 
branes clothing  the  internal  surfaces.  Thus,  with  some  very  important 
points  of  differentiation,  Ihe  general  type  of  these  animals  remains  ex- 
tremely low ;  and  their  power  of  multiplying  by  gemmation,  and  of  repro- 
ducing lost  parts,  in  which  they  are  only  inferior  to  the  Hydra,  is  what  we 
might  anticipate  from  their  general  homogeneousness.  In  the  composite 
Actiniform  Zoophytes,  a  certain  degree  of  connection  remains  between  the 
general  cavities  of  the  Polypes  which  have  budded  off  one  from  another; 
but  this  connection  is  more  intimate  in  the  Alcyonian  Zoophytes  (Fig.  100), 
among  which  the  "  general  cavity"  extends  throughout  the  polypidom,  form- 
ing a  branching  system  of  canals  which  strongly  resembles  that  of  Sponges. 
In  fact,  when  we  compare  the  two  organisms,  we  can  scarcely  fail  to  per- 
ceive that  the  Alcyonium  is  essentially  a  Sponge  of  which  certain  parts  have 
been  differentiated  from  the  rest,  and  evolved  into  special  organs.  And 
this  view  is  confirmed  by  the  circumstance,  that  when  a  bud  is  put  forth 
from  one  of  those  polypidoms,  it  has  all  the  ordinary  characters  of  a  Sponge, 
except  that  its  canals  do  not  open  upon  the  external  surface  (Fig.  91) ;  the 
formation  of  a  polype-mouth  and  stomach  not  taking  place  until  a  later 
period. 

39.  The  lower  forms  of  the  class  of  Acal^pha  carry  us  back  to  the  grade 
of  development  proper  to  the  composite  Hydraform  Zoophytes.  But  in 
the  higher,  such  as  the  ordinary  Medusa  (Fig.  36),  there  is  a  far  less  amount 
of  repetition  of  similar  parts,  the  gemmae  detaching  themselves  from  dach 
other  at  an  early  stage  of  development,  and  subsequently  maintaining  an 
entirely  independent  existence.  There  cannot  be  here  said,  any  more 
than  in  the  Hydra,  to  be  any  "general  cavity;"  for  the  space  between  the 
walls  of  the  digestive  sac  and  of  the  ovarial  chambers  which  surround  it, 
and  the  external  integument,  is  occupied  by  homogeneous  solid  tissues. 
But  a  series  of  gastro-vascular  canals,  commencing  from  the  stomach,  radi- 
ates towards  the  margin  of  the  disk ;  and  these  serve  the  double  purpose 
of  conveying  the  nutritive  product  of  the  digestive  operation  to  the  remoter 
parts  of  the  body  for  the  supply  of  their  wants,  and  of  subjecting  it  to  the 
aerating  influence  of  the  surrounding  medium.  In  its  return  to  the  centre, 
the  fluid  will  of  course  carry  back  with  it  whatever  excretory  products  it 
may  have  received  from  the  tissues  through  which  it  has  passed ;  and  thus, 
like  fluid  of  the  stomach  and  general  cavity  of  the  Actinia,  it  answers  to 
the  chyme,  chyle,  arterial  blood,  and  venous  blood,  of  Vertebrated  animals. 
In  the  Beroe  (Fig.  102),  and  certain  allied  forms,  the  digestive  cavity  has 
an  anal  as  well  as  an  oral  orifice ;  and  there  also  appears  reason  to  tiiink, 
that  in  its  system  of  gastro-vascular  canals  a  difference  already  exists  be- 
tween the  afferent  and  efferent  tubes,  the  fluid  passing  forth  from  the  stomach 
by  one  set,  and  returning  to  it  by  the  other.  The  generative  apparatus  in 
this  class  always  exhibits  a  very  well-marked  differentiation ;  its  type  being 
in  many  respects  higher  than  that  of  the  true  Zoophytes.  For  in  the  Medusa, 
the  four  ovaries  or  testes  (6,  b)  are  lodged  in  cavities  round  the  mouth,  each 
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^of  wliich  has  its  own  proper  outlet  (*?,  c),  so  that  the  month  is  no  longer 

(ag  it  is  in  those  species  of  Actinia  th©  extremities  of  whose  tentacula  are 

I  closed)  the  only  channel  for  the  escape  of  the  fertilized  ora  or  of  the  rudi- 

Fig.  36. 


Stnifltiiri!  of  Cifanartt  aurihi. — Didk  iecn  from  abovei  ihowing  the  qaadrilateral  motitli  Ht  the 
four  ovaries  t  6  5  ft,  the  four  orifices  rtf  ibe  ovuririi}  cbmnbrra  c c  e c*  tlnj  stomiich  ddd t/,  ttUtl 
Us  mdintiDg  prokngntioEfl,  th<s  eight  aniii  [?]  orifices  e  e.,  Xq.,  aad  the  eight  ocelli  [?]//j  &c- 


mentaiy  young.  The  sexes  are  here  distinct,  the  ova  and  testes  not  being 
eomhined  in  the  same  bodies :  and  this  is  tnie  also  of  many  of  the  eompo- 
Bite  fomia,  which  develop  mednsa-like  buds  containing  sexual  orgaas,  eaeli 
indiytdual  producing  buds  of  only  one  sex,  as  in  dioBcious  plants;  iu  others, 
however,  male  and  female  medusa-buds  are  developed  on  the  same  stock,  as 
in  mouoecious  plants,  although  in  no  case  are  the  two  sets  of  generative 
orgaas*  combined  in  tlie  same  medasoid  l)ody. 

40.  In  the  class  EcMnodermata^  the  Jiterias  (Fig.  3t)  holds  by  no  means 
an  elevated  rank ;  yet  we  find  it  in  a  very  marked  advance  upon  cither  of 
the  types  previously  described.  The  stomach  with  its  single  orifice,  sas- 
peuded  in  the  midst  of  the  "  general  cavity  of  the  body^'*  reminds  us  of  that 
of  Actinia ;  bat  it  is  entirely  cat  off  from  that  cavity,  which  consequently 
remains  closed.  The  nutritive  products  of  digestion  probably  find  their 
way  into  it,  however,  by  transudation  through  the  walls  of  the  stomach  j 
and  it  is  thence  taken  up  by  a  regular  system  of  vessels,  the  distribution  of 
which,  however,  is  very  limjted,  so  that  the  fluid  of  the  general  cavity 
seems  still  to  take  the  largest  share  in  the  nutritive  operation.  It  is  inte- 
resting to  remark,  that  in  this  class  we  already  meet  with  a  differentiation, 
however  imperfect,  not  only  between  the  fluid  of  tlie  gastric  cavity,  or  ch^pne, 
and  that  of  the  surrounding  visceral  cavity,  or  chtfiaqueau^  Jiuidf^  but  also 

I  The  t*?rm  chfflaqueont  jluid,  iutrod^ieed  by  Dr.  T.  WiUiftmSt  appears  to  tlie  Autbor 
to  be  w-eU  adapted  t^)  designate  the  Snid  of  tlie  **  general  cat  it  j,''  wbeo  (as  in  Ecliiuo- 
derm&la  and  AnneHdaJ  Ibia  ii  disiinct  alike  from  tliat  of  the  digeadTe  sac,  ind  ftQm 
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between  the  latter  and  the  blood  contained  within  the  proper  circulating 
system.    A  special  proTision  appears  to  be  made  for  respiration  in  these 

Fig.  87. 


AtUrxoM  aurantiaea,  with  the  upper  side  of  the  bard  envelop  removed : — a,  central  atoraaeh ; 
5,  Cfl&ca  upon  its  upper  sarface  (salirarj  glands?);  ee,  csDcal  prolongations  of  the  stomach  into 
rays;  </t  the  same  empty;  dt  the  same  laid  open;  e,  the  nnder  snrface,  seen  from  within  after 
the  removal  of  the  caeca  showing  the  vesicles  of  the  tnbalar  oirrhl ;/,  the  same  in  a  contracted 
state,  showing  the  skeleton  between  them. 

animals,  by  the  transmission  of  the  "fluid  of  the  general  cavity"  into  a 
multitude  of  short  delicate  caecal  tubes,  which  pass  between  the  pieces  of 
the  calcareous  framework  and  project  externally  in  little  tufts,  and  which 
are  lined  with  cilia  that  keep  up  a  constant  movement  in. their  contents.' 
And  there  are  various  secretory  organs  possessing  a  distinct  glandular  cha- 
racter, whose  special  uses  are  not  yet  certainly  known.  The  generative 
apparatus  here  attains  a  high  development,  the  ovaries  and  testes  (as  in 
the  higher  Acalephae)  being  no  longer  combined  in  the  same  individuals, 
and  having  separate  orifices  for  the  discharge  of  their  products ;  it  is  inte- 
resting to  remark,  that  in  Comatula  (Fig.  38),  whose  digestive  apparatus  is 
framed  upon  a  higher  type  than  that  of  Asterias,  the  ovaries  are  dispersed 

that  of  the  proper  circulating  system.  It  is  far  more  extensively  employed,  however, 
by  Dr.  Williams  in  his  ingenious  Memoir,  **0n  the  Blood  proper  and  Chylaqueous  Fluid 
of  Invertebrated  Animals,"  in  the  "Philos.  Transactions,*'  1862;  being  there  applied 
to  the  immediate  product  of  gastric  digestion  which  passes  directly  into  the  **  general 
cavity"  of  the  Actiniform  and  Alcyonian  Zoophytes,  and  even  to  that  which  is  confined 
within  the  stomach  and  gastro-vascular  canals  of  Medussd. 
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in  isolated  spots  through  the  integument  of  the  anns.     The  Star-fish  ex- 
hibits a  series  of  elaborate  provisions  for  locomotion,  in  the  beantifnl  arti- 


Cumiftuia  rMficeo. 


cnlation  of  the  plates  of  the  calcareous  skeleton,  in  the  contractility  of  the 
general  integnment  of  the  body,  by  which  its  lobes  (misnamed  '"arms") 
are  mored  in  various  direc- 
tions, and  in  the  tDuhijiU cation  Fig.  30. 
of  tnbnlnr  ctrr /^t  fnniisliud  witli 
suckers,  fay  the  contraction  of 
which,  when  the  suckers  (forced 
out  by  the  injection  of  fluid 
into  the  cirrhi  from  the  **  f^ene- 
ral  cavity'*)  have  taken  an  at- 
tachmentj  the  body  is  drauu 
towanls  the  points  to  which 
they  have  adhered. — The  chief 
feature  of  advance  in  the  Ecki- 
nm  (Fig.  S9)  is  the  conversion 
of  the  digestive  sac  with  a 
single  oriOce.  into  an  alimeut- 

«ry  canal  with  a  separate  mouth  and  anus;  and  around  the  mouth  we  find 
a  very  elaborate  dental  apparatus,  furnished  with  distinct  muscles,  such  as 
do  not  make  their  appearance  in  any  lower  forma  of  organization.  The 
locomotive  apparatus,  too,  is  still  more  highly  developed;  for  the  body 
being  now  inclosed  in  an  immovable  case,  so  that  its  parts  are  not  themselves 
capable  of  flexure,  a  new  set  of  instruments  is  evolved,  namely,  the  calcare- 
ous spines,  which  project  from  the  surface,  and  are  put  in  motion  by  the 
contractile  integument,  upon  the  ball-and-socket  joints  at  their  base. — The 
Hokithuria  presents  us  with  certain  interesting  features  of  more  complete 
diflerentiation,  without,  however,  any  veiy  decided  advance  upon  the  typo 
of  the  Echinus.    The  absence  of  a  solid  *'test"  eaables  its  movements  to 
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Anatomy  of  Uoloihurui  fubtfifUKi  * — d,  ivno-ij  l-p  mouth,  fur- 
roundtd  Uy  20  tvniaKula;  c,  ^*IiJllW,  flurrounded  by  muficular 
dilftturi  f//  /,  fiit«*(iiiMl  tuljer  f**,  mfavntery;  m/^  ml,  lotigUudi. 
iin)  iituw?)iit;  ujf,  rrflfiivornf  muvdpi  Jmin);  I'bc  entirts  lon^r  »ur- 
fnc«  uf  Om  liit^jjiHiii'nt,'  «^  oiriiryj  tip,  Cfiucnl  jifipcndiig^ei,  jiro- 


be  perfonned  by  tbe 
flexure  of   the  body 
generally;  and  for  this 
a    regular   series    of 
longitudinal  and  trans- 
verse muscular  bands 
(Fig.  40,  m  /,  m  I,)  15 
provided,    reminding 
us    of  those    of   the 
Wonn-tribe,   The  aK- 
mentary  canal  (i)  does 
not  yet   present  any 
dktinctron    of     parts 
into   cesophaf^ua,  sto- 
mach,     or    intestine, 
but  remains  of  nearly 
the     same    diameter 
i     throughout  ita  length  - 
it  is  held  in  it^  place 
in  the  midst  of  the 
general  cavity  of  the 
body,   however,   by  a 
regular  mesenterv,  up- 
on  which  the   bloods 
vessels    are    minutely 
distributed.     The  cir- 
culating    system     Is 
more   complete    than 
among  other  members 
of  this   class,  especi- 
ally in  its  peripheral 
portion ;  and  it  is  fur- 
nished with  a  pulsa- 
tile vesicle  (p),  whose 
contractiona  assist  the 
onward  movements  of 
their  fluid.     For  re- 
spiration there  are  two 
special  provisions ;  the 
fluid  of  tbecircnlatoiy 
vessels  being  aerated 
hy  transmfsston  to  the 
branching  oral  tenta- 
cula  (<);   whilst  that 
of  the  ''general  cavi- 
ty'* receives  the  same 
influence  from  the  wa- 
ter introduced  through 
the    respiratory    tree 
(r,ry    The  restriction 
of  the  outlet  of  the 
genital  apparatus  (o) 
to  a  single  aperture 
(the  five    equal    and 
separate   portions    of 
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Fig.  41. 


this  apparatns  in  the  Eclimus  and  Asterias  hsTing  each  its  own  outlet)  ia 
a  Tery  decided  character  of  elevation  j  which  seems  to  have  been  presented 
also  1>7  the  extinct  group  of  Ctfxtidea  (Fig.  81),  notwithstanding  that  in 
the  attachment  of  these  aniraais  br  a  stalk  to  a  fixed  basis,  thej  {in  common 
with  the  Crinoidea)  showed  a  decidedly  zoophytic  tendency, 

41.  The  Molluscous  8ub*king(loni,  like  the  radiated,  is  remarkable  for 
the  high  derelopment  of  its  apparatus  of  re^etfifive  life  in  comparison  with 
that  of  ammal  life;  bnt  its  type  of  eonfonnation  is  altogether  different. 
It  is  true  that,  in  the  lowest  group  of  this  scries,  there  is  such  a  close  appa- 
rent conformity  to  the  Zoophytic  ty]ie,  that  the  animals  belonging  to  it 
were^  until  recently^  anhesitatiugly  ranked 
under  that  designation.  Bat  it  is  now 
perceived  that  the  resemblance  la  only 
saperficial ;  being  dependent,  in  part  upon 
the  mode  in  which  these  animals  extend 
themselves  by  gemmatioti,  so  m  to  form 
arborescent  structures  very  analogous  to 
those  of  true  Zoophytes;  and  being  partly 
caused  by  the  stale  of  degradation  to 
which  various  organs  are  reduced,  whereby 
their  true  type  is  obscured.^ — Taking  it  as 
a  whole,  the  Molluscous  senes  is  character- 
ized rather  by  the  absence,  than  by  the 
presence,  of  any  definite  or  symmetncal 
form.  In  the  Zoophytoid  Mollusks,  it  is 
true,  we  are  reminded  of  the  radutted  type 
by  the  circular  an'angement  of  organs 
around  the  mouth  (Fig.  49,  a)  j  whilst  in 
the  Hyiiiiy  of  Ohitomdm,  w^e  meet  with  a  division  of  the  external  skeleton 
into  segments  (Fig.  41),  which  reminds  us  of  the  orticulaUd  type.  But 
Uiese  are  peculiar  exceptions ;  and  a  Molluscous  animal  is  essentially  a  bag 
of  viscera,  enveloped  in  a  skin  which  is  thickened  in  parts  by  muscular 

Fig.  42. 
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Safpa  mftxima;  i»,  oral  <>ri!icei  R»  Tertj  e,  mid<;af,  compoied  of  tlie  itnmnrh,  liver,  Ac:  d, 
hrtmcUUi  lamiunj  r,  tb<*  hearty  from  whkh  proceeds  th«  longitudinal  rrunk/,  sctiatng  trwtiF- 
rtn^  hr<ineb*?»  »miia  tUe  hotly  i  ^»  j,  projeetlng  pnrta  of  the  external  tunic,  serving  to  unite 
lh«  differciiit  iadlviduilB  Into  m  cbnin. 

/ 

fibres  that  are  not  arranged  after  any  constnnt  plon.  In  the  *' archetype" 
Mollusk,  the  mouth  and  anus  are  situated  at  the  two  extremities  of  the  sac; 
and  the  various  organs  are  disposed  symmetrically  on  the  two  sides  of  a 
longitudinal  median  plane,  just  as  in  a  Vertebrate  or  Articulate  embrj'o; 
the  centres  or  principal  trunks  of  the  circulating  apparatus  being  on  the 
dorsal  aspect,  (which  may  henee  be  termed  the  '*hffimal,")  whilst  the  prin- 
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^cipal  centres  and  trunks  of  the  nervous  system  are  on  the  Tentral  aspect, 
(which  may  hence  be  t<;nned  ** neural")  But  this  simple  and  symmetrical 
arrangement  is  very  commonly  obscured  by  subsequent  ineqQalities  in  the 
development  of  partiouLir  n'trioiTs,  so  that  an  entire  change  takes  place  la 
the  rclQtivc  po.Hition  of  the  i.li  lie  rent  organs,  and  the  types  of  confarmatioo 
thas  evolved  xeem  to  have  little  or  no  affinity  to  one  another/ — The  nearest 
approach  to  the  archetype  is  presented  on  the  whole  by  those  of  the  Turn- 
mta ,  in  w ] si r 1 1  t ] I p  t \v ( >  o [■  i f i r  r >  retai a  the ir  or i ginal  p o si tio ns  at  the  poles 
of  tho  biHly  (Fig.  42j;  iinil  their  chief  peeuliaritics  constat,  in  the  first 
place,  in  the  enormous  developraent  of  their  pharynx  to  form  the  branchial 
sac,  and  secondly,  in  the  inversion  of  their  integ^ument  around  the  anal  ori- 
fice, so  as  to  form  an  immense  cloaeal  cavity,  the  wall  of  w^hich  extends  so 
far  into  the  interior,  and  so  completely  envelops  the  general  mas^  of  the 
body,  as  to  constitute  what  is  known  as  their  ''inner  tunic."* — In  the  -Bi- 
paii*e  Mollusks,  on  the  other  hand,  the  principal  extension  of  the  Integu- 
ment takes  i>lace  externally ;  a  duplieature  of  the  thickened  glandular  skin 

^of  the  *' dorsal"  or  "hssmal"  region  (here  termed  the  matiti^)  being  pro- 
Fig.  43. 
Dorsal  Msr^D. 

J. 
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Vcntml  MdTgia* 

AnMdm;  of  ,tffirlrn :^^»  hevui:  &,  poftflHo?  mutclc;  «,  brancbtal  ganglion:  d*  o^Wifi  ##« 

litPJitlrie;/»  *Wlh  «/,  nerv^m  curd,  e^tineoUiig  lettipliMgt^il  «Rd  brmnebliil  ganglin;  A,  ttonifteli; 

^4,  hppirt;  h  Wwr,  I  maUffiot  t^r  cciftpbftg*il  gftBgU*;  w,  ftut^rlor  oddactor  muscbj  «,  ii«rTOt» 

fllMmtsrUi nmith;  p,me  of  tho  oral  t<*ntticiib ;  9  j^mimtl«;  r,mvfii]  of  tho  ihdlr  *,  Tooli 

longed  on  either  dide  into  two  lobes,  which  enwrap  tho  body  like  a  cloak, 
and  form  the  vahi*s  of  the  shell  Ujjoo  their  outer  surface  (Fig.  43).  Again, 
A  fspecinl  development  of  muscular  tissue  in  the  interment  of  the  **  vcntraF* 

)  8fo  Mr,  UnxUy'B  &t1iiilr«Uo  Memoir  "On  Ibe  Morphologjr  of  the  Ccpbjiloai  ^Eol* 

*  Sath  In  Mr.  Un%}tiy*»  t«ry  itigt^tiiouH  ftecooat  of  tbe  produetlan  of  thii  tamle,  mb 
m  lu  hia  «'  Ueport  oti  Uu'  Tunioula''  to  the  UHtisib  Aft»ocliitloii,  1852.  S«0  »Abq  liii 
ioir*  '*(in  ihi*  An*totnv  of  Snlpn  und  Pyroaonm/*  mid  his  ^'Remftrltt  upon  jLpp«a* 
Iftrim  uid  Dulioiiiio,  *  ia  tho  **Philfti»  TraoMCI. '  fur  l^L 
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or  '*iiearal"  regiOR  coostitntes  the  '*foot'*  of  those  LaDiellibmnclilata  which 
possess  such  an  organ, — In  the  GasteTopoda  this  foot  assumes  the  fonn  of 
an  expanded  disk  (Fig,  44,  a),  upon  which  the  animal  can  crawl ;  the  two 
extensions  of  the  upper  part  of  the  integument  are  wanting;  but  the  form 
of  the  body  itaelf  is  eEtirely  altered  by  the  extraordinary  and  commonly 
j^mflymraetrieal  development  of  the  hindmost  portion  of  the  hcemal  region 
i  a  *'  post-abdomen,'^  which  contains  the  heart  and  a  congiderable  part  of 
the  alimentary  canal,  and  from  the  mantle  of  which  a  shell  (Fig.  46)  is  very 
frequently  produced.  In  iht  pnimonaH^d  Gasteropods  (Fig,  124),  however, 
the  development  takes  place  before  instead  of  behind  the  anus  j  so  that  an 
'*  abdomen"  is  formed  instead  of  a  post-abdoraen.^ — This  k  also  the  case  in 
the  Pieropoda,  in  which  the  '*foot"  proper  is  but  little  developed,  whilst 
two  lateral  expansions  {epipodta)  sent  off  from  it  constitiite  the  wing-like 
appendages  (Fig,  46)  from  which  the  group  receiTes  its  designation. — 
Finally,  in  the  Cephalopoda,  the  alidomen  is  so  peculiarly  developed  that 
the  alimentary  eanal  is  quite  doubled  upon  itself,  so  as  to  bring  the  anus 
into  immediate  proximity  with  the  mouth  (as  happens  also  in  the  BryozQa 
at  the  opposite  extremity  of  the  series) ;  the  margins  of  the  foot  are  pro- 
longed into  those  prehensile  processes  (Fig.  4T)  which  are  termed  ''arms;** 
and  the  posterior  epipodial  lobes,  by  their  cohesion,  form  the  '^funnerUhat 

Fig.  44 


Pfihdmfi  vitf%pttr/ij  it  I  tb  drawn  from  !|i  tthe]]  and  laid  dpen  r— fi,  foot|  6,  operralum  r  ^f  one  at 
the  lenUcnlft  with  iti  ocdldS!;  d,  *ipbon:/,  border  of  the  mant]&;  f?,  pflctinnted  bmnchiio^  A,  ft', 
the  oT^diict  dilated  for  tW  retention  of  tbe  ova;  //',  portion  of  H  niUated  witbm  tb*  apire  of  the 
ibirll;  I,  terminndon  of  the  intestine;  /,  connL  for  th€*  unnftfy  [T]  ?eoretioi>r  n^  hf'Jirt;  o,  liver j 
Pj  probo»cb|  9i4^»  cpiophajruff;  p*,  stomach.'  t<,4^tf\  intestine,  lying  nt  t  trithin  ibe  branchial 
«iiTltj;  ft*  u,  eepnalie  ganglia;  r,  i^^  lalirar?  glnndij  f,  the  principal  mtaicolar  Derre. 


Berves  for  the  discharge  of  the  respiratory  current  and  of  the  matters 
ejected  from  the  intestine. — Thus  each  of  the  subordinate  types  that  we  re- 
cognize in  the  Molluscous  series,  presents  ns  with  its  own  special  character 

e 
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Shells  of  Gantaropod  JfoUytlui^A,  Acbatina;  b,  Sigwelui;— c,  Vermetoij— d,  SealmrU. 

of  differentiation  from  the  general  "Archetype;"  and  there  is  no  real  tran- 
sition from  the  one  to  the  other.* 

Fig.  47. 


Kxifctinnf  formf  of  Pteropoda.^x,  Ilyalea;  b,  CrUeis;  c,  Clio.   Sepia  officinah't,  or  Cattle-fiih* 

'  WU'u  it  was  first  discoTcrcd  that  the  embrjo-forms  of  Gasteropoda  (Fig.  48)  pos- 
sess a  pair  of  ciliated  lobes  correspond- 
Fig.  48.  ing  in  general  position  with  those  of 

Pteropods,  the  notion  was  entertained 
by  many,  that  the  animals  of  the  latter 
group  must  be  considered  in  the  light 
of  permanent  embryoes  of  the  former: 
this,  however,  is  inconsistent  with  the 
fact  pointed  out  by  Mr.  Huxley,  that 
the  ciliated  lobes  of  the  embryo  Ga«- 
teropods  are  homologous  with  the  an- 
terior portion  of  the  epipodium,  whilst 
it  is  the  middle  portion  alone  which  ii 
developed  into  the  "alte"  of  Ptero- 
pods;  and  that  a  more  fundamental 
distinction  lies  in  the  development  of  an 
'  u\j'hm.*:u"  iiil^ur'^ljodt,  wiiiltftitlsA  ''post-abdomen'*  whichisdevelopedinGasteropoda. 


Kuibj>oc«  vf  JS'udihtinu'hiut*  fjtuteropodt. 
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42,  Turning  bow  to  the  mtemal  organization  of  tlie  auimala  of  the  Mol- 
luBcoiis  sub-kingdom,  we  find  that  the  alimentary  canal  almost  iDTariabljT 
preBcnts  a   distinct   separa- 


tion lietween  the  opsopha^ug, 
the  stomach,  and  the  intes- 
tinal tnbe;  this  separation 
being  as  obvious  in  the  zoo- 
phjtoid  Ld^toieuia  (Fig. 
49),  as  in  the  Gasteropod 
Aplytda  {Tig,  50).  The 
mouth,  or  entrance  to  the 
(Bsophag^us,  is  not  situated, 

I  in  the  lower  Mollusea,  on  a 
prominent  part  of  the  body, 
aor  is  it  surrounded  by  or- 
pins of  special  sense ;  and 
nenee  tliese  are  diatinguished 
as  acephahus.  In  the  higher 
clasi^cs,  however,  it  is  siiu- 
Srted  on  a  hettd^  which  pro- 
jects from  the  trunk,  and 
which  is  usually  furnished 
With  well-developed  eyes, 
and  with  rudimentary  or- 
gans of  smell  and  hearing* 
In  the  lower  Mollusca,  again, 
there  m  a  want  of  any  pre- 

Phensile  or  reducing  appara- 
tiifl,  the  food-particles  Ijeing 
drawn  in  by  ciMary  eurrenta, 
which  are  also  subservient 
to  the  respiratory  function ; 
but  in  the  higher,  the  mouth 
is  furnished  ivith  a  complex 
apparatus  for  the  reduction 
of  solid  food  (Fig.  60,  a), 
and  prehensile  instniments 
are  added  in  the  Pteropods 
and  Cephalopods.  In  addi- 
tion U\  thif*j  a  portion  of  the 
Btomaeh  is  frequently  deve- 
loped into  a  gizzard-like 
structure,  ivith  very  fmn 
walls,  adapted  still  fwrtber 
to  crush  and  comminute  the 
food;  and  this  is  found  in 
^many  Bryozoa,  as  well  as  in 
iTcral  Oasteropods  (Fig, 
50,  »),  and  in  CephaJopods 
generally.  The  liver  is  al- 
ways recognizably  present; 
mnd  although  in  the  Bryozoa 
it  consists  of  nothing  else 
than  an  assemblage  of  iso- 
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and  in  U«  con  true  t«d  utate.  Id  t\v(i  diflerent  a«pceLj«  at  a 
and  0.  THe  ?amo  referenres  aoawer  for  each  figure  :— 
tf  &,  tenUicuia  clothed  wilh  vibratUe  cilia ;  £»,  pbAryng«al 
cavj*/ ;  c.  valve  it'pamti  ug  thii  cavity  fro  in  ti  the  cbjo- 
pb«gU8;  i-,  the  fftomach,  with  f\U  pylorio  valvu,  and  g 
tbo  tirdo  ^f  cilia  aorrounding  tbat  orifiqe  j  A,  waU  of  the 
fitomaeb  wiih  bilmry  foUiclef^  u  the  intestine,  contain- 
ing h  excr^^n^clUitioui  matter,  and  tertniDating  at  t  tbo 
ftQyf  ;  m,  tbe  tcf Liole  i  fip  tbo  OTA17 ;  d,  an  ovum  i^tjt  frco 
from  ih«  oru^i  p^  opeatngi  for  tbe  eacnpo  of  the  ova; 
7,  ■p«rMfitoio&  freely'  marlof  in  Ihe  cavity  that  jrur- 
intin da  Iho  viseora  \  r^  retrnetor  niuaclQ  of  the  anj^Ie  of 
tho  a^^prlnre  of  the  skcalh ;  #»  retractor  oT  tho  shi^atb  ;  f, 
retractor  of  tbe  tentacular  cirete  ;  uj  retractor  of  tbe  fi&so- 
phagQi  \  tif  retractor  of  tbe  itomacb ;  v,  principal  cjctetiiDr 
inuBcLe ;  a-,  transvef^e  wrinkles  of  the  theatb ;  y,  fibres  of 
the  sbeath,  tbora selves  probably  wusctilMr;  «,  uuselea  of 
the  tentaGula ;  it  (At  tbe  bftfe  of  tbo  tentatidlar  eiielii  in 
a)  neryons  or  ojuopbageal  ganglion  ;  5,  item.— u,  a  por- 
tion of  the  tvfitacatoT  circle  shown  separately  on  a  larger 
fCale :  a  <i,  tho  tcntaculn  clothed  with  cUja  ^  b  b,  their 
internal  canalfi  ^  Cj  maBclca  of  tbe  tentaculii ;  r/j  tranfl- 
vcrse  muscles  forming  a  ring  at  tbe  base  of  iho  tcntA.* 
eula;  e>  muscles  of  the  tentacular  circle. 
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^/•''/  '  ^  r  *•  ''•  '}''■■*  ''■'*  i*r^n^r»Y>««Ti»  'if  rh<»  7s««»*T?i;  t,  ipp«*  pan  if  :htf  Bfophagvs; 
'.  ,,  .  ,  .  '.  ■  ir/  ^Im'l*  .  7,  'iiyi-^ri^r  or  '•'•phulir  ;pKns^ion  :  *f.  ^]  infi»r:nr  ir  "nVr-  nniia.<i«I 
V  '■  • .  A  •  'II  "f  f''"  •'■"'ph'^/""  inf'»  7,  7,  fh^  flr«f  ^romin'h  or  ^srop  :  i.  :iiB  thir-l  «ir  tn 
i  ,>      t        ■  .'^.  --I. ,  .".  "V"  •"'•'.Ti'l  »f'i»m/»h  '»r  j^77<iH :  i*,  jn»««tin«(:  ',  ',  C.  ii^ir:  w.  podterior  i 

'  ',  I  .  "-y  p-if*  'if  inf^-'in^  :  r, 'ivjirjf  1   «r,  JiniW. 

f I  •■«Mi  Ml'  'itirn'  f.ffir^  /■nnnl,  ainrh  ii«<  thft  ^fiWv^rf  ^Und^  and  pancreas, 

,»      i.'.r,,f  ♦!,.  rn  'I'/i''  in  ft  rfioro  nnd  mffrr  ^yf^fifiWyM  comlition ;  and  the 
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general  type  which  these  attain  in  Cephalopods,  closely  approximates  to 
that  nnder  which  we  find  them  in  Fishes.  In  no  instance  does  the  aliment- 
ary canal  possess  any  direct  communication  with  the  **  general  cavity  of  the 
body,"  in  the  midst  of  which  it  is  suspended ;  but  it  may  be  affirmed  with 
certainty  that  a  transudation  of  nutritiye  material  takes  place  through  the 
walls  of  the  former  into  the  latter,  and  that  this  is  the  channel  through 
which  this  material  finds  its  way  into  the  circulating  system.  For  in  the 
Bryozoa,  there  is  absolutely  no  other  means  by  which  the  body  at  large  can 
be  nourished,  no  true  circulating  apparatus  existing  in  this  group ;  so  that 
the  extension  of  the  visceral  cavity  throughout  the  body,  and  even  into  the 
tentacula  and  stalk,  constitutes  the  sole  means  by  which  the  products  of  the 
digestive  operation  can  be  applied  to  the  nutrition  of  the  parts  remote 
from  the  alimentary  canal.  Where  a  distinct  vascular  system  exists,  it 
communicates  freely  with  this  **  general  cavity  of  the  body;"  so  that  the 
blood  in  one  part  of  its  circulation  is  freely  discharged  into  it.  In  the 
higher  Mollusks,  however,  the  viscera  themselves  occupy  so  large  a  propor- 
tion of  this  cavity,  that  the  remaining  space  is  greatly  reduced  in  size,  and 
presents  so  much  of  the  character  of  an  ordinary  venous  sinus,  that  its  true 
nature  has  not  been  until  recently  discovered.  NotwithstancUng  this  very 
important  feature  of  degradation,  we  find  the  heart  or  central  impelling 
organ  of  the  circulation  rapidly  becoming  more  and  more  specialized  as  we 
ascend  the  series.  No  trace  of  it,  of  course,  is  to  be  found  in  the  Bryozoa  ; 
in  the  Tumeata  it  is  generally  but  little  more  than  a  pulsatile  dilatation  of 
one  of  the  principal  trunks  (Fig.  42,  e),  the  direction  of  whose  action  is 
not  definitely  settled ;  in  the  Conchtfera,  we  first  meet  with  a  differentiation 
of  auricle  and  ventricle ;  and  this  distinction  becomes  still  more  strongly 
marked,  both  structurally  and  physiologically,  in  the  higher  classes.  With 
the  exception  of  some  of  the  lowest  forms  of  the  inferior  types,  we  every- 
where find  a  special  provision  for  the  aeration  of  the  circulating  fluid  by 
means  of  a  distinct  respiratory  apparatus ;  but  the  position  of  this  varies 
more  than  that  of  any  other  organ  in  the  body ;  and  it  is  seldom  that  any 
other  means  are  provided  for  renewing  the  water  in  contact  with  the  respi- 
ratory surface  than  the  movement  of  the  cUia  with  which  it  is  clothed.  No 
distinct  urinary  apparatus  can  be  detected  in  the  lower  Mollusca ;  but  its 
presence  becomes  distinctly  recognizable  in  the  higher. 

43.  Not  only  the  Bryozoa,  but  by  far  the  larger  proportion  of  the  proper 
Tunicata,  possess  a  capability  of  multiplying  by  gemmation ;  the  degree  of 
connection,  however,  that  continues  to  exist  between  the  gemimse  and  the 
stock  from  which  they  have  been  put  forth,  varies  in  different  groups. 
Thus  in  the  Bryozoa  a  continuity  is  frequently  preserved,  as  in  Laguncula 
(Fig.  49),  between  the  "general  cavity  of  the  body"  of  one  Zooid*  and 
another,  through  the  whole  of  life ;  in  Perophora  (Fig.  188),  the  continuity 
is  maintained  by  the  vascular  system,  which  is  here  in  such  free  communica- 
tion with  the  general  cavity  of  the  body  that  it  may  be  almost  regarded  as 
a  prolongation  of  it ;  in  jSotryUus  (Fig.  51),  the  buds  are  formed  in  the 
first  instance  by  an  extension  of  the  "  general  cavity  of  the  body"  of  the 
stock,  but  when  they  have  attained  an  advanced  stage  of  development  they 
become  entirely  separated  from  it  and  from  each  other,  although  still  inclosed 
within  a  common  envelope;  and  in  Salpa  (Fig.  42),  the  buds  developed 
from  the  "stolen"  or  creeping  stem  in  the  interior  of  the  stock,  become 

>  The  term  jSoM  has  been  suggested  bj  Mr.  Hnxlej,  as  an  appropriate  designation 
for  each  of  the  independent  and  self-maintaining  organisms,  which  collectiYelj  result 
firom  a  single  generatiTe  act. 
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BotryUu*  violaceuM : — ▲,  cluster  on  the  surface  of  a 
Fucus : — B,  portion  of  the  same  enlarged. 


detached  at  a  very  early  period,  and  swim  forth  freely,  although  connected 
into  chains  by  the  mutual  adhesion  of  their  bodies.  No  multiplication  by 
gemmation  is  known  to  exist  in  any  of  the  higher  Mollusca ;  but  a  peculiar 
generative  zuoid  is  detached  from  the  male  of  certain  Cephalopoda,  to  con- 
yey  to  the  female  his  spermatic  fluid. — The  true  generatiTC  apparatus 

is   very  distinctly    evolTed 
Fig*  ^^'  throughout  the  series.     In 

its  lowest  classes,  the  two 
sets  of  organs  are  united  in 
the  same  individual,  in  such 
a  manner  that  its  ''  spenn- 
cells,"  may  impregnate  its 
"  germ-cells,"  and  thus  pro- 
duce fertile  ova,  without  any 
special  operation.  In  cer- 
tain of  the  BivalTes,  how- 
ever, the  sexes  are  distinct ; 
but  the  fertilization  of  the 
ova  is  provided  for  without 
any  special  congress  of  two 
individuals.  In  the  Pul- 
monated  Gasteropoda,  both 
sets  of  organs  are  present  in 
each  individnal,  bat  they  are  not  usually  self-impregnating ;  for  the  genera- 
tive act  is  ordinarily  effected  by  the  congress  of  two  individuals,  each  fer- 
tilizing the  ova  of  the  other  by  means  of  a  highly-developed  intromittent 
apparatus.  In  all  the  other  Cephalous  Mollusca,  the  sexes  are  distinct; 
and  a  regular  sexual  congress  usually  takes  place. 

44.  No  part  of  the  organization  of  Molluscous  animals  exhibits  the  prin- 
ciple of  differentiation  more  remarkably  than  does  the  Nervous  system.  For 
whilst,  in  the  Bryozoa  and  Tunicata,  we  find  it  to  possess  but  a  single  gan- 
glionic centre,  which  answers  all  the  purposes  required  by  the  low  dev^op- 
ment  of  their  animal  functions,  a  progressive  multiplication  of  ganglionic 
centres  manifests  itself  as  we  ascend  the  series ;  this  multiplication  not  being 
dependent,  as  in  Radiata  and  Articulata,  upon  the  repetition  of  similw 
ganglia  (save  in  certain  special  cases),  but  having  reference  to  the  greater 
variety  of  purposes  which  this  system  is  called  on  to  effect,  chiefly  in  virtue 
of  the  development  of  more  special  organs  of  sensation  and  motion.  In  the 
Acephalous  Mollusks,  there  is  an  almost  entire  absence  of  visual  organs, 
and  no  trace  of  auditory  or  olfactive ;  and  the  movements  of  such  of  them 
as  are  not  fixed  to  one  spot,  are  of  the  simplest  and  least  varied  nature, 
being  effected  either  by  the  agency  of  the  ciliary  currents,  or  by  general 
contractions  of  the  muscular  sac,  or  (in  the  Bivalves)  by  the  contraction  rf 
those  special  Collections  of  muscular  fibres,  which  constitute  the  adductor 
muscles  and  foot.  In  the  Cephalous  Mollusks,  the  rudimentary  eyes  found 
in  some  Acephala  are  progressively  developed  into  organs  fitted  for  distinct 
vision ;  rudimentary  organs  of  hearing  begin  to  show  themselves,  which  are 
evolved  among  Gephalopods  into  a  proper  auditory  apparatus ;  indications 
of  a  specialization  of  a  part  of  the  surface  for  olfactive  purposes  are  also 
perceptible ;  and  conjointly  with  this  advance  in  the  sensorial  apparatus, 
we  find  the  capacity  for  locomotion — ^which  is  so  feeble  in  most  of  the  G^as- 
teropods,  that  the  term  **  sluggish"  derived  from  one  of  the  best  known 
members  of  that  class  is  applicable  to  the  whole  of  it — greatly  augmented 
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in  tlie  Pteropoda  and  Cephalopoda,  manj  of  tbe  latter  being  nearlj  m 
active  m  Fish. 

45.  The  plan  of  construction  presented  to  oa  in  the  assemblage  of  ani- 
malsi  con&itituting  the  sub-kingdom  Articulata,  is  much  more  definite  than 
that  which  we  have  traced  through  the  Molluscous  series ;  and  its  leading 
features  are  iu  general  more  easily  recognized  since  the  departure  from  tlie 
"archetype"  form  are  seldom  such  as  to  interfere  with  the  manifestation  of 
its  iundaraeatal  idea.  Thus,  eiea  in  the  Virrhiptd^  {Figs,  4,  5),  which 
constitute  its  most  aberrant  group,  the  MoUmcoid  characters  are  superficial 
0nl}%  whikt  the  prevalence  of  the  Articulated  type  through  cTery  x^art  of 
the  internal  organization  is  at  once  revealed  by  anatomical  research.^ — The 
body  of  every  Articulated  animal  is  composed  of  a  succession  of  segments 
arranged  longitudinally;  the  diviMioa  being  asually  indicated  externally  by 
a  dilTerentiation  in  the  conmstence  of  the  tegumentary  skeletou,  and  by  the 
repetition  of  the  appendapjes  (where  such  exist)  which  each  segment  hears. 
There  is  a  manifest  predominance,  in  the  greater  part  of  the  Berics,  of  the 
organs  of  animal  life  over  those  of 

organic  or  vegetative  life ;  for  tlie  ap-  ^^S»  5^- 

Jiiratus  which  is  subservient  to  the 
fofcomotive  powerB,  occupies,  in  all 
the  higher  Articulata,  a  very  promi- 
nent position;  and  it  is  kept  in  a 
state  of  high  activity  under  the 
guidance  of  senses  of  remarkable 
acuteness.  As  it  is  by  the  external 
skeleton  alone,  that  fixed  points  can 
be  afforded  for  the  attachment  of  the 
muscles  and  for  the  fulcra  of  the 
levers  by  which  motion  is  given  to 
the  body,  the  degree  of  its  cousoli- 
dation  generally  corresponds  with 
the  development  of  the  locomotive 
apparatus;  the  chief  exceptions  bc> 
ing  presented  by  those  cases  in  which 
(as  In  the  common  Crab)  there  is 
an  extraordinary  development  of  a 
eoiid  test  for  the  purpose  of  pro  tec* 
tiou  only. — In  some  of  the  lowest 
grades  of  this  type  (bclongmg  to 
the  group  of  Entozoa)>  the  success- 
ive segments  which  are  indicated  ex- 
teiTially  by  conBtrictions  of  the  body, 
so  exactly  repeat  each  other,  that 
each  can  maintain  an  independent 
existence,  and  can  reproduce  the  en- 
tire body  by  gemmation ;  so  that,  be- 
ing indefinite  in  number,  and  physi- 
ologically distinct,  they  are  nearly  on 
the  same  footing  with' the  independ- 
ent Ki3oidg  of  a  Botryllus.  It  is  in- 
teresting to  remark,  moreover,  that 
among  these  the  Molluscous  nature  so  far  predominates,  that  there  is  scarcely 
a  trace  of  locomotive  organs,  and  the  integument  is  soft  throughout,  so  that 
the  segmental  division  is  chiefly  indicated  by  the  repetition  of  the  organs  of 


1 


n 


^r^n^ylm  ffif^a*  (fematej  laid  open  to  «bow 
Its  iDternAl  itrnctare* — a,  mouth;  b,  tesopba- 

oyarj;  /,  utcrina  dUiitatioJ)|    y,  DUrraw  ofi* 
duct;  A,  iUonSco, 
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natrition  and  rcprodaction.  Ascending  to  the  Nematoid  Worms  (Fig.  52), 
we  find  the  segments  united  into  one  continuous  body,  not  onlj  extemaUy 
but  internally;  and  in  these  we  find  some  of  the  leading  festores  of  the 
Articulated  type  displayed  in  their  simplest  condition.  The  body  does  not 
externally  present  any  true  annulations,  but  a  transverse  wrinkling  of  the 
integument  is  generally  perceptible;  and  the  muscular  fibres  which  line 
this  integument  are  disposed  in  regular  transverse  bands,  which  are  often 
sufficiently  developed  to  endow  these  animals  with  a  power  of  active  move- 
ment. The  oral  orifice  (a),  situated  at  one  extremity  of  the  body,  leads  to 
an  alimentary  canal  (<?,c,c),  which  runs  through  the  axis  of  the  cylinder  to 
the  anal  aperture  (d)  at  its  opposite  extremity;  presenting  in  its  course 
scarcely  any  differentiation  of  parts  into  cesophagus,  stomach  or  intestine, 
and  no  distinct  glandular  appendages.  There  are  two  pairs  of  longitudinal 
vessels,  one  of  which  is  supposed  to  be  arterial  and  the  other  venous :  but 
there  are  not  yet  any  special  respiratory  organs,  the  low  deg^ree  of  aeration 
which  their  circulating  fluid  requires,  being  still  attained  through  the  inter- 
mediation of  the  soft  integument.  The  nervous  system  chiefly  consists  of  a 
pair  of  longitudinal  trunks  which  run  along  the  ventral  region  of  the  body, 
and  arc  connected  with  a  pair  of  very  minute  ganglia  on  each  side  of  the 
Gssophagus ;  but  no  distinct  ganglionic  enlargements  present  themselves  in 
the  course  of  these  trunks ;  nor  is  there  the  least  indication  of  the  presence 
of  organs  of  special  sense.  The  two  sexual  divisions  of  the  generative  appa- 
ratus, which  are  not  only  combined  in  the  lower  Entozoa  in  the  same  indi- 
viduals, but  are  even  repeated  through  their  successive  segments,  are  here 
assigned  to  distinct  individuals ;  and  the  form  alike  of  the  ovary  (e,e,«)  and 
testes  usually  participates  in  tlie  general  elongation,  which  may  be  con- 
sidered as  resulting  (like  that  of  the  digestive  and  vascular  apparatus)  from 
the  "fusion"  of  the  parts  proper  to  each  segment. — Hence  the  differentia- 
tion of  parts  is  here  almost  at  its  minimum ;  for  there  is  nothing  that  can 
be  properly  termed  a  head ;  and  with  the  exception  of  the  two  terminal  seg- 
ments and  that  which  contains  the  genital  orifice,  there  is  scarcely  one  that 
differs  from  its  fellows  in  any  essential  particular  of  external  configuration 
or  internal  structure. 

46.  In  the  class  of  Annelida  we  meet  with  a  decided  advance  in  the  de- 
gree of  specialization  of  the  several  organs,  both  of  Animal  and  of  Vege- 
tative life,  without,  as  yet,  any  marked  differentiation  of  the  regions  of  the 
body,  which  is  usually  composed  of  a  large  number  of  segments  presenting 
a  close  external  resemblance  (Fig.  53,  a).  In  the  lower  forms,  which 
nearly  approximate  to  the  higher  Entozoa,  the  segmental  division  is  ob- 
scured by  the  general  softness  of  the  integument,  and  by  the  absence  of 
locomotive  or  branchial  appendages ;  but  in  proportion  as  these  are  de- 
veloped, and  as  the  integument  becomes  consolidated,  the  annulose  charac- 
ter is  made  obvious,  by  the  alternation  of  firm  rings  with  soft  intervening 
membrane.  So,  again,  in  the  lower  forms  of  this  group,  the  head  is  scarcely 
more  differentiated  from  the  body  than  it  is  in  the  Nematoid  Entozoa ;  whilst 
in  the  higher,  it  is  furnished  with  proper  eyes  and  antennae,  and  the  mouth 
is  provided  with  an  elaborate  apparatus,  consisting  either  of  one,  two,  or 
three  pairs  of  jaws,  or  of  an  evertible  proboscis,  for  the  prehension  and  re- 
duction of  food  (Fig.  53,  b,  c).  Where  locomotive  appendages  are  deve- 
loped, as  in  the  tribe  of  Nereids^  they  are  almost  precisely  rei>eated  from 
one  end  of  the  body  to  the  other ;  and  this  is  the  case,  also,  with  the  respi- 
ratory organs,  save  where  the  conditions  of  existence  require  that  these 
should  be  especially  developed  from  some  particular  region,  as  is  the  case 
with  the  cephalic  branchial  tufts  of  the  SaheUa  (Fig.  144) ;  in  fact,  the  re- 
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sp'ratory  and  locomotive  organs  in  this  g  oup  ate  by  no  means  completely 
diff  Tentiated  from  one  another,  each  being  snbsement  in  greater  or  less 
degree  to  both  purposes.    These  apperd- 


ages  vary  in  different  genera;  bnt  we 


Fig.  58. 


I 


usually  find  them  based  on  two  fleshy 
tubercles  on  either  side  of  each  segment, 
which  are  termed  the  "dorsal  oars"  (Fig. 
53,  D,  a'),  or  the  "ventral  oars"  (b'),  ac- 
cording as  they  project  from  the  upper 
or  under  half  of  the  segment.  Each  oar 
commonly  possesses,  attached  to  the  base 
of  its  tubercle,  a  long  soft  cylindrical  ap- 
pendage, or  cirrhus  (d,  a,  e),  homologous 
with  the  antenniform  appendages  of  the 
cephalic  segment;  whilst  its  summit  bears 
a  tuft  of  setiB  or  bristles,  which  serve  as 
the  instruments  of  locomotion  when  the 
animal  is  crawling  over  solid  surfaces. 
In  the  ordinary  Nereids,  moreover,  each 
oar  has  also  a  membranous  lobe  (d,  5,/^, 
which  is  its  instrument  of  propulsion  in 
water.  All  these  appendages,  together 
with  the  prehensile  and  tactile  organs 
which  are  developed  around  the  mouUi  of 
many  species,  are  probably  subservient  in 
greater  or  less  degree  to  the  aeration  of 
the  nutritive  fluid  transmitted  to  them ; 
but  a  more  special  respiratory  organ  (rf), 
consisting  either  of  a  flattened  vesicle  or 
of  a  branching  tuft,  is  developed  from  the 
under  side  of  the  dorsal  oar;  this  is  not 
usually  repeated,  however,  through  the 
entire  length  of  the  body. 

47.  Notwithstanding  the  elaborateness 
of  the  buccal  apparatus,  the  alimentary 
canal  still  retains  much  of  its  primitive 
simplicity,  being  an  almost  straight  tube 
without  any  obvious  division  into  oeso- 
phagus, stomach,  and  intestine;  it  is, 
however,  furnished  with  csecal  append- 
ages of  various  kinds,  apparently  of  a 
glandular  character.  The  condition  of 
the  sanguiferous  system  in  this  group  is 
very  peculiar;  for  whilst  in  the  higher 
Articulata,  as  in  the  Mollusca,  it  com- 
municates freely  with  the  general  cavity 
of  the  body,  so  that  one  and  the  same 
fluid  circulates  through  both,  the  blood- 
vessels here  form  a  completely  dosed  cir- 
cuit, as  in  the  Eehinodermata ;  and  the  general  cavity  is  occupied  by  a 
true  "  chylaqueous"  fluid,  which  is  kept  in  pretty  constant  motion  by  the 
movements  of  the  body.  As  in  the  Eehinodermata,  too,  there  appear  to 
be  distinct  provisions  for  the  aenttion  of  the  blood-proper  and  for  that 
of  the  chylaqueous  fluid ;  for  whilst  the  latter  penetrates  into  the  locomo- 


A,  Nephtkyt  Homhtrgii;  b,  its  probos- 
dt;  o,  tke  asme  kid  open,  to  show  the 
horny  teeth  it  ooDtains;  d,  one  of  the 
feet,  showing  a',  dorsal  oar;  b',  ventral 
oar;  a,  dorsal  eirrhus;  6,  membranous 
lobe  of  dorsal  oar;  e,  tentacaliform  ap- 
pendage; d,  branchial  appendage;  e, 
Tentn^  oixrhns;  /,  membranous  lobe  of 
Tentral  oar. 
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\a\M\  fiillirlori,  lodf^cKl  in  the  walls  of  the  stomach  (Fig^.  49»  b.  A),  yet  as  we 
iiMriMHl  the  HericK,  we  find  it  frraduallv  becoming  more  and  more  detached 
from  that  itT\tM\ ;  and  in  the  higher  Mollusks  it  »  developed  into  a  com- 
piK't.  vlHciiri  (Fig.  [}0f  i,  I),  which  frequently  bears  a  very  large  proportion 
to  tlio  general  niuHS  uf  tiie  body.     As  we  ascend  from  the  lower  to  the 
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pu>'«i«tith)i)  ihoMi'ioUon  hi  n  luoto  luid  lUi^n*  s;sv;jbl-.:.v.  .vt.:~::;z.:  sad  tke 
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general  type  which  these  attain  in  Cephalopods,  closely  approximates  to 
that  nnder  which  we  find  them  in  Fishes.  In  no  instance  does  the  aliment- 
ary canal  possess  any  direct  communication  with  the  "  general  cavity  of  the 
body,"  in  the  midst  of  which  it  is  suspended;  but  it  may  be  affirmed  with 
certainty  that  a  transudation  of  nutritive  material  takes  place  through  the 
walls  of  the  former  into  the  latter,  and  that  this  is  the  channel  through 
which  this  material  finds  its  way  into  the  circulating  system.  For  in  the 
Bryozoa,  there  is  absolutely  no  other  means  by  which  the  body  at  large  can 
be  nourished,  no  true  circulating  apparatus  existing  in  this  group ;  so  that 
the  extension  of  the  visceral  cavity  throughout  the  body,  and  even  into  the 
tentacula  and  stalk,  constitutes  the  sole  means  by  which  the  products  of  the 
digestive  operation  can  be  applied  to  the  nutrition  of  the  parts  remote 
from  the  alimentary  canal.  Where  a  distinct  vascular  system  exists,  it 
communicates  freely  with  this  ** general  cavity  of  the  body;"  so  that  the 
blood  in  one  part  of  its  circulation  is  freely  discharged  into  it.  In  the 
higher  Mollusks,  however,  the  viscera  themselves  occupy  so  large  a  propor- 
tion of  this  cavity,  that  the  remaining  space  is  greatly  reduced  in  size,  and 
presents  so  much  of  the  character  of  an  ordinary  venous  sinus,  that  its  true 
nature  has  not  been  until  recently  discovered.  NotwithstandUlng  this  very 
important  feature  of  degradation,  we  find  the  heart  or  central  impelling 
organ  of  the  circulation  rapidly  becoming  more  and  more  specialized  as  we 
ascend  the  series.  No  trace  of  it,  of  course,  is  to  be  found  in  the  Bryozoa; 
in  the  Tunicata  it  is  generally  but  little  more  than  a  pulsatile  dilatation  of 
one  of  the  principal  trunks  (Fig.  42,  «),  the  direction  of  whose  action  is 
not  definitely  settled ;  in  the  Conchifera^  we  first  meet  with  a  differentiation 
of  auricle  and  ventricle ;  and  this  distinction  becomes  still  more  strongly 
marked,  both  structurally  and  physiologically,  in  the  higher  classes.  With 
the  exception  of  some  of  the  lowest  forms  of  the  inferior  types,  we  every- 
where find  a  special  provision  for  the  aeration  of  the  circulating  fluid  by 
means  of  a  distinct  respiratory  apparatus ;  but  the  position  of  this  varies 
more  than  that  of  any  other  organ  in  the  body ;  and  it  is  seldom  that  any 
other  means  are  provided  for  renewing  the  water  in  contact  with  the  respi- 
ratory surface  than  the  movement  of  the  cilia  with  which  it  is  clothed.  No 
distinct  urinary  apparatus  can  be  detected  in  the  lower  MoUusca ;  but  its 
presence  becomes  distinctly  recognizable  in  the  higher. 

43.  Not  only  the  Bryozoa,  but  by  far  the  larger  proportion  of  the  proper 
Tunicata,  possess  a  capability  of  multiplying  by  gemmation ;  the  degree  of 
connection,  however,  that  continues  to  exist  between  the  gemmse  and  the 
stock  from  which  they  have  been  put  forth,  varies  in  different  groups. 
Thus  in  the  Bryozoa  a  continuity  is  frequently  preserved,  as  in  Lagvncula 
(Fig.  49),  between  the  "  general  cavity  of  the  body"  of  one  Zboid*  and 
another,  through  the  whole  of  life ;  in  Perophora  (Fig.  138),  the  continuity 
is  maintained  by  the  vascular  system,  which  is  here  in  such  &ee  communica- 
tion with  the  general  cavity  of  the  body  that  it  may  be  almost  regarded  as 
a  prolongation  of  it ;  in  JSotryUus  (Fig.  51),  the  buds  are  form^  in  the 
first  instance  by  an  extension  of  the  **  general  cavity  of  the  body"  of  the 
stock,  but  when  they  have  attained  an  advanced  stage  of  development  they 
become  entirely  separated  from  it  and  from  each  other,  although  still  inclosed 
within  a  comimon  envelope;  and  in  Salpa  (Fig.  42),  the  buds  developed 
from  the  **  stolen"  or  creeping  stem  in  the  interior  of  the  stock,  become 

1  The  term  Zooid  has  been  Buggested  bj  Mr.  Huxley,  as  an  appropriate  designation 
for  each  of  the  independent  and  self-maintaining  organisms,  which  collectiYelj  result 
from  a  single  generatiye  act. 
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antil  the  number  proper  to  the  sjiecies  is  attained.  The  nerroiu  syBtein  is 
formed  upon  precisely  the  same  general  plan  as  that  of  the  Annelida ;  the 
ventral  |2:anprlia,  however,  being  considerablj  larger  in  proportion,  in  accord- 
ance with  the  higher  development  of  the  locomotive  apparatus ;  whilst  the 
cephalic  ganglia  also  show  a  great  increase,  in  accordance  with  the  increased 
elaborateness  of  the  sensory  organs.  We  now  find,  moreover,  a  special 
division  of  the  nervous  system,  appropriated  to  the  respiratory  apparatus, 
its  ganglia  being  repeated,  like  the  organs  it  supplies,  in  each  segment; 
and  a  like  special  arrangement  of  ganglia  and  nerves  (of  which  traces  are 
discoverable  among  the  Annelida)  is  provided  for  the  supply  of  the  buccal 
apparatus  and  stomach,  and  is  hence  termed  the  "  stomato-gastric"  sys- 
tem.— ^Thus  we  see  that  in  this  interesting  group  of  animals,  which  exhibits 
in  its  general  organization  the  greatest  elaborateness  that  is  compatible  with 
the  external  maintenance  of  the  uniform  Articulate  type,  a  certain  amount 
of  differentiation  has  already  begun  to  show  itself  in  the  disposition  of  the 
internal  organs. 

49.  This  differentiation  is  carried  to  a  far  higher  extent,  however,  in  the 
class  of  Imects;  in  which  segmental  uniformity  is  completely  sacrificed,  for 
the  attainment  of  the  special  objects  contemplated  in  the  organization  of 
this  type.     In  many  larvtc,  it  is  true,  that  uniformity  is  as  perfect  as  in  the 
Nematoid  Worm  or  the  N^ercid ;  but  in  the  course  of  that  development 
which  is  known  by  the  term  metamorphosis ^  both  the  external  confi^ration 
and  the  internal  structure  of  the  several  segments  become  more  and  more 
diversified ;  and  at  last  we  find  the  entire  body  separated  by  well-marked 
divisions  into  head,  thomx,  and  abdomen,  the  thorax  being  always  com- 
posed of  three  segments,  and  the  abdomen  of  nine,  unless  one  or  two  of 
the  terminal  segments  should  have  been  suppressed.    Now  although  aD 
these  segments,  in  the  larva  state,  may  have  been  equally  provided  with 
locomotive  appendages,  or  may  (on  the  other  hand)  have  been  entirely 
destitute  of  them,  we  find  that,  in  the  perfect  Insect  or  imago,  only  the 
three  thoracic  segments  are  thus  endowed ;  this  limitation  of  the  motor 
organs,  however,  being  accompanied  with  a  much  higher  development  of 
the  members  themselves.     Each  of  the  three  thoracic  segments  is  provided 
^vith  a  pair  of  articulated  legs ;  and  whilst  in  the  Myriapoda  the  successive 
joints  were  almost  exact  repetitions  of  each  other,  we  now  distinguish  the 
diversely-formed  parts  which  are  known  as  the  coxa  or  **hip,"  the/emtir  or 
"thigh,"  i\i^  tibia  or  ** shank,"  and  the  tarsus  or  **foot" — gnomes  which, 
suggested  by  the  analogy  of  animals  constructed  upon  a  plan  essentially 
different,  are  by  no  means  strictly  applicable.     But  besides  these  members, 
which  maybe  considered  as  homologous  with  the  cirrhi  of  the  "ventral 
oars"  of  the  Nereids  (Fig.  53,  d.  c),  the  second  and  third  segments  of  the 
thorax  are  each  furnished  (in  the  typical  Insect)  with  a  pair  of  wings,  which 
may  be  likened  to  the  membranous  lobes  of  the  "  dorsal  oars"  (6),  being 
expansions  of  the  outer  tegumentary  membrane  over  a  framework  supplied 
by  the  dermal  skeleton.     This  skeleton  often  undergoes  very  remarkable 
modifications ;  one  piece  (usually  the  first  segment)  being  sometimes  enor- 
mously developed  at  the  expense  of  the  other  two,  so  as  even  entirely  to 
conceal  them  on  the  dorsal  surface ;  whilst  in  other  instances  a  particd  or 
complete  adhesion  takes  place  between  the  several  rings.     In  either  case,  a 
degree  of  consolidation  of  the  thoracic  segments  is  aiaforded,  which,  whilst 
entirely  destroying  their  mobility  one  upon  the  other,  gives  a  far  more  se- 
cure attachment  to  the  complex  assemblage  of  muscles  (occupying  almost 
the  whole  interior  of  the  thorax.  Fig.  56)  provided  for  the  movement  of  the 
legs  and  wings,  to  which  the  locomotive  function  is  now  delegated.     The 


GENBRAL  VIEW  OF   ANIMAL  KINGDOM* — ^INSKOTS. 


93 


abdominal  segments,  however;  for  tlie  most  pert  preserre  their  prlmitiTe 
ring-like  simpiicity,  and  are  put  in  motion,  one  upon  another,  J>y  lon^- 
tudinal  and  transTerse  muscles  that  differ  little  from  those  common  to  Ar- 
tieulata  generally  -  but  the  abdomen  also  contains  special  groups  of  muscles, 

Fig.  66. 
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B««tIoii  of  the  iTDiik  of  Mi^UltimiX^  mf^aru  (GMkobaTer),  «bowiEig  tbo  compLoxttjr  of  the 
mufrcniar  jr^^lem*  Tliei  irit  B^gmctit  of  tbo  ttio^rax  (2)  is  cbicfl^  occi]pi«>d  by  the  mtiiclea  of 
the  beo^r  ami  by  tboso  of  tbo  finst  pair  of  Ityga.  Th«  ficeoDd  and  tbird  aegmcnts  (3  and  4) 
Gontditi  tbo  verj  Inrj^o  musclci  of  the  wingfl,  and  tbope  of  tbe  two  otber  pmrn  fj'f  Icigs.  I'ba 
«bief  mtM^loA  of  tba  abdomen  ara  tba  long  dorsal  and  abdomioal  r^li,  wbieb  moro  tho  seTertl 
Sdgnienta  one  upon  anotbtr. 

developed  in  connection  with  organs  peculiar  to  certain  tribes  of  Insects, 
OS  stingSi  ovipositors,  &c.  All  this  differentiation  of  the  muscular  Bjstem 
takes  place  gradually,  like  the  CTOlntion  of  the  organs  to  which  the,B€Teral 
groups  of  muscles  are  subservient, 

50,  The  head  of  the  Insect  is  not  only  more  complet<?ly  separated  from 
the  trunk  than  it  is  in  any  other  Articulated  animals,  so  as  to  be  endowed 
with  greater  freedom  of  motion  j  but  it  is  also  provided  with  a  far  more 
elaborate  apparatus  for  sensation.  Thus  the  or  pans  of  vision  appear  to  be 
no  less  effideut  in  guiiling  the  movements  of  these  animals,  than  are  the 
most  perfect  eyes  of  Yertebrata,  although  constructed  upon  a  very  different 
type  :  for  in  the  place  of  a  single  movable  eye  on  each  side  of  the  hea^.  we 
find  an  assemblage  of  cylindrical  or  conical  nctUl,  sometimes  to  the  number 
of  several  thousand,  each  of  them  adapted  to  receive  rays  in  one  direction 
only.  This  arrangement  is  common  to  the  whole  Articulated  series,  with 
the  exception  of  the  Arachnida,  and  is  conformable  to  that  general  plan  of 
repetition  of  similar  parts,  of  which  we  have  seen  so  many  examples  in  them ; 
but  it  is  in  luBects  that  we  find  the  ocelli  most  numerous,  and  their  stmc- 
tare  most  complete.  The  organs  of  touch  are  also  multiplied;  for  besides 
the  antennt^,  which  serve  by  their  elongation  (which  is  frequently  most 
extraordinary)  to  take  cognizance  of  objects  at  some  distance,  we  find  two 
pairs  of  short  paiph  whose  special  function  it  seems  to  be  to  examine  sub- 
Btances  in  the  immediate  neighborhood  of  the  month  -,  and  there  is  reason 
to  believe  that  one  or  both  of  them  are  specially  endowed  as  instruments  of 
I  emeJb  It  is  eertaifi,  too,  that  there  is  some  provision  for  the  sense  of  hear- 
ling \  although  its  special  instrument  has  not  yet  been  positively  made  out. 
I  nervous  centres,  with  which  locomotive  and  sensory  organs  are  in  con- 
"on,  exhibit  very  marked  characters  of  differ entiation,  in  accordance 
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with  the  foregoing  special  developments.  Tlins  whilst  in  the  Larva,  the 
ganglia  of  the  snecessive  segments  correspond  in  size,  and  are  disponed  at 
equal  distances  from  each  other,  we  find  in  the  Imago  an  extraordinaiy 
development  of  the  thoracic  centres  (Fig.  57,  /),  which,  being  also  approxi- 
mated more  closely,  sometimes  even  run  together  into  a  single  ganglionic 
mass ;  whilst  some  of  the  abdominal  ganglia  (m)  almost  disappear,  and 
their  distance  remains  undiminished.  So,  again,  the  cephalic  ganglia  (i&), 
which  in  the  Larva  (as  in  the  lower  Annelida)  scarcely  snqmss  the  ventral 
ganglia  in  size,  attain  an  enormously  increased  development  in  the  Imago ; 
this  being  obviously  related  in  great  part  to  the  perfection  and  activity  of 
the  visual  organs,  by  whose  agency  the  movements  of  these  animals  are 
guided. 

51.  In  the  structure  of  the  Nutritive  apparatus,  and  especially  of  the 
Digestive  system,  the  principle  of  differentiation  is  very  strongly  marked ; 
and  this,  not  only  in  the  type  common  to  the  class  taken  as  a  whole,  bat 
also  in  the  subordinate  modifications  which  its  various  subdivisions  pre- 
sent, adapted  as  they  arc  to  exist  upon  the  most  diverse  kinds  of  nutriment. 
The  buccal  apparatus  presents  two  principal  forms,  one  constmcted  for 
mastication  (as  is  characteristically  seen  in  the  Beetle  tribe),  the  other 
for  suction  (of  which  the  Butterflies,  &c.  present  the  best  examples)  ;  yet 
although  these  forms  are  subject  to  almost  endless  modifications,  the  same 
elementary  parts  may  be  everywhere  traced,  thus  showing  a  most  remark- 
able exanii>Ie  of  ''  unity  of  type."    Tlie  alimentary  canal  always  exhibits  a 
well-marke<l  distinction  into  oesophagus,  stomach,  and  intestine  (c,  d,  e) ; 
and  the  stduiach  is  frequently  furnished  with  an  apparatus  suited  for  the 
median icnl  reduction  of  the  food.     The  glandular  appendages  are  usoally 
more  liiglily  developed  in  this  class,  though  still  preserving  a  veiy  simple 
type,  so  that  their  character  is  chiefly  determined  by  the  part  of  the  canal 
into  which  they  discharge  their  product.     The  circulating  apparatus  Is 
formed  upon  the  incomi)lete  type  already  noticed  in  the  Myriapoda ;  for  its 
centre  consists  of  a  many-chambered  dorsal  vessel  (a,  ct),  from  which  arte- 
rial tninks  ]iroceed  to  the  system  generally ;  whilst  the  return  of  the  blood 
takes  place  tlirough  the  general  cavity  of  the  body,  the  interstitial  lacun» 
iKjtween  the  muscles,  &c.     Some  differentiation  is  observable,  however, 
even  here ;  for  whilst  in  the  larva,  as  in  the  lower  Articulata,  the  chambers 
of  the  dorsal  vessel  correspond  in  number  and  position  with  the  segments 
of  the  body,  their  number  is  reduced  in  the  perfect  Insect,  by  the  contrac- 
tion of  the'  thoracic  chambers  into  a  mere  arterial  trunk,  whilst  those  of  the 
abdomen  are  enlarged  and  become  more  muscular ;  and  although  each  of  the 
latter  continufw  to  act  as  the  heart  of  its  own  segment,  yet  by  their  succes- 
sive cont  met  ions  from  behind  forwai^ds,  they  propel  a  more  vigorous  current 
towards  the  anterior  j>art  of  the  body.   The  respiratory  apparatus  of  Insects 
in  very  jrreatiy  extenae<l,  tlic  trachea;  being  prolonged  into  every  part  of 
the  iKidy ;  in  its  grade  of  development,  however,  no  decided  advance  Is 
made  ii|mn  the  ty]>e  of  the  Myriapoda;  although  indications  of  differentia- 
tion are  seen  in  the  closure  of  the  spiracles  of  certain  segments,  whilst  those 
of  otlM-r  segments  are  enlarged,  so  that  the  whole  apparatus  Is  supplied 
with  air  througli  a  eoniparatively  small  number  of  openings. — The  repro- 
duction of  Insircts,  witli  only  one  known  exception,  is  accomplished  solely 
by  the  true  generative  prfxresH.  The  sexes  are  distinct  throughout  the  class ; 
and  the  males  and  females  are  frequently  distinguished  by  diversities  in  size, 
configuration,  or  color,  as  well  as  by  the  difference  in  their  generative 
organs.     The  seminiferous  or  ovifcrous  tubes  possess  but  a  single  onUet, 
although  they  are  frequently  greatly  multiplied,  or,  if  few  in  number  are 
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extended  through  a  large  part  of  the  body  j  and  the  last  Begrnent  of  the 
abdomen  Is  nsually  adapted  in  the  male  to  serve  as  a  penis  or  intromittent 
organ,  whilst  in  the  female  it  is  deyelopctl  into  an  ovipositor.  In  the  excep- 
tioa  above  alladed  to,  that  of  the  Aphides^  a  sticcession  of  "zuoids"  is  pro- 
'  dnced,  mthout  any  gexual  intenention,  by  a  process  which  seems  to  be 
essentialiy  one  of  internal  gemmation.  No  mnltipLication  of  segments  by 
gemmation  ever  seems  to  occur  in  this  class ;  the  embryo,  when  first  its 
outlines  can  be  discerned,  presenting  the  full  number*  It  seems  obvious, 
then,  that  the  prodnctive  energy  is  here  expended,  not  upon  the  ''  vegeta- 
tive repetition"  of  similar  parts,  but  upon  that  higher  development  of  a 
smaller  number,  which  renders  them  capable  of  a  far  g^reater  variety,  as  well 
as  of  greater  energy,  of  functional  power. — ^The  general  arrangement  of  the 

Fig.  57, 


^^^ 


IJeal  Section  of  Sphinx  iigmtr*  (Privet  Ifft^k-miitfiJ,  tir  pbow  the  reUtiTu  poaitioti  of  iU 
I  liyrgtliJi|^-1^13»  BUC(rpdAiv6  scgmtnu  ;  cr^  *'*  di)r?iil  tp^sk?!  ;  b,  li^meptoaa  baitdi  boldiiij?  it  in 
'  p1n€«  I  e,  oefinphit^QF  j  t^»  vrap  |  tl,  -louitieh ;  e.  r,  inti^itinal  cimal  j  /,  /,  bilmrj  ttibuli ;  (/, 

ca?*uraj  A,  cloaca;  *,  ovary;   *,  cepbalie  ganglia  |   /,  rboracio  ganglia;  jn,  flrst  abdominal 

ganglion. 

Nutritive  organs  in  this  class,  is  shown  in  the  ar.TompaTiying  section  of  a 
Lepidopterons  insect  Ab  compared  with  Yertebrata,  the  whole  body  may 
be  considered  as  inverted;  the  gnuglionic  cohinm  which  answers  to  the 
spinal  cord  being  situated  on  the  ventral  aspect ;  whilst  the  central  organ 
of  the  circulation  is  on  the  dorsab 

52,  A  very  analogous  description  might  be  given  of  the  class  of  Cmn- 

I  iaeta,  in  which  wc  find  the  higher  type  of  articulated  Btmcturo  modified  for 
inhabiting  water  j  but  it  will  ]h}  snlUcicnt  for  our  present  purpose  to  notice 

f  eonie  of  the  most  striking  cijiitrasts  which  it  presents  between  the  lowest 
and  the  highest  degrees  of  differentiation.  Among  some  of  the  Isopod 
Crustacea,  there  is  as  complete  an  equality  between  the  different  segments, 
as  there"  is  in  the  Myriapoda ;  whilst  in  the  Brorh^fourous  Decapods  (Crab 

'  tribe)  there  is  a  most  remflrkable  differentiation » the  segments  of  the  ceidialo- 
thorax  being  bnmenscly  enlarged,  and  fused  (as  it  were)  together,  whilst 
those  of  the  abdomen  are  scarcely  at  all  developed,  and  the  whole  being 
l^overed  in  by  a  earapace  formed  by  an  extraordinary  backward  extension 
of  one  of  the  cephalic  rings.  Tbe  same  kind  of  alteration  extends  to  the 
internal  organs;  for  everywhere  we  notice  a  remarkable  fusion  and  eoneen- 
tration  of  what  are  elsewhere  separate  parts.  Thus  of  the  dorsal  ressel, 
only  a  single  chamber  is  developed  into  a  heart,  1>ut  this  attains  n  very  large 
gize  (Fig.  53,  i),  and  ha^  powerful  muscular  wnlls,  whilst  the  anterior  and 

[  posterior  portions  dwindle  down  into  arterial  trunks  (a,  k).     The  nervous 

•  iystem  exhibits  a  like  concentration ;  all  the  ganglionic  centres  proper  to 

I  the  thoracico-abdominal  segments  being  fused  into  one  mass,  f¥om  which 
nerves  radiate  to  the  limbs  and  to  the  rudimentary  abdomen.     It  i?^  not  in 

^  this  manner  alone,  however,  tliat  the  ordinary  articalated  type  nadergoe 
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modification  in  the  higher  Crastacea;  for  we  find  the  liver  («),  formed 
rather  npon  the  plan  of  Mollnsks  than  npon  that  of  Inaeetay  Imng  a  com- 
pact organ,  composed  of  mnltitades  of  diort  foliiclea  crowded  upon  excre- 
tory ducts  like  grapes  npon  a  stalk ;  and  this  pecnliarity  extends  to  other 
glandular  organs,  as  also  to  the  generatiye.    All  these  modificationa  are  of 

Fig.M. 


Anatomy  of  Cancer  pagunu  (Common  Crab),  the  greater  part  of  the  carapace  haTing  been 
removed ; — a,  ophthalmic  artery ;  b,  miuoles  of  the  stomach ;  e,  stomach  ;  d^  intestine ;  e,  liver; 
ff  testis  ;  g^  flabclla ;  h,  branchiie  in  their  normal  position  ;  t,  heart ;  k,  abdominal  artery ;  /, 
Tault  of  the  flank,  inclosing  the  branchial  carity ;  m,  branchiae  tamed  back. 

special  interest,  when  taken  in  connection  with  the  aquatic  respiration  and 
comparatively  inert  habits  of  these  Crustacea,  which  mark  their  ^fiferentia- 
tion  from  the  ever  active  aerial  Insects,  as  being  (so  to  speak)  in  the  Mol- 
luscan  direction.  It  is  peculiarly  interesting  to  observe,  that  this  extreme 
departure  from  the  **  archetype"  conformation  only  arises  gradually ;  the 
young  Crab,  soon  after  its  emersion  from  the  egf^^  resembling  the  yonng  of 
many  long-tailed  Crustacea;  and  the  extraordinary  development  of  the 
cephalo-thorax,  with  other  specialities  of  structure,  being  only  attained 
after  a  succession  of  changes  that  may  be  considered  as  amounting  to  a 
metamorphosis  (Fig.  TT). 

53.  Although  a  powerful  masticatory  apparatus  is  usually  provided  in 
the  higher  forms  of  this  class,  consisting  of  several  pairs  of  jaws  opening 
laterally,  yet  these  jaws,  which  stand  in  the  same  relation  to  the  cephalic 
segments  that  the  legs  do  to  the  thoracic,  are  not  completely  differentiated 
from  the  locomotive  apparatus ;  the  three  pairs  which  are  posterior  to  the 
mouth  presenting  a  gradual  approximation  to  the  anterior  pairs  of  thoracic 
members,  so  as  to  be  actually  employed  in  the  Stomapods  for  prehension 
and  locomotion,  whilst  in  the  Decapods  the  anterior  thoracic  members  are 
converted  into  supplementary  feet-jaws ;  so  that  a  regular  gradation  is  esta- 
blished between  the  typical  mandibles  in  front  of  the  mouth,  and  the  typi- 
cal legs  belonging  to  the  posterior  segments  of  the  thorax.  Now  in  the 
curious  Limidus  (king-crab),  which  forms  a  connecting  link  between  tjie 
higher  Crustacea  and  the  inferior  group  of  Entomostraca,  the  two  functions 
of  mastication  and  locomotion  are  actually  performed  by  the  same  mem- 
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boB ;  for  the  ordinary  cephalic  matnimeiits  of  inasticatioo  are  wanting, 
snd  the  thoracic  limbs  are  so  armnf^ed  round  the  month,  that  their  basal 
jointB  may  work  aj^inst  those  of  the  opposite  aide,  and  may  thua  serve  as 
jftws,  whilst  the  remainder  of  each  member  acts  m  aa  ordinary  instrument 
of  locomotion  and  prehension  (Fig.  59),     In  the  Entomosimca^  again,  we 


Fi^.  69. 


Fig.  m. 


Tnfpfior  siirrnce  of  Limvitw: — rt,  fin  I 
jinlr  of  tc*!^,  u»ed  as  prehenitler  orgnii?^ 
^j»bjMBljomtfof  flvo  posterior  pairs  of 
Icgii,  nsed  m«  jawa ;  <■,  nbdymitml  appflnd- 
BgPB  bi?ariag  braiicbio:;  d,  en li form  ap- 


At  iVmale  ef  f|ye?o/-*  t^itadricomU: — a,  body;  ft, 
tail;  f,  fintoana;  d,  antcrunakj  (^  ftet?/,  plumoid 
■etffi  of  Ui);  »,  taiU  with  external  ^gg-aaci  i-^c^ 
i}|  E^  F,  a,  pui^cfiflilro  Btagofl  of  develupmenl  of 
young* 


find  the  organs  of  respiration  very  imperfectly  differentiated  from  those  of 
locomotion;  some  of  the  group  being  ftirnishcd  with  ''fin-feet,"  which  are 
obviously  adapted  to  scrrc  both  purposes  at  once ;  and  others  having  more 
special  organs  of  aeration  in  the  plumose  tufts  attached  to  the  legs,  jaws,  and 
tail,  as  in  O^dopi  (Fig.  GO). — There  are  certain  Crustacea,  indeed,  which 
seem  rcferrible  as  regards  their  general  configuration  to  a  higher  type,  but  in 
which  there  ia  so  little  speci  all  nation  of  partj,  that  no  distinct  provision  for 
respiration  can  be  made  out;  and  in  these,  moreoyer,  the  sangnifcrous  sp- 
tera  !s  reduced  to  its  zero  of  development,  there  being  no  dorsal  vessel,  and 
the  flux  and  reflux  of  chylaqueous  ftiiid  in  the  general  cavity  being  the  only 
provision  for  conveying  nutriment  through  the  body  (Fig.  105).  This  con- 
dition is  in  striking  contrast  with  the  centralized  heart,  minutelv-ramifying 
vascular  system,  and  elaborately  constructed  branchial  apparatus,  of  the 
Crab;  but  even  the  latter  retains  a  striking  feature  of  imperfection  in  its 
organs  of  ctrcnlation,  the  sanguiferous  current  having  still  to  pass  through 
the  general  cavity  of  the  body  and  the  interstitml  lacunie  of  the  limbs,  in 
its  transit  from  the  ultimate  ranulications  of  the  arteries  to  the  gills  or  to 
the  heart. 
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54.  In  the  class  of  Arachnida  (Spiders,  Scorpions,  Ac),  we  find  the 
higher  Articulated  tjpc  presenting  itself  under  another  set  of  special  modi- 
fications. These  animals  are  adapted  to  breathe  air  like  Insects,  bnt  bj 
means  of  an  apparatus  of  a  very  different  kind ;  and  thej  are  destined  to 
pass  their  lives  under  very  different  conditions.  Instead  of  possessini^  wings 
and  spending  a  large  part  of  their  time  in  active  movement,  they  lurk  for 
the  most  part  in  holes  and  hiding-places,  and  obtain  their  food  (which  is 
generally  derived  from  living  animals)  by  stratagem.  The  head  and  thorax 
are  fused  (as  it  were)  into  one  mass,  the  cephalo-thorax ;  and  to  this  all  the 
members  are  attached.  Tlie  tactile  a]>pendages  possessed  by  Insects  and 
Crustacea  do  not  here  present  themselves ;  for  the  antenna;  are  wholly  want- 
ing, and  the  maxillary  palpi  are  developed  either  into  instruments  of  pre- 
hension, or  into  members  resembling  the  thoracic  limbs.  Of  tme  legs  there 
are  always  four  pairs ;  and  this  constitutes  the  most  constant  external  cha- 
racter of  the  ^oup.  The  tegumentary  skeleton  varies  considerably  as  to 
its  degree  of  firmness,  in  the  different  members  of  the  class ;  in  the  Spider 
tribe,  which  may  be  regarded  as  its  typical  group,  it  is  so  soft  throughont 
the  abdominal  region,  that  all  appearance  of  segmentation  is  wanting ;  and 
although  somewhat  firmer  in  the  cephalo-thorax,  it  does  not  serve,  like  the 
dense  external  skeleton  of  Insects  and  Crustacea,  to  give  an  unyielding 
sui)port  to  the  locomotive  apparatus.  It  is  interesting  thus  to  observe  the 
partial  disappearance  of  one  of  the  most  characteristic  features  of  Articn- 
latc  structure,  in  a  group  which  must  be  regarded  as  standing  near  the 
borders  of  its  sub-kingdom.  Another  interesting  modification  is  presented 
by  the  structure  of  the  eyes :  which,  although  more  numerous  than  in  Ver- 
tebrata  (Spiders  and  Scorpions  having  six,  eight,  or  even  more),  are  formed 
u])on  the  plan  of  the  visual  organs  in  that  sub-kingdom.  In  the  stmcture 
of  the  respiratory  organs  of  the  higher  Arachnida,  again,  we  find  a  decided 
approximation  to  the  Yertebrated  type,  although  they  are  still  multiple, 
and  open  by  special  orifices  in  the  segments  in  which  they  are  situated,  as 
in  Insects. — ^Like  the  class  of  Crustacea,  this  group  includes  a  large  assem- 
blage of  forms,  which,  while  they  correspond  in  general  plan  of  organiza- 
tion, differ  widely  in  grade  of  development.  Thus,  in  the  Acarida,  it  seems 
doubtful  whether  there  is  any  proper  circulating  system ;  in  the  parasitic 
species  generally,  no  special  respiratory  ajiparatus  can  be  discovered ;  and 
in  the  lowest  forms  of  this  tribe,  the  sexes  appear  to  be  united,  the  ova  be- 
ing dispersed  through  the  tissues  of  the  body,  instead  of  being  developed 
within  a  definite  ovarium.  It  is  remarkable  that,  throughout  this  class,  the 
young  come  forth  from  the  egg  in  their  complete  form,  or  nearly  so ;  and 
that  even  in  the  earlier  stages  of  their  development,  the  Arachnidan  type 
is  very  distinctly  differentiated  from  that  of  other  Articulata,  so  that  the 
embryo  cannot  be  likened  to  any  of  the  lower  forms  of  that  series. 

55.  We  now  arrive  at  the  sub-kingdom  Yertebrata,  which  unquestionably 
ranks  as  the  highest  division  of  the  Animal  Kingdom,  since  it  contains 
those  classes  which  display  the  greatest  perfection  of  organized  structure^ 
as  manifested  in  the  special  adaptation  of  each  part  of  their  organism  to 
some  different  purpose,  and  in  the  consequent  number  and  variety  of  their 
faculties.  Whilst  the  apparatus  of  Nutritive  life  predominates  in  the  Mol- 
lusca  (the  sensori-motor  organs  being  only  enough  developed -to  enable  the 
animal  to  seek  its  food,  or  to  meet  with  an  individual  of  the  opposite  sex, 
where  the  union  of  two  is  required  for  the  purpose  of  generation),  and 
whilst  the  activity  of  the  Sensori-motor  apparatus  is  the  special  character- 
istic of  the  Articulata  (whose  actions  seem  to  be  almost  entirely  instinctive^ 
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that  is,  to  be  performed  withoat  anj  discerBment  or  choice  on  their  ovm 
parta)^  the  Yertebrata  are  distinguished  by  the  high  eyolution  of  that  por- 
tbn  of  the  Xervous  System — the  cerebmm  and  it^  dependencies — whieh 
s%em&  to  minister  to  the  operatioDs  of  iMelligence,  wherein  means  are  adapted 
to  end$  by  the  purpose  and  desl^  of  the  in  dividual  itself.  This  attribute 
reaches  its  highest  development  in  Man,  whose  entire  organization  is  brought 
into  subservienee  to  it ;  but  throughout  almost  the  entire  Vertebrate  series, 
we  see  a  decided  tendency  towards  it ;  indications  of  reasoning  power,  and 
of  the  faculty  of  profiting  by  experienee,  being  discernible  even  in  the  lower 
members  of  it.  The  predominance  of  the  Nervous  System  ib  manifested, 
not  oidy  in  the  incressed  size  of  its  centres,  but  also  in  the  special  provision 
which  we  here  find,  for  the  protection  of  these  from  injury*  la  the  inverte- 
brated  classes,  with  scarcely  any  exeeptions,  wherever  the  nervous  system 
is  enclosed  in  any  protective  envelope*  that  envelope  serves  eqaally  for  the 
protection  of  the  whole  body ;  this  is  the  case,  for  example,  in  regard  to  the 
spiny  integpmeut  of  the  Star«Esh,  the  shell  of  the  Molluseai  and  the  firm 
jointed  rings  of  the  Insect.  Where  exceptions  do  present  themselves,  they 
are  in  tribes  wliich  are  near  the  higher  borders  of  their  respective  snb*king- 
doma,  so  as  to  abut  (as  it  were)  on  the  Vertebrate  region  j  thus  in  the  highest 
Crastaceap  there  is  a  set  of  intenial  projections  from  the  shell,  on  each  side 
of  the  median  line,  which  form  a  series  of  arches  partly  enclosing  the 
ventral  cord  *  and  in  the  naked  Cephalopoda,  the  nervous  centres  are  sup- 
ported, and  in  part  protected,  by  cartilaginous  plates,  which  are  evidently 
the  rudiments  of  a  true  internal  skeleton.  It  is  by  the  high  development 
and  peculiar  arrangement  of  the  Nmtro-Skekion — which  not  only  incloses 
the  nervous  centres,  but  affords  protection  to  the  most  important  viscera, 
fiimiehea  the  system  of  levers  required  for  tlie  apparatus  of  locomotion,  and 
affords  fisced  points  for  the  attachment  of  the  muscles  whereby  these  levera 
are  put  in  action — that  this  sub-kingdom  Is  most  readily  characterized. 
This  neuro-skeleton,  under  all  its  special  modifications,  consists  of  a  longi- 
tudinal series  of  vertebra ;  each  vertebra  being  composed  of  a  centrum ^  a 
neural  fircit  enclosing  the  nervous  centres,  a  h^mal  arch  enclosing  the  centres 
of  the  circulation,  and  lateral  processes;  to  whicli  are  fretjuently  added  d{~ 
verfftm/  appendages.  The  several  vertebne  may  be  very  nneqnally  developed, 
both  as  to  size  and  differentiation  of  parts  j  tlms  we  usually  find  those  of  the 
cranium  (which  never  exceed  four  in  number)  much  larger,  and  their  com- 
ponents more  elaborated,  than  are  those  of  the  caudal  region,  whose  number 
is  much  less  restricted.  So,  again,  one  or  mor#of  these  components  may 
be  suppressed,  the  centrum  being  the  element  most  uniformly  present :  or, 
on  the  other  hand,  any  one  or  more  of  them  may  be  extraordiuarily  de- 
veloped. Thus  in  the  cranium,  especially  of  those  higher  Yertebrata  whose 
cerebrnm  is  large,  the  neural  arches  (Fig,  Gl,  '"")  are  enormonsly  ex- 
panded for  its  reception  ;  whilst  the  htetnal  arches  of  the  three  anterior  of 
these  vertebrm  ("^  forming  the  bones  of  the  face,  are  also  considerably 
extended,  and  their  elements  remarkably  modified  in  form.  In  the  trunk, 
on  the  other  hand,  the  neural  arches  arc  reduced  to  the  dimensions  of  the 
spinal  cord ;  whilst  the  hienml  are  expanded,  chiefly  by  the  elongation  of  the 
lateral  processes  which  arc  incorporated  with  them,  so  as  to  surround  and 
protect  the  visceral  mass.  In  front  of  this  cavity,  we  find  the  hoQnml  portion 
of  the  occipital  vertebra  developed  into  the  scopuhir  arch  (*^*') ;  whilst 
behind  it,  the  pelvic  areh  (**"^)  is  formed  by  a  like  development  of  the 
ha?mal  portion  of  one  of  the  sacral  vertebrte ;  and  it  is  in  the  enormous  de- 
velopment of  the  diverging  appendages  (""^'*)  of  these  vertebras,  that  the 
anterior  and  posterior  members  originate.     In  the  caudal  region,  the  peri- 
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pheral  portiona  of 
tilt.'  %<^rtebro&  are 
gradnallj         sap- 

f)re88ed;  until  at 
ast  nothing  re- 
mains bnt  the  cen- 
trum.' 

56.  The  Terte- 
T)ml  slieleton,  ais  a 
whole^  b  very  dif- 
ferently developed 
in  Tarioas  parts  of 
the  series.  Thus 
in  the  "apodal" 
Fishes,  loco m o \  i on 
i.^  performed  by 
llexion  of  tbe  body 
itself;  and  berp,  aa 
in  the  Worm  tribe, 
we  find  the  skele- 
ton extremely  flexi- 
ble, and  its  divi- 
Rions  indistinct ,  the 
spinal  colanin  be- 
ing a  continaou^ 
cjiinder  of  r^j^rlH- 
age  with  scarcely 
a  trace  of  seg- 
mentation. In  the 
Serpent  tribe, 
again,  which  is 
destitute  of  loco- 
motive append- 
ages, the  yertebne 
are  exiraorfUTiiirily 
multiplied,  and  are 
so  connected  by 
ball  and  socket 
joints,  that  the  en- 
tire column  poa* 
se?iseR  a  most  extra* 
ordinary  degree  of 

»  The  views  of  Pro- 
fess or  Owen,  as  set 
forth  ia  his  masterly 
worka  tjji  tbe  "Ho- 
mol  oleics  of  the  Verte- 
brnttd  Skeleton,"  and 
on  the  «*  Nature  of 
Limbs,"  as  also  in  Us 
"Lectures  on  Com- 
pamtive  Anatomy," 
vol.  ii.,  are  here  fol- 
lowed. 
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flexibility.  [I^ig^  61*.]  In  proportion,  however,  us  distinct  members  arc 
developed,  and  the  power  of  locomotion  is  committed  to  ihemj  we  find  the 
firmness  of  the  spinal  column 


increasing^  and  its  flexibilitj 
diminishing  :  and  in  birds — in 
which,  as  in  Insects,  the  move- 
ments of  the  body  through  the 
air  are  effected  by  muscles  that 
maat  have  very  firm  points  of 
support — the  vertebral  column 
is  much  coDt^olidated  by  the 
union  of  its  diflerent  parts,  so 
BJB  to  form  a  compact  frame- 
work. As  a  general  rule,  then, 
the  mobility  of  the  extremities, 
and  the  fifimiess  of  tbe  verte- 
bra! column,  vary  in  a  converse 
proportion.  The  namber  of 
these  extremities  in  Yertebrata, 
never  exceeds/^fwr ;  and  two  of 
them  are  not  unfrequeutly  ab- 
sent. The  power  of  locomotion 
is  not  developed  to  nearly  the 
same  proportional  extent  as  in 
file  Articulataf  the  swiftest 
Bird,  for  example,  not  passing 
througb  nearly  so  many  times 
its  own  length  iii  the  same  pe- 
riod, as  a  large  proportion  of 
the  Insect  tribes ;  bat  it  is  far 
greater  than  that  which  ia  cha- 
racteristic of  the  Mollusca;  and 
there  is  no  species  that  ia  fixed 
to  one  spot,  without  the  power 
of  changing  its  place.  On  the 
other  hand,  the  highest  Mol- 
lusca  approach  them  very  near- 
ly in  the  development  of  organs 
of  special  sense,  of  which  Yer- 
itbrata  almost  invariably  pos- 
aefis  all  four  kinds — Bight,  hear- 
ings smell,  and  taste. 

57.  A  like  union  of  the  eha* 
Fact  erg  of  the  Articulated  and 
Molluscous  sub-kingdoniH,  may 
be  noticed  in  the  general  rela- 
tions which  the  organs  of  Kn- 
tritive  and  those  of  Animal  life 
bear  to  one  another,    Tlie  for- 
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mer  contained  in  the  cavities  of  the  trunk,  are  highly  developed;  but,  as  in 
the  Mollusea,  they  are  for  the  most  part  nnaymmetrically  disposed.  Of  the 
latter,  the  nervous  system  and  organs  of  the  senses  occupy  the  head,  whilst 
the  muscles  of  locomotion  are  principally  connected  with  the  extremities; 
both  are  symmetrical,  as  in  the  Articulata;  but,  whilst  that  part  of  the 


* 
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nervoas  centres,  wbicb  is  the  instramcnt  of  reason,  is  veiy  largely  developed, 
the  portion  which  is  specially  destined  to  locomotion,  together  with  the 
muscular  systcu  itself,  bears  much  the  same  proportion  to  the  whole  bnlk 
of  tlic  body,  as  it  does  in  the  Articulated  series.  Hence  we  obaeire  that 
the  Ycrtebrata  unite  the  unsymmetrical  apparatus  of  nutrition,  character- 
istic of  the  Mollusca,  with  the  symmetrical  system  of  nerves  and  mascles 
of  locomotion,  which  is  the  prominent  characteristic  of  the  Articnlata; 
both,  however,  being  rendered  subordinate  to  the  great  pnrpose  to  be 
attained  in  their  fabric — ^the  development  of  an  organixation  through  which 
intelligence  may  peculiarly  manifest  itself.  For  the  operation  of  this,  a  de- 
gree of  r/^/icrtt/ perfection  is  required,  which  is  not  manifested  elsewhere; 
and,  in  order  that  the  body  may  be  always  in  a  state  of  readiness  for  active 
exertion,  it  is  requisite,  not  merely  that  it  should  be  adequately  nonriahed, 
but  that  it  should  be  constantly  maintained  at  a  high  tcmperatare.  This 
is  fully  the  case,  however,  vni\i  only  the  two  higher  classes  of  Yertebrata; 
which,  in  their  power  of  generating  sufficient  heat  to  counteract  the  effect 
of  external  vicissitudes,  and  in  the  uniformity  of  their  rate  of  vital  activity, 
contrast  strikingly  with  the  Invertebrated  classes.  Indications  of  a  like 
power,  however,  though  less  energetic  in  its  operation,  are  presented  in 
Reptiles  and  Fishes.  The  maintenance  of  a  constantly-high  temperatnre, 
and  the  support  of  the  system  under  the  demands  created  by  its  anceasing 
activity,  involve  an  energetic  performance  of  the  functions  of  respiration 
and  circulation ;  and  these  again  require  a  constant  snpply  of  alimentarj 
material,  and  great  activity  in  the  ])rocess  of  digestion.  The. Digestive 
apparatus  usually  presents  a  high  degree  of  specialization ;  its  simplest 
forms  (as  among  the  Invertcbrata)  being  found  in  those  tribes  which  obtain 
their  food  by  the  suction  of  animal  juices,  and  its  most  complicated  in  the 
vegetable-feeders.  Not  only  do  we  almost  invariably  find  the  stomach  ana- 
tomically separated  by  valvular  constrictions  from  the  oesophagus  and  in- 
testinal tube,  but  it  is  completely  diflTerentiated  firom  them  in  function  also ; 
the  intestine  itself  generally  exhibits  varieties  of  conformation  and  of  en- 
dowments in  different  parts  of  its  course ;  and  the  number  and  complexity 
of  its  accessory  glands  is  greatly  augmented.  The  anterior  part  (consider- 
ing the  animal  as  placed  horizontally)  of  the  visceral  cavity  is  usually  occn- 

Fig.  02. 


Iilenl  Section  of  a  Mammal,  illustrating  the  Vertebrate  typo  of  stnietare: — P,  pectoral  ©x- 
trcmities;  v,  ventral  extremities;  a«,  anus;  au,  organ  of  bearing;  6,  brain;  cA,  rA,  spinal 
chord;  (/,  dinphragm;  ep,  epiglottis;  g,  stomach;  h,  heart;  t,  intestine;  j^',  jaws;  it,  kidney; 
I,  liver;  1g,  lung;  m,m,  muscles;  cp,  oesophagus;  o/,  organ  of  smcU;  op,  organ  of  vision;  o«, 
mouth,  containing  organ  of  tasto;  p,  pancreas;  «,  spleen;  9k,  ak,  skeleton;  t,  trachea;  tt,  testis; 
u,  urinary  bladder;  v,v,  vertebral  column. 
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pied  by  the  heart  and  respiratory  or^rans,  and  the  posterior  by  the  dige§tiT6 
and  excretory  apparatus ;  it  h  only  in  Mamraale,  however,  that  the  separa- 
tion between  these  portions  is  completely  made,  by  the  interposition  of  a 
diaphrn^m.  I'he  general  eanty  of  the  body  ib  now  altogether  cut  off  from 
participation  in  the  tran^njlssion  of  nutritive  fluid;  a  special  s^ystem  of 
vessels  being  interposed  for  the  ahsorj^tion  of  sanguifying  inateritils,  alike 
from  the  digestive  cavity,  and  from  the  interstftial  lacunte  of  tlie  tissues 
(renei-nlly,  and  for  the  introdnction  of  these  into  the  blood-current ;  whilst 
tie  proper  sanguiferous  system  of  vessels  forms  a  completely-closed  circuit. 
All  Yertcbrata  (save  the  Amphioxim)  have  red  blood,  which  is  ])ut  in  motioa 
by  a  single  dii^ttnct  mascnkr  organ,  the  Heart ;  and  the  Respiratory  organs, 
whether  formed  for  aquatic  or  for  atmospheric  respiration,  are  always  placed 
in  immediate  cotmexion  with  that  organ,  so  as  to  receive  a  stream  of  blood 
directly  from  it.  The  respimtory  apparatus,  moreover,  always  draws  in  its 
supplies  of  the  aerating  medium,  whether  air  or  water,  through  the  mouth; 
and  these  supplies  are  renewed  by  means  of  rhythmical  muscular  movemeuts, 
Bustiiined  by  an  automatic  action  of  the  nervous  system.  The  rest  of  the 
apparatus  for  the  depuration  of  the  blood  presents  a  very  high  development 
in  the  Tertehrated  classes ;  the  etrueture  oi  the  glands  by  which  it  is  effected 
being  each,  as  to  combine  the  greatest  fuuctioaal  activity  with  the  closest 
concentration  of  the  organic  Tncchani^m  concerned  in  it, 

68.  The  power  of  Reproduction  hy  gemmatmn  Is  limited  in  this  scries  to 
the  reparation  of  lost  or  injured  parts,  and  nowhere  extends  (save  at  an 
early  period  of  the  evolution  of  the  germ,  when  its  grade  of  development 
corresponds  with  that  of  the  simpler  Zoophytes')  to  the  multij>lication  of 
independent  "zooids."  The  two  kinds  of  generative  organs  being  never 
combined  in  the  mm%  individual,  the  concurrence  of  two  of  opposite  scXcs 
is  required  for  each  generative  act.  In  the  lower  Yertebrata,  it  is  sufficient 
that  the  products  of  the  male  and  female  organs  should  come  into  contact 
aft^r  their  ejctrusion  from  the  body  ■  but  in  the  higher,  the  ova  are  feililized 
while  yet  within  the  body  of  the  female,  and  are  commonly  retained  there 
for  a  shorter  or  longer  time  afterwards.  In  nearly  all  Yertebrata,  the 
young  animal,  when  It  iiret  eomei?  forth  into  the  world,  has  the  characters 
of  the  class  to  which  it  belongs ;  and  those  of  its  order,  family,  genus,  and 
species^  if  not  at  once  distinguishable,  speedily  become  so,  the  special  type 
being  evolved  out  of  one  more  general,  without  any  true  metamorphosis : 
«uch  a  metamorphosis,  however,  does  take  place  in  one  remarkable  group, 
that  of  Amphibia  or  Batrnchian  Reptiles  j  the  niembcrB  of  which  come  forth 
from  the  egg  in  the  form  and  condition  of  Fishes,  and  gradually  assume 
that  of  Reptiles  by  a  series  of  changes  in  which  every  pail  of  their  organism 
is  concerned, 

69.  The  Yertebratc  iypi}:  of  structure  displays  itself  under  four  principal 
aspects ;  in  comparing  which  we  can  scarcely  fail  to  recognisie  the  difference 
so  frequently  insisted  on,  between  ^rade  and  phm  of  development.  For  the 
Physiologist  has  no  hesitation  in  affirming,  that,  whilst  each  of  the  classes 
of  Fishes,  Reptiles,  Birds,  and  Mammals,  has  a  certain  eharacterisJtic  con- 
formation  that  is  typical  of  it,  they  may  be  regarded  as  parts  of  a  series, 
which  on  the  whole  ascends  with  considerable  regularity  from  the  lowest 
Fish  to  the  highest  Mammal  \  since  he  traces  in  every  one  of  the  chief 
divisions  of  the  organism,  alike  in  the  apparatus  of  animal  and  in  that  of 
vegetative  life,  a  gradual  progress  from  a  simpler  and  more  general  to  a 

*  Tlie  ndinisainn  of  thii  exception  will  be  hereafter  stowu  (Cliap.  XI.)  to  be  require il 
by  Uie  preficut  stiLt^  of  our  knowleilge  in  regiird  to  the  fonaatioa  of  dmhlt  m<?n*l<rf- 
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more  elaborate  and  specialized  type.  This  is  peculiarly  obvious  in  the 
organs  of  Circalation  and  llespiration,  and  in  those  of  Reprodaction ;  and 
it  is  from  those,  aecordinf^ly,  that  the  Naturalist  draws  his  best  characters 
for  the  separation  of  the  four  classes  in  question.  Thus  in  Fishes,  which 
arc  especially  adapted  for  an  aquatic  life,  the  aeration  of  the  blood  is  accom- 
plished by  gills,  as  in  the  MoUusca,  and  the  heart  (as  in  that  sab-kingdom) 
possesses  only  a  single  auricle  and  ventricle ;  but  the  relation  of  the  heart 
to  the  branchial  circulation,  and  the  mechanical  arrangements  for  renewing 
the  water  in  contact  with  the  gills,  are  such  as  to  affoi^  to  the  blood  of  this 
class  a  far  higher  degree  of  oxygenation,  than  that  which  the'circalating 
fluid  of  the  Mollusks  can  receive.  The  three  higher  classes  of  Vertebrata 
are  organized  for  atmospheric  respiration ;  but  to  this,  in  ReptUes,  only  a 
part  of  the  blood  is  subjected ;  the  heart  usually  possessing  only  three  cavi- 
ties, and  the  blood  transmitted  to  the  system  being  a  mixture  of  that  which 
has  beeu  just  returned  from  it  in  a  venous  condition,  with  blood  that  has 
been  arterialized  by  transmission  through  the  lungs.  On  the  other  hand, 
in  Birds  and  Mammals,  the  arrangement  of  the  circulating  apparatas  is  such, 
that  the  pulmonary  and  systemic  circulations  are  completely  separated,  each 
having  its  own  heart,  and  the  one  following  upon  the  other ;  so  that  the 
whole  current  of  blood  is  alternately  transmitted  to  the  system  and  to  the 
lungs,  and  what  has  returned  from  the  tissues  in  a  venous  state  is  entirely 
oxygenated  before  being  transmitted  to  them  a  second  time.  But  these  two 
classes,  whilst  separated  from  Fishes  and  Reptiles  by  the  type  of  circulating 
and  respirating  apparatus  which  they  both  present,  are  separated  from  each 
other  by  the  mode  in  which  their  generative  function  is  performed ;  Birds, 
like  Fishes  and  Reptiles,  being  oviparous ;  whilst  Mammals  retain  their  ova 
within  their  bodies,  until  the  cmbr}'o  is  sufficiently  advanced  in  its  develop- 
ment for  it  to  be  nourished  externally  by  mamnmry  suction. — As  the  struc- 
ture and  action  of  the  principal  organs  of  Vertebrata  will  hereafter  be  con- 
sidered in  detail,  it  will  be  sufficient  here  to  indicate  the  general  plan  of 
conformation  which  prevails  in  each  class  respectively,  and  especially  that 
part  of  it  which  is  exhibited  in  the  structure  of  the  skeleton. 

60.  The  skeleton  of  Fishes  departs  less  from  the  "archetype,"  than  does 
that  of  either  of  the  other  classes:  but  it  presents,  nevertheless,  certain 
special  modifications,  that  adapt  it  to  the  peculiar  conditions  under  which 

these  animals  are  destined  to  exist 
Thus  with  a  low  development  of  the 
neural  arches  of  the  cranial  vertebne, 
in  conformity  with  the  small  size  of 
the  brain,  we  find  the  hsemal  arches 
of  great  size;  the  greater  part  of 
their  expansion  being  destined  to 
give  to  the  buccal  apparatus  the 
power  of  prehension,  which  is  neces- 
sitated by  the  absence  of  prehensile 
power  in  the  Iimb»;  whilst  certain  of 
their  elements  are  specially  adapted 
to  afford  support  and  protection  to 
the  respiratory  apparatus.  So  in  the 
conformation  of  the  skeleton  of  the 
trunk,  we  find  its  lowness  of  type  in- 
,.u    T'  ,1      i.    rr^     dicated  by  the  "vegetative  repeti- 

A,  Oblique  view  of  the  Vertebra  of  a  Cod;     a*      „     -  «{L,;u«  v.««*n.   +1,^  «.^..4.ii       t 

B.  Section  of  three  connected  vertebra,  fhotr-  >^<^^  o^  Similar  parts ;  the  vertebral 
ing  the  intervortebrai  space*.  Segments  diffenug  much  less  from 


Fig.  03. 
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each  other,  than  thej  do  in  any  of  the  higher  animals  save  Serpeats,  bo 
tliat  DO  distinctioa  into  regions  is  marked  out.  The  rertehree,  too,  are  very 
loogelj  framed  together,  so  that  great  freedom  of  motion  h  permitted  ia  a 
lateral  direction ;  the  support  everj-wltere  ^iven  by  the  medium  which  these 
rBJiiinalB  inhabit,  preventing  the  neeessity  that  exists  in  higher  animals  for 
Boch  a  close  connectioa  of  different  parts  of  the  framework,  as  shall  enable 
it  to  i^est  securely  on  a  limited  nnmber  of  points.  The  most  remarkable 
pecnJiarity  whieh  this  condi- 


tion involves,  ia  the  cupped 
form  of  each  of  the  surfaces 
of  the  "eeatra'*  or  bodies  of 
the  vertebra!  (Fi|^.  63),  which 
work  over  an  intervening  se- 
ries of  doably-convex  inter- 
vertebral capsules,  in  snch  a 
manner  as  to  impart  great 
freedom  of  movement  to  the 
entire  column.  It  m  by  lateral 
strokes  of  the  toil  and  poste- 
rior part  of  the  trunk,  whose 
BUjrface  is  extended  by  the 
vertical  aiedlan  fins,  that  the 
acts  of  locomotion  are  chiefly 
effected ;  the  functions  of  the 
pectoral  and  ventral  fins, 
which  answer  to  the  anterior 
find  posterior  members  of 
higher  animals,  being  gene- 
rally limited  to  balancing  the 
body  and  changing  its  direc- 
tion *  T  here  are  ecrtai  n  e  ascs, 
however,  in  which  the  enor- 
mous development  of  the 
pectoral  fins  enables  them  to 
serve  as  the  special  instru- 
mem 3  of  locomotion;  and 
when  this  is  the  case,  the 
spinal  column  is  shorter  and 
less  flexible  than  nsuaL  The 
"rays''  upon  whieh  the  me- 
dian fins  (dorsal,  caudal,  and 
anal)  are  supported,  lielong 
not  to  the  vertebral  but  to 
the  dermal  skeleton;  as  do 
also,  it  seems  probable,  the 
intercalary  bones  that  support 
them,  whieh  are  implanted 
between  the  neural  spines  of 
the  vertebno.  In  the  pecto- 
ral fins,  which  are  always  situ- 
ated immediately  behmd  the 
head,  in  eoanection  with  the 
occipital  segment  from  whoso 
hiemal  arch  they  are    deve- 


[Fig,  03*. 


Skekton  of  Sen-Perch  (Xafn).] 


100     GENERAL  PLAN  OF  ORGANIC  STRUCTURE  AND  DEVELOPMENT. 

loped,  the  arm  and  forearm  do  not  manifest  themselves  eztemallj,  being 
hidden  within  the  tnink ;  the  extended  surface  of  these  fins  is  conseqaentlj 
given  by  the  elongation  and  mnltiidieation  of  the  carpal,  metacarpal,  and 
])halangcal  bones ;  and  their  movements  are  limited  to  flexion  and  exten- 
sion at  the  wrist-joint.  [Fig.  63'*'.]  There  is  no  stemnm  in  Fishes,  the 
hflcmul  arches  of  the  dorsal  vertebra;  being  never  closed  in  beneath ;  and 
the  sca])ular  an^h  is  consequently  destitute  of  the  snpport  which  it  else- 
where derives  from  that  bone,  being  only  completed  by  the  meeting  of  the 
coracoids  on  the  median  line.  The  ventral  fins,  which  arc  formed  upon 
the  same  general  plan  with  the  pectoral,  have  no  fixed  position :  for  the 
pelvic  arch  is  not  connected  with  the  spinal  column  in  any  other  way  than 
l3y  a  ligamentous  band,  and  there  is  no  such  consolidation  of  two  or  more 
vertebnil  centra  for  its  support,  as  elsewhere  constitutes  a  "sacmm."  In 
those  fishes  especially  which  enjoy  a  considerable  range  of  depth,  the 
ventral  fms  are  advanced  towards  the  head,  l)eing  sometimes  sitnated  even 
in  front  of  the  pectorals. — The  denual  skeleton  of  Fishes  is  usnally  more 
developed  than  it  is  in  the  higher  classes,  and  comes  into  closer  connection 
with  the  neuro-skeleton.  It  sometimes  forms  a  complete  bony  envelope  to 
the  entire  body,  and  seems  to  have  done  so  especially  in  the  Fishes  of  the 
earlier  periods  of  the  world's  history;  but  the  general  investment  more 
commonly  consists,  in  the  existing  Fishes,  of  thin  plates,  whose  stmctnre 
is  essentially  cartilaginous,  though  tnie  osseous  tissue  is  still  commonly 
found  in  the  dermal  ''rays"  and  intercalary  bones  which  support  the  median 
fins.  To  the  dermal  skeleton,  moreover,  may  be  referred  the  Teeth ;  which 
in  this  class  approximate  much  more  closely  in  structure  to  bone,  than  they 
do  in  Reptiles  or  Mammals ;  and  become  more  intimately  connected  with  the 
bones  of  the  jaw,  so  as  to  be  even  joined  on  to  tnem  by  continuous  ossification. 

61.  In  the  Muscular  and  the  Nervous  apparatus,  we  observe  the  same 
tendency  to  vegetative  repetition  of  similar  parts,  coupled  with  special 
developments  for  particular  purposes,  as  we  have  noticed  in  the  skeleton ; 
and  the  cephalic  centres  of  the  latter  are  remarkable  for  the  very  small  size 
of  the  Cerebrum,  in  proportion  to  that  of  the  sensorial  centres.  The  Sym- 
pathetic system  of  nerves,  moreover,  is  not  distinctly  difTcrentiated  in  some 
of  the  lower  Fishes  from  the  cerebro-spinal ;  and  even  in  the  higher,  it  retains 
a  peculiarly  intimate  connection  with  the  pneumogastric  nerve.  The  gene- 
rative apparatus  of  Fishes  generally,  although  in  some  respects  higher  ia 
type  than  that  of  the  Invertebrata,  is  lower  in  grade  of  development ;  there 
is  no  intromittent  organ,  the  ova  being  fertilized,  after  they  have  been 
deposited,  by  the  casual  contact  of  water  through  which  the  male  semen  has 
been  diffused.  The  embryo  at  the  time  of  its  emersion  from  the  egg,  is  far 
from  having  acquired  all  its  parts  and  organs,  and  depends  for  some  time 
upon  the  store  of  food  contained  in  the  yolk-bag  which  hangs  down  from 
the  abdomen  ;  and  the  young  receives  no  care  or  sustenance  from  its  pa- 
rents. In  the  higher  Cartilaginous  fishes,  on  the  other  hand,  there  is  a 
true  sexual  congress,  so  that  the  ova  are  fertilized  within  the  body ;  and 
they  are  sometimes  delayed  there  until  an  advanced  period  of  the  evolution 
of  the  embryo,  deriving  additional  supplies  of  nutriment  from  the  parent 
during  the  latter  part  of  this  period.  And  it  is  worthy  of  special  remark, 
that  with  this  prolongation  of  the  period  during  which  the  embr}'o  is  sup- 
ported from  external  sources,  a  much  higher  grade  of  development  is  ulti- 
mately attained  by  many  organs,  especially  by  the  nervous  system. 

G2.  The  class  of  Reptiles  includes  a  collection  of  animals  of  very  diversi- 
fied conformation,  which  nevertheless  agree  in  certain  lending  peculiarities 
of  anatomical  structure  and  physiological  action,  that  distinguish  them  from 
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ikll  other  Yertebrata,     They  are  for  the  most  part  adapted  to  inhabit  the 
surface  of  the  earth,  along  which  they  creep  or  craw!,  rather  than  run  or 
leap ;  and  those  which  live  in  wat^r  are  obliged  (with  few  exceptions)  to 
come  to  the  surface  to  breathe.     The  arrangement  of  their  circulating  and 
i  Tcspiratory  apparatus,  however,  being  such  as  to  aerate  only  a  part  of  the 
'blood-etirrent,  their  demand  for  oxygen  is  far  less  energetic  than  that  which 
exists  in  other  Tertebratu:  and  they  can  endure  a  lonj^^er  privation  of  it. 
This  want  of  respiratory  aetivity  is  (so  to  speak)  the  manifestation  of  that, 
general  inei-tness,  both  of  the  organic  and  of  the  animal  functions,  whicli  is 
\  tlie  distinguishing  physiological  character  of  the  class.     Their  demand  for 
food  ts  not  fret|ucntly  repeated^  and  they  can  sustain  a  very  long  privation 
f  cf  it ;  their  perceptions  arc  obtuse,  and  their  movements  are  sluggish  *  alto- 
I  gcther  they  may  he  said  to  live  very  slowly^  though  their  degree  of  yital 
activity  varies  with  the  temperature.     There  is  a  marked  general  accord- 
ance, again^  among  all  the  orders  of  Reptiles,  in  the  degree  of  development 
I  of  the  cerebnim,  as  compared  with  the  sensorial  centres  j  this  being  inter- 
I  mediate  between  the  almost  rudimentary  condition  under  which  that  organ 
trsually  presents  itself  in  Fishes^  and  the  greatly  augmented  size  which  it 
I  possesses  in  Birds. 

03.  The  differences  between  Frogs,  Serpents^  Lfjsards,  and  Turtles,  arc 
i  most  apparent  in  the  alieleton ;  but  these  depend  rather  upon  the  suppres- 
'  sion  of  certain  parts,  and  upon  the  e^scessive  development  of  others,  than 
upon  any  essential  diversity  of  t^^e*     The  skeleton  of  a  Lizard,  at  the  first 
view,  does  not  present  any  marked  difference  from  that  of  a  Mammal.     We 
find  an  evident  distinction  between  neck,  trunk,  and  tail ;  and  both  the 
anterior  and  posterior  extremities  now  have  a  fixed  position,  and  are  so 
connected  with  the  spinal  coiuinn  that  the  weight  of  the  body  may  be  sup- 
ported on  them.     In  no  existing  Reptiles,  however,  are  more  than  two 
rertebrte  united  to  form  a  sacrum ;  so  that  the  junction  of  the  pelvic  arch 
with  the  spinal  column  cannot  possess  the  same  firmness  m  in  Mammals, 
I  Those  sacrum  is  usually  composed  of  from  four  to  six  segments.     The  total 
^  number  of  vertebra;  is  often  very  considerable,  but  the  multiplication  is 
'  chiefly  in  the  caudal  region ;  and  the  caudal  vertebra  are  remarkable  for 
laving  their  hasmal  arches  continned  backwards  like  the  nearal,  forming 
f  what  are  known  as  the  chevron-bones*     The  most  distinctive  peculiarity  ia 
I  the  skeleton  of  the  trunk,  is 


'  the  backward  prolongation  of 
the  sternum  and  of  the  sternal 
ribs  over  a  considerable  part 
of  the  abdominal  region.  The 
bones  of  the  extremities  are 
externally  formed  nearly  upon 
the  p!an  of  those  of  terrestrial 
Mammals ;  but  differ  from  them 
lu  the  inferior  degree  of  deve- 
lopment of  processes  for  mus- 
cular attachment,  and  in  having 
no  medullary  cavity,  their  inte- 
rior being  occupied  throngh- 
ont  by  cancellated  structure* 
Their  dimensions  arc  propor- 
tional to  the  weight  which  they 
have  to  sustain^  and  to  the  use 
that  13  to  be  made  of  them  in 


mg.  u. 


V 


Bimanfu, 


S^p«. 


108    GENERAL  PLAN  OF  ORGANIC  STRUCTURE  AND  DETXLOPMXNT. 


tbe  act  of  progression ;  and  we  may  pass  from  the  order  of  Idsards  towards 
that  of  Serpents  through  a  continuous  series  of  forms  (Fig.  64),  in  which 
the  limbs  become  more  and  more  feeble  until  we  lose  all  external  traces 
of  them,  whilst  at  the  same  time  the  body  becomes  more  elong«ted  and 
serpent-like.  In  the  true  Serpents,  the  locomotiTe  power  is  entirely  with- 
drawn from  the  limbs  (the  rudiments  of  which,  where  they  exist,  are  applied 
to  the  purpose  of  **  claspers"  in  copulation) ;  and  not  only  are  the  scapular 
and  pelvic  arches  rudimentiuy,  but  the  sternum  is  entirely  undeTeloped,  so 
that  the  extremities  of  the  ribs  are  free,  as  far  at  least  as  the  endo-skeletoii 
is  concerned.  On  the  other  hand,  the  body  is  inmiensely  elongated,  chiefly 
by  the  multiplication  of  the  dorsal  Tcrtebree ;  thus  in  the  jPjfikan,  the  total 
number  of  vertebrsB  is  422,  of  which  about  six-sevenths  possess  ribs.  The 
spine  is  extremely  flexible ;  and  the  ribs  whose  extremities  are  connected 
with  the  abdominal  scuta  of  the  integument,  can  be  employed  in  some 
degree  as  instruments  of  progression,  moving  backwards  and  forwards 
^beneath  the  skin.  In  the  elongated  and  cylindrical  form  of  their  bodies,  in 
the  multiplication  of  its  segments,  and  in  their  mode  of  progression,  Se^ 
pents  bear  a  striking  resemblance  to  the  lulidss  (Fig.  54).  Their  inter- 
nal organization  partakes  of  the  general  elongation ;  for  one  of  the  longs 
(the  other  being  very  little  developed)  and  the  ovary  extend,  like  the  intes- 
tinal tube,  through  a  large  part  of  the  cavity  of  the  trunk ;  and  the  liver 

Fig.  G5. 


Emytaura  Serpentina, 

and  kidneys  are  also  considerably  lengthened,  although  not  to  the 
degree.   In  the  structure  of  the  nervo-muscular  apparatus,  there  is  a  remark- 
able degree  of  '*  vegetative  repetition,"  as  in  the  lower  Articulata;  for  the 

spinal  cord,  although  forming  a 


[Fig.  65*. 


Segment  of  Carapace  and  Plaetroiul 


continuous  column,  is  of  nearly 
the  same  diameter  throughont, 
resembling  in  this  respect  the 
gangliated  ventral  cord  of  the 
ikfyriapods;  and  the  successive 
pairs  of  intervertebral  nerves 
which  it  gives  off,  supply  muscles 
whose  form  and  arrangement  are 
almost  exactly  the  same,  from 
one  end  of  the  body  to  the  other. 
— In  the  Batrachian  Reptiles 
(Frogs,  &c.),  a  modification  of 
precisely  the  opposite  character 
is  superinduced  upon  the  ordi- 
nary Reptilian  conformation ;  for 
the  body  is  shortened,  not  merely 
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by  the  non-development  of  the  tail  (at  least  in  the  Anoura,  which  are  the 
types  of  the  group),  but  also  by  a  reduction  of  the  number  of  vertebr©  of 
the  trunk ;  whilst,  on  the  other  hand,  the  extremities  are  enormously  de- 
veloped, locomotion  being  entirely  performed  by  their  agency ;  the  ribs, 
moreover,  are  undeveloped,  but  the  sternum  is  of  large  size,  so  as  to  give 
protection  to  the  viscera,  as  well  as  attachment  to  the  muscles  which  cover 
them. — Another  still  more  remarkable  modification  is  presented  in  the 
Gheloma  (Turtles,  Ac),  which  have  the  body  enclosed  within  a  "  shell" 
formed  of  a  carapace  and  plastron  [Fig.  65'*'] ;  the  carapace  or  dorsal  arch 
being  formed  by  the  coalescence  of  dermal  bones  with  the  expanded  ribs ; 
whilst  the  plasjron,  or  ventral  shield,  is  formed  by  an  expansion  of  the 
sternum  and  sternal  ribs,  still  further  extended  by  the  development  of  por- 
tions of  the  dermal  skeleton  in  continuity  with  them.  The  spinal  column 
is  here  completely  immovable,  the  vertebrse  being  anchylosed  to  each  other 

Fig.  66. 


Skeleton  of  lehthyofaunu, 

and  to  the  carapace;  so  that  the  act  of  locomotion  is  completely  dele- 
gated to  the  extremities,  the  bones  of  which  are  highly  developed.  A 
transition  between  the  Ghelonia  and  the  Sauria  is  established  by  such  ani- 
mals as  the  Emysaura  (Fig.  65) ;  which  have  the  shell  so  contracted,  and 
the  neck,  tail,  and  limbs  so  much  elongated,  that  these  cannot  be  drawn 
within  it ;  and  which  have  at  least  as  much  of  the  Alligator  as  of  the  Tor- 
Fig.  67. 


Skeleton  of  Ple9t09aHnM, 


toise  in  their  general  habits. — ^Besides  the  existing  orders  of  Reptiles,  we 
are  acquainted  with  fossil  remains,  which  must  be  referred  to  this  class,  but 
for  the  reception  of  which  three  additional  orders  must  be  formed ;  and  it  is 


I 


110     GKNERAL  PLAN  OF  OROANrC  STRVCrURE  AND  DETELOPMENT. 

interest  infc  to  remark  tliut  these  orders  maj  be  eonsidered  as  representing 
the  other  three  classes  of  Vcrtebruta.  Thus,  the  Enaiiatauria^  of  vhich 
the  lelithyosuurus  (Fig.  G6)  and  the  PIcsiosaurus  (Fig.  67)  are  the  types, 
are  Lizard-like  animals  adapted  to  lead  the  life  of  Fishes  ;  their  vertebrs 
heing  hiconcave  as  in  that  class,  and  the  whole  skeleton  of  the  tmnk  haTing 
an  extniordinarj  mobility ;  but  the  act  of  locomotion  having  been  chiefly 
])errormod  by  the  members,  which  are  constructed  rather  upon  the  plan  of 
tlic  paddles  of  the  Cetacea  (though  with  a  ''  vegetative  repetition"  in  the 
number  of  phalangeal  bones),  and  are  connected  with  the  spine  by  scapular 
and  pelvic  arches  of  remarkable  strength. — So,  again,  in  the  Pierodactylut 
we  find  the  ordinary  Saurian  type  adapted  to  a  Bird-like  life :  the  chief 
modification  being  in  the  anterior  extremities,  which  hav^  a  single  digit 
enormously  lengthened  for  the  su])port  of  a  wing-like  expansion  (Fig.  1) ; 
but  various  peculiarities,  bearing  upon  the  same  end,  being  observable  in 
other  ])arts  of  tlie  skeleton,  which  were  doubtless  connected  with  analogous 
modifications  of  its  internal  organization.  Of  these,  the  hollowness  of  the 
wing-bones,  which  so  strongly  resemble  those  of  certain  longipennate  Birds 
as  even  to  have  been  mistaken  for  them,  is  one  that  is  interesting  from  its 
physiological  relations. — Lastly,  the  Mammalia  seem  to  have  been  repre- 
Hciited  ill  the  order  JXnosaiiria,  consisting  of  gigantic  Ile])tiles  which  were 
elevated  upon  much  longer  limbs  than  existing  Lizards ;  for  their  skeletons 
l)rese!it  several  features  of  analogy  to  that  class,  the  surfaces  of  the  verte- 
bra? ))eing  generally  flattened,  the  ribs  being  connected  with  the  vertebne 
by  a  double  articulation,  at  least  live  vertebrjB  being  consolidated  into  a 
sacrum,  so  as  to  give  a  very  firm  banis  to  the  pelvic  arch,  and  the  bones 
having  a  central  medullary  cavity. — Notwithstanding  these  and  other  modi- 
fications of  the  Rei)tilian  type,  its  essential  characters  are  obviously  main- 
tained in  all  the  foregoing  orders ;  and  these  are  peculiarly  manifested  in 
the  structure  of  the  cranium 

()4.  The  vertebral  elements  of  the  Reptilian  cranium,  although  not  as 
distinct  from  each  other  as  in  the  Fish,  undergo  far  less  coalescence  than  in 
warm-blooded  animals ;  and  the  number  of  bones  which  remain  separate,  is 
therefore  very  considerable.  Thus  in  the  Crocodile,  although  one  of  the 
highest  existing  forms  of  the  class,  the  four  i)ieces  of  the  neural  arch  of  the 
occipital  segment,  which  coalesce  to  form  the  **  occipital  bone"  of  Man, 
remain  pennanently  distinct ;  so,  again,  the  **  sphenoid  bone"  is  represented 
by  six  i)ieces,  the  "frontal  bone"  by  three,  and  the  ''temporal"  by  four. 
In  all  the  scaly  lleptiles,  the  occipital  segment  is  articulated  with  the  verte- 
bral column  by  a  single  condyle  formed  by  its  centrum,  which  is  received 
into  a  hollow  in  the  body  of  the  "atlas"  (or  first  vertebra  of  the  neck),  just 
as  the  convexity  at  the  back  of  each  ordinarj-  vertebra  is  received  into  a 
concavity  of  the  vertebra  behind  it :  in  the  naked-skinned  Batrachia,  how- 
ever, the  connection  is  made  by  a  double  condyle — a  character  which  alone 
serves  to  distinguish  the  skull  of  any  of  these  animals,  from  that  of  all  other 
Reptiles.  In  the  Perennibranchiate  fonns  of  this  order,  the  general  con- 
formation of  the  skull,  as  well  as  other  parts  of  the  skeleton,  presents  a  verv 
close  a])proximation  to  the  ichthyic  tyj)e.  The  skull  of  Serpents  is  chiefly 
remarkable  for  the  extraordinary  dilaiability  of  the  entrance  to  the  month ; 
which  is  especially  due  to  the  want  of  union  between  the  two  halves  of  the 
lower  jaw  on  the  median  line,  and  to  the  mobility  of  the  elements  of  the 
tympano-mandibular  arch  with  which  it  is  articulated ;  but  partly  also  to 
the  imperfect  approximation  between  the  bones  of  the  upper  jaw,  which 
have  only  a  ligamentous  connection  with  each  other.  In  the  Chclonia,  on 
the  other  hand,  the  component  pieces  of  the  jaws  are  very  firmly  united  to 
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tm\i  otber  j  and  an  increased  extent  i^  glvm  in  tlie  Jfarine  Turtles  to  Ibe 
surface  of  attachment  for  the  powerful  tempoml  muscle ^  by  the  addition  of 
a  bony  arch  covering'  its  exterior — this,  however,  not  being  an  entirely  new 
stmcture,  but  being  formed  by  er[)aiisioiis  proceeding  from  the  parietal, 
posterior  frontal,  malar,  squamosal,  and  mastoid  boneti.  With  tlie  excep- 
tion of  the  Chelonia,  nearly  all  Keptiles  possess  a  dental  apparatna,  which 
is  intermediate  in  its  structure  and  mode  of  development;  between  that  of 
Fishes  and  that  of  Mammals.  For,  save  among  a  few  extinct  genera,  all 
Reptiles  possessing  teeth  exhibit  more  or  less  of  approximation  to  the  for- 
mation  of  sockets  for  their  reception  *  and  a  very  iatereating  correspondence 

Fig,  6S, 
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may  be  traced  between  the  various  grades  of  such  approximation,  and  the 
Buccessive  stages  of  dental  development  in  the  embryo  of  higher  animals, 
TLns  whilst,  in  the  extinct  MommuruSf  the  tooth  ie  simply  anchylosed  at 
its  base  to  the  margin  of  the  jaw  (Fig.  68) — no  dental  groove  having  ever 
been  formed,  Ijut  only  dental  papillae — in  the  greater  number  of  ordinary 
Ltzartk  and  Frogs,  the  alveolar  ridge  is  elevated  on  the  outer  margin  of  the 
jaw  (the  teeth  being  anchylosed  to  it),  so  as  to  form  the  outer  wall  of  the 


Portion  of  j«W  of  ifrjaJoMNrut, 

dental  groove,  as  in  a  Human  embryo  of  about  the  tth  week  ;  in  the  extinct 
IchthymauTHs,  this  groove  is  completed  by  a  corresponding  elevation  of  the 
inner  margin  of  the  jaw,  and  an  indication  is  presented  of  transverse  di- 


112     GENERAL  PLAN  OF  ORGANIC  STRUCTURE  AND  DBVXLOPMEN' 

vision  into  sockets,  as  in 'a  Unman  embryo  somewhat  more  advanced; 
most  Serpents  and  some  Batrachia,  the  teeth  arc  snrroanded  by  shallo 
sockets,  to  which  their  bases  become  adherent ;  whilst  in  the  extinct  /%fi 
saurus  and  the  whole  Crocodilian  proup,  the  sockets  are  deep  enough 
give  finn  hold  to  the  teeth,  which  remain  free  as  in  Mammals.  The  ba 
of  the  teeth  in  Reptiles,  however,  is  seldom  contracted  into  a  "  fang ;"  ai 
in  no  instances  arc  Reptilian  teeth  implanted  like  those  of  Mammals  bv  i 
verginp^  fangs.  The  form  and  structure  of  the  teeth  in  this  class  are  f 
the  most  part  conformable  to  one  simple  plan,  there  being  very  little  diffc 
cntiation  as  to  either ;  they  seldom  de]>art  much  from  the  simple  cone,  mo 
or  less  acute  at  its  point,  and  arc  obviously  adapted  more  for  seizing  ai 
holdinf?  prey,  than  for  dividing  and  masticating  food ;  and  their  most  i 
markable  modifications,  one  for  carnivorous  (Fig.  69),  and  the  other  f 
herbivorous  regimen  (Fig.  70),  are  seen  in  two  genera  of  the  extinct  ord 
of  Dinosauria,  which  in  many  other  particulars  appear  to  have  approachi 
Mammalia.     In  the  entire  order  of  Chelonia,  the  teeth  are  replaced  bj 

Fig.  70. 


Portion  of  lower  Jaw  and  teeth  of  Igvanodon. 


homy  beak,  which  is  developed,  like  the  teeth,  from  a  number  of  distini 
papillae  along  the  margins  of  the  jaw-bones ;  and  the  same  is  the  case  wil 
the  larvffi  of  the  Batrachia,  which,  however,  cast  off  the  beak  when  tht 
assume  the  perfect  Reptilian  condition,  their  jaws  then  becoming  fornishf 
with  teeth. 

65.  The  class  of  Birds  may  be  considered  as  the  physiological  antithes 
to  that  of  Reptiles ;  its  /^/a»  of  development  being  far  more  complete 
opposed  to  that  which  prevails  in  the  lost-described  class,  than  is  that  * 
Mammals;  though  as  regards  the  grade  of  development  of  the  great 
number  of  their  organs,  Birds  are  manifestly  intermediate  between  ReptU( 
and  Mammals. — Taken  as  a  whole,  the  members  of  this  class  exhibit  a  r 
markable  conformity  to  one  general  type,  presenting  in  this  respect  a  markc 
contrast  to  the  diversity  which  we  have  seen  to  prevail  amongst  Reptilec 
and  this  conformity  is  both  structural  and  physiological,  being  shown  alii 
in  the  plan  of  organization,  and  in  the  working  of  the  organic  mechanisn 
They  have  been  denominated,  and  not  inappropriately,  '*the  Insects  of  tl 
Vertebratcd  series ;"  possessing  as  they  do  a  series  of  adaptations  for  paa 
ing  their  lives,  not  upon  the  solid  ground,  nor  in  water,  but  in  the  elasti 
and  yielding  air,  which  are  very  analogous  (though,  from  the  difference  b( 
tween  the  Vertebratcd  and  Articulated  types,  they  cannot  be  homologom 
to  those  which  form  the  essential  characteristics  of  Insects.  This  is  espec 
ally  obvious  in  the  extension  given  to  the  respiratory  apparatus  through 
large  part  of  the  fabric;  which  has  the  double  effect  of  adding  to  the  n 
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spiratory  surface,  in  the  degree  necessary  for  that  perfect  oxygenation  of 
the  blood  which  is  required  to  sustain  their  wonderful  activity  of  movement, 
and  of  diminishing  the  specific  gravity  of  the  body  by  the  substitution  of 
air  for  more  weighty  matters.  Birds,  again,  resemble  Insects  in  the  com- 
plete delegation  of  the  locomotive  power  to  the  members,  and  in  the  con- 
solidation of  the  skeleton  of  the  trunk ;  and  the  movements  of  flight  are 
performed  in  a  manner  essentially  the  same,  although  the  wing  of  the  Bird 
has  no  anatomical  relation  to  that  of  the  Insect,  being  rather  the  repre- 
sentutive  (so  far  as  any  part  of  a  Vertebrated  animal  can  represent  a  part 
of  an  Articulated)  of  its  anterior  legs. — ^Birds  stand  in  remarkable  contrast 
vdth  Reptiles,  moreover,  in  the  energy  with  which  all  their  vital  operations 
are  performed.  The  high  degree  of  nervo-muscular  activity  which  they 
put  forth,  can  only  be  kept  up  by  a  very  energetic  performance  of  the  nu- 
tritive processes;  and  this  involves,  and  is  at  the  same  time  subservient  to, 
the  maintenance  of  a  very  elevated  temperature  (100® — 112®).  Some  In- 
sects, during  the  period  of  their  greatest  activity,  generate  as  much  heat  as 
Birds ;  but  they  cannot  sustain  this,  and  are  cgnsequently  liable  (like  cold- 
blooded animals  generally)  to  be  reduced  to  a  state  of  complete  torpidity 
by  a  depression  of  external  temperature,  which  Birds  have  the  power  of  re- 
sisting. In  the  tegumentary  covering  of  Birds,  we  have  a  most  remarkable 
combination  of  attributes ;  for  it  serves  alike  to  retain  the  animal  heat  within 
the  body,  in  virtue  of  its  non-conducting  power,  and  to  give  the  required 
expansion  of  surface  to  the  wings.  It  is  only  in  a  few  birds  which  are  in- 
capable of  flight,  that  we  find  any  considerable  modification  of  this  import- 
ant feature ;  the  Penguin,  which  has  many  Reptilian  aflSnities,  having  the 
feathers  on  the  anterior  members  (which  act  as  fins  in  propelling  the  bird 
through  the  water)  metamorphosed  into  the  likeness  of  scales ;  while  in  the 
several  members  of  the  Ostrich  tribe,  which  usually  have  wings  still  more 
undeveloped  than  those  of  the  Penguin,  and  which  are  only  fitted  for  pro- 
gression by  running  like  Mammals  npon  their  elongated  legs,  the  feathers 
present  closer  and  closer  approximations  to'  hairs. 

66.  The  bony  framework  constituting  the  Bird's  vertebral  skeleton, 
presents  a  series  of  peculiarities  which  distinguish  it  most  completely  from 
that  of  other  Vertebrata;  and,  as  in  Reptiles,  there  is  no  part  more  cha- 
racteristic of  the  class,  than  the  craniom.  Whilst  that  of  Reptiles  is  re- 
markable for  a  permanent  separation  of  a  great  number  of  its  vertebral 
elements,  that  of  Birds  is  no  less  remarkable  for  the  close  union  which  very 
early  takes  place  among  these,  so  that  the  sutures  between  the  different  por- 
tions of  the  neural  arches  are  abolished,  and  the  whole  brain -case  seems 
formed  of  a  single  piece.  The  bones  of  the  face,  however,  do  not  undergo 
the  same  consolidation ;  for  they  are  always  so  connected  with  those  of  the 
cranium,  as  to  possess  considerable  mobility ;  and  their  union  among  them- 
selves is  seldom  complete.  In  the  mode  of  articulation  of  their  lower  jaw, 
Birds  agree  with  other  Oviparous  Vertebrata,  and  differ  from  Mammals ; 
for  the  tympanic  portion  of  the  temporal  bone  remains  distinct  from  the 
rest,  and  forms,  as  in  Reptiles  and  Fishes,  a  pedicle  interposed  between  the 
jaw  and  the  solid  part  of  the  cranium.  Each  ramus  of  the  jaw  is  origin- 
ally formed,  as  in  Reptiles,  of  six  pieces ;  but  whilst  these  remain  perma- 
nently distinct  in  Reptiles,  their  coalescence  begins  very  early  in  Birds ; 
and  this  goes  on  until  the  number  of  pieces  is  reduced  to  three  on  either 
side ;  whilst  by  the  coalescence  of  the  two  which  touch  on  the  median  line, 
the  total  number  of  pieces  is  further  reduced  to  five.  It  is  interesting  to 
remark  that  the  traces  of  the  original  separation  of  these  elements  remain 
longest  in  those  aquatic  Birds,  which  show  in  other  parts  of  their  confor- 
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rnation  the  closest  approximation  to  the  Reptilian  type.  The  sknll,  as  in 
rno.-ft  Uepti]e.s,  is  still  articulated  with  the  vertebral  eolnmn  by  a  single 
tuhirrcle,  formed  by  the  centrum  of  the  occipital  vertebra;  an  incipient 
iicparation  of  the  articulating  surface,  however,  into  two  lateral  halres,  be- 
in  tr  occasionally  presentcfi. — The  length  of  the  neck,  and  the  nomber  of 
v«:rtebne  of  which  it  is  composed,  vary  considerably  in  the  different  tribes 

[Fig.  70*. 


Skeleton  of  the  Siran  (C^gnuM  ferue).] 

of  liirds,  niid  seem  in  each  to  have  reference  to  its  own  peculiar  requirc- 
menlH;  thus  in  the  long-legged  Waders  and  Struthious  birds,  the  neck 
KeeiriM  eIoii«rHted  for  the  pnrfKjse  of  enabling  the  head  to  reach  the  ground 
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without  flexure  of  the  limbs ;  whilst  in  the  Swan  and  other  short-legged 
aquatic  birds,  we  find  a  similar  elongation,  the  purpose  of  which  is  obvi- 
ously to  allow  the  bill  to  be  pluDged  deep  into  the  water  in  search  of  food, 
whilst  the  body  is  floating  on  the  surface.  The  tail,  on  the  other  hand,  is 
always  very  short,  or  even  almost  rudimentary ;  and  it  serves  no  other  pur- 
pose than  to  support  the  tail-feathers,  by  whose  agency  the  birds  of  active 
flight  are  steered  as  by  a  rudder.  [Fig.  TO*.]*  Whilst  the  eervical  vertebra; 
are  connected  with  each  other  in  such  a  manner  as  to  insure  great  mobility 
(synovial  capsules  being  interposed  between  their  articulating  surfaces,  in  the 
place  of  intervertebral  fibro-cartilage),  those  of  the  dorsal  region  (especially 
in  Birds  of  active  flight)  are  so  united,  as  to  provide  for  the  greatest  fixity 
that  is  compatible  with  the  degree  of  mobility  required  in  the  osseous  frame- 
work for  respiratory  and  other  purposes.  The  ribs  have  for  the  most  part 
a  double  articulation  with  the  spinal  column ;  and  they  are  prevented  from 
moving  too  freely  upon  each  other,  by  the  splint-like  processes  (**  diverging 
appendages")  which  project  from  the  posterior  margin  of  each,  and  over- 
lap the  rib  behind  it,  to  which  it  is  attached  by  fibrous  ligaments.  The 
spinal  ribs  are  connected  with  the  sternum  by  true  osseous  sternal  ribs, 
which  have  regular  articulations  at  each  end,  so  as  to  allow  freer  motion  to 
the  sternum  for  the  alteration  of  the  capacity  of  the  thorax.  The  sternum 
is  more  remarkably  developed  in  Birds  than  in  any  other  Vertebrata ;  being 
so  augmented  in  length  and  breadth,  as  to  cover  the  ventral  surface  of  a  great 
part  of  the  abdominal  as  well  as  of  the  thoracic  cavity ;  and  usually  having 
its  central  part  elevated  into  a  keel  or  ridge,  the  degree  of  prominence  of 
which  bears  a  regular  proportion  to  the  strength  of  the  pectoral  muscles, 
and  consequently  to  the  power  of  flight.  The  ribs  being  developed  from 
all  the  vertebrae  between  the  scapular  and  pelvic  arohes,  the  usual  **  lumbar" 
region  would  seem  to  be  wanting  in  Birds ;  but  this  is  probably  due  to  its 
absorption  (so  to  speak)  into  the  sacral  region ;  for  the  iliac  bones  are  pro- 
longed very  far  forwards,  and  are  connected  with  a  far  larger  number  of 
vertebrae  than  we  elsewhere  find  giving  support  to  them,  the  number  of 
segments  in  the  sacrum  of  Birds  being  scarcely  ever  less  than  10,  and  being 
augmented  especially  in  Birds  whose  support  and  locomotion  chiefly  depend 
upon  the  posterior  extremities,  even  to  19. — The  scapular  arch  is  still  formed 
upon  the  plan  which  prevails  through  the  lower  Vertebrata;  the  principal 
connection  of  the  scapula  with  the  sternum  being  effected  by  means  of  the 
coracoid  bone,  whilst  an  independent  clavicular  arch,  the  degree  of  deve* 
lopment  of  which  varies  greatly  in  different  tribes  of  Birds,  is  formed  by 
the  union  of  the  two  clavicles  on  the  median  line,  constituting  the  *'  furcula." 
The  anterior  extremity  is  chiefly  remarkable  for  the  longitudinal  extension 
and  lateral  consolidation  of  the  bones  of  the  hand ;  only  two  carpals  and 
two  metacarpals  being  distinguishable  (the  latter  anchylosed  together),  and 
only  one  digit  attaining  any  considerable  development  (Fig.  2)  though 
rudiments  of  a  thumb  and  of  one  or  two  additional  digits  are  usually  trace- 
able. The  osseous  framework  of  the  wing  is  destined  simply  for  the  attach- 
ment of  muscles,  and  for  the  support  of  the  integument  in  which  the  wing- 
feathers  are  implanted;  it  being  by  these,  and  not  by  any  continuous 
expansion  of  the  skin  itself  (as  in  Bats  and  the  extinct  Pterodactyles)  that 
the  required  surface  is  afforded.  The  pelvic  arch  is  not  merely  remarkable 
for  the  great  number  of  sacral  vertebrae  which  are  anchylosed  to  form  its 
support,  but  also  for  the  separation  of  its  two  lateral  halves  at  the  median 
symphysis ;  its  incompleteness  at  that  part  appearing  to  have  reference  to 

1  [The  corresponding  parts  in  Figs.  70  are  simUarly  designated.  £d.] 
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the  relativelj  larger  size  of  the  eggs  of  Birds,  whilst  the  eztraordioaiy 
elongation  as  well  as  pecoliar  firmness  of  the  socro-ilioc  symphysis  would 
seem  intended  to  compensate  for  this  deficiency.  In  the  conformation  of 
the  lower  extremity,  we  have  chiefly  to  notice  that  the  femur  remains  short, 
even  when  the  general  elongation  of  the  limb  is  the  greatest ;  it  being  in 
the  tibia  and  metatarsus  timt  the  greatest  variations  occur.  The  fibula  is 
rarely  i)resent  as  a  separate  bone,  being  usually  anchylosed  with  the  tibia, 
and  being  sometimes  almost  undistinguishable.  The  tarsal  bones  are  an- 
chylosed with  the  metatarsal  at  an  early  period  in  the  life  of  most  Birds ; 
and  the  metatarsus  appears  to  consist  of  but  a  single  bone,  althougb  there 
are  indications  that  it  contains  the  elements  of  three,  these  remaining  dis- 
tinct in  the  Penguin  for  a  considerable  i)art  of  their  length.  The  foot 
usually  possesses  four  digits,  with  sometimes  the  rudiment  of  a  fifth  ;  but  in 
some  of  the  Struthions  birds  wc  find  the  number  reduced  to  three,  or  even 
two.  The  number  of  ]ihalanges  is  five  in  the  fourth  or  outermost  digit,  bat 
diminishes  regularly  to  two  in  the  first  or  innermost. 

07.  As  might  be  expected  from  the  analogy  of  Birds  with  Insects,  and 
from  the  large  proportion  of  their  body  that  is  occupied  with  the  apparatus 
of  locomotion,  the  organs  of  nutrition  are  com])nratively  small ;  but  what 
is  wanting  in  size  is  made  up  in  functional  activity.  The  remarkable  de- 
velopment of  the  instinctive  proi)ensitie3  is  another  interesting  point  of 
corresi>ondence  between  the  two  classes ;  there  being  this  difference,  how- 
ever, between  them,  that  whereas  the  actions  of  Insects  appear  to  be  entirely 
governed  by  these  propensities,  those  of  Birds  are  modified  by  their  intelli- 
gence. In  respect  to  this  attribute,  as  in  the  develoj)ment  of  the  Ccrebnun 
which  is  its  instrument,  Binls  appear  to  be  strictly  intermediate  between 
Reptiles  and  Mammals ;  and  in  the  general  structure  of  their  sensorial  appa- 
ratus a  like  position  is  indicated,  whilst  in  particular  points  of  conformation 
they  differ  from  both  these  classes. — It  is  interesting  to  observe  how,  with- 
out any  essential  departure  from  the  type  of  Generative  apparatus  which 
prevails  among  the  lower  Vertebrata,  a  much  higher  physiological  character 
is  here  imparted  to  the  function.  Tlic  store  of  nutriment  provided  in  the 
egg  for  the  embryo,  is  very  much  larger  in  proportion  to  the  bulk  of  the 
animal ;  so  that  its  development  can  be  carried  on  to  a  higher  point,  before 
it  is  thrown  upon  its  own  resources.  Again,  the  evolution  of  the  germ, 
and  its  appropriation  of  the  nutriment  thus  provided,  are  i)romoted  by  the 
high  temperature  which  is  constantly  im])arted  l)y  the  body  of  the  parent. 
And  even  after  its  emersion  from  the  egg,  the  young  Binl  generally  remains 
for  some  time  more  or  less  dependent  ui)on  its  parent  for  warmth  and  nur- 
ture ;  this  dependence  being  usually  most  prolonged  and  complete,  in  Birds 
whose  faculties  ultimately  attain  the  highest  elevation. 

68.  The  Mammalia  are  universally  admitted  to  form  the  highest  group 
in  the  Animal  Kingdom ;  not  only  as  being  that  to  which  Man  belongs,  but 
also  as  possessing  the  most  differentiated  organization,  adapted  to  perform 
the  greatest  number  and  variety  of  actions,  and  to  execute  these  with  the 
greatest  intelligence.  This  high  development  is  obviously  connected  with 
that  greatly-prolonged  connection  between  the  i)arcnt  and  the  offspring, 
which  is  the  special  characteristic  of  the  class.  The  ovum  of  Mammals  is 
very  small  in  comparison  with  that  of  Birds,  and  the  store  of  nutriment 
which  it  contains,  serves  only  for  the  earliest  period  of  the  developmental 
process ;  but  in  the  latter  stages  of  this  process,  the  embryo  draws  for  itself 
a  continual  supply  from  the  circulating  fluid  of  the  parent,  by  means  of  a 
new  and  special  apparatus ;  and  after  this  has  ceased,  and  it  has  come  into 
the  world  alive,  it  is  nourished  for  some  time  longer  by  the  mammary  secre- 
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tion.  The  degree  of  deTelopment  which  the  fetus  has  attained  at  the  time 
of  its  birth,  liowever,  varies  considemlily  in  the  different  orders,  ns  does 
also  the  comi>leteiiess  of  the  apparatna  by  which  the  fcetng  draws  its  nutii- 
mcnt  from  the  parent ;  and  hence  is  founded  the  division  of  the  class  into 
the  two  sub-classes  otPhcetitai  and  Lfiplacental  Mammals— the  special  a]*pa- 
ratus  for  the  nutrition  of  the  fcetus  of  the  latter  never  attaining  the  chaTacter 
of  a  true  ^^  placenta,"  and  their  whole  organization  presenting  many  points! 
of  affinity  to  that  of  the  oviparous  VerteJjrata.  Here,  again,  therefore,  we 
have  a  marked  illustration  of  the  general  conformity  between  the  grade  of 
development  ultimately  to  be  attained,  and  the  degree  and  duration  of  the 
parental  assistance  early  afforded  to  the  embryo  ;  and  this  is  further  manifest 
in  the  general  correspondence  which  may  be  noticed,  between  the  degree 
and  duration  of  the  depenrlence  of  the  yoring  animal  upon  its  parent  after 
birth,  and  the  elevation  of  its  subsequent  condition.  Tho&e  which  are 
earliest  able  to  obtain  tlieir  own  food  and  to  keep  wp  an  independent  tern* 
peratnre,  make  (for  the  rao.st  part)  bnt  btt!e  advanee  beyond  tliat  point ; 
whilst  the  highest  development  of  the  cerebrnm,  and  the  most  deeideil  indi- 
cations of  intelligence,  are  met  with  among  those  whose  |>criod  of  uelf- 
sapport  is  the  longest  postponed.  In  the  case  of  Man,  the  prolongation 
of  the  period  of  infanev  hm  a  most  important  and  evident  influence  upon 
the  social  economy  of  the  race. 

69.  The  clas!?  Mammalia,  taken  as  a  whole,  is  not  characterized  so  much 
by  the  possession  of  any  one  ]>artieular  faculty — like  that  which  has  been 
seen  in  Birds — as  by  the  perfect  combination  of  the  different  powers, 
which  renders  the  animals  belonging  to  it  susceptible  of  a  mach  greater 
variety  of  actions,  tlian  any  others  can  perfonn.  There  are  none  that  can 
compete  with  Birds  in  acuteness  of  sight  j  but  there  are  few  that  do  not 
possess  the  senses  of  smell,  taste,  and  touch  in  a  more  elevated  degree. 
There  are  none  which  can  rival  BirrJs  in  rapidity  of  loeoraotion ;  but  there 
are  few  which  cannot  perform  several  kinds  of  progression.  Their  inferior 
energy  of  muscular  movement  is  aeeompnnied  by  an  inferior  amotint  of 
respiration ;  the  type  of  the  respiratory  apparatus,  however,  is  higher  than 
in  Birds,  &  large  extent  of  surface  being  comprised  within  a  smaller  si*aec. 
Tfie  lungs  are  confined  to  the  cavity  of  the  thorax  ;  and  there  is  a  provision 
for  the  regular  renewal  of  the  air  received  into  them,  by  tlie  action  of  the 
diaphragm,  which  here  completely  separates  that  cavity  from  the  abdomen. 
The  diminished  amount  of  respiration,  again,  Involves  the  production  of  a 
lower  degree  of  animal  heat;  so  that  the  temperatnre  of  this  class  seldom 
rises  above  100^,  There  is  less  need  of  means,  therefore,  for  effectually 
confining  their  caloric — especially,  too,  aa  their  greater  average  size  causes 
their  radiating  snrface  to  be  much  less  in  proportion  to  their  bulk,  than  is 
that  of  Birds ;  and  accordingly,  we  find  them  provided  only  with  a  covering 
of  hair  or  fur,  which  is  much  less  warm  than  that  of  feathers,  and  which  is 
nsnally  thai  and  scanty  in  Mammals  inhabiting  tropical  climates.  In  the 
Cetacea,  which  are  animals  adapted  to  lead  the  life  of  Fishes,  the  same  end 
is  answered  by  the  interposition  of  an  immense  quantity  of  oleaginous  nuit- 
ter  in  the  meshes  of  their  enomionsly-thickencd  skin ;  thus  forming  the 
**  blubber,"  which  constitutes  an  admirable  badly-conducting  septum  between 
the  warm  body  of  the  animal  it  incloses  and  the  cold  water  of  the  snrronntl- 
ing  ocean, — The  inferior  nerro-mnscnlar  energy  of  Mammah  as  compared 
with  Birds,  renders  it  unnecessary  that  the  nutritive  functions  in  general 
should  be  carried  on  with  that  extraordinary  activity  which  characterises 
the  last-named  class.  Accordingly,  we  find  that  the  demand  for  food  is  less 
constant,  the  digestive  process  is  less  rapidly  accomplished,  and  the  circula- 
tion is  slower  than  in  Birds;  whilst  on  the  other  hand  the  "waste**  of  tlw 


118   GENERAL  PLAN  OF  OBQANIO  8TRUGTUBS  AND  DBVKLOPMENT. 

body,  as  indicated  noC  merelj  bj  the  amonnt  of  carbonic  acid  set  free,  but 
by  that  of  the  other  excreta  (especially  the  urinary),  is  leas  considerable, 
although  the  or^rans  by  which  it  is  eliminated  are  developed  (like  the  respi- 
ratory apparatus)  upon  a  higher  plan. 

70.  Although  the  skeleton  of  any  ordinary  four-footed  Mammal  presents 
a  strong  general  resemblance  to  that  of  a  Lizard,  the  mode  of  locomotion 
being  the  same  in  both  cases,  a  considerable  advance  in  the  grade  of  de- 
velopment is  observable,  when  the  osseous  framework  is  more  closely  ex- 
amined. This  is  remarkably  the  case  with  regard  to  the  intimate  stractare 
of  the  bones  themselves,  which  are  conformable  to  the  Reptilian  type  (in 
the  absence  of  any  well-marked  central  cavity)  at  an  early  period  of  their 
evolution,  but  in  which  a  dense  shaft  with  a  hollow  interior  is  afterwards 
Ku1)stituted  for  the  cancellated  tissue  which  at  first  prevails  throoghoat ;  and 
it  is  the  case  also  with  regard  to  the  consolidation  which  the  skeleton  under- 
goes, by  the  gradual  union  of  parts  originally  developed  from  distinct 
centres.  The  skeletons  of  the  non-placental  Mammals,  however,  present 
many  interesting  links  of  affinity  to  those  of  Reptiles ;  as  do  also  those  of 
the  gigantic  extinct  Sloths  [Fig.  TOf],  between  which  and  the  Dinosanria 

[Fig.  7(>t. 


Skeleton  of  the  Sloth.] 

there  seems  to  have  been  a  mutual  approximation. — The  conformity  of  the 
different  onlers  of  Placental  Mammals  to  one  ])lan,  as  shown  in  the  structure 
of  their  skeleton,  is  much  greater  than  it  is  in  Reptiles.  We  never  find  the 
extremities  entirely  suppressed,  as  in  Serpents ;  nor  are  the  ribs  anywhere 
absent,  as  in  Frogs ;  nor  is  there  any  such  junction  of  the  denno-skeleton 
with  the  ncuro-skeleton,  as  presents  itself  in  the  Turtles,  although  the 
former  may  constitute  (as  in  the  Armadillo)  a  complete  bony  envelope. 
Still,  the  modifications  which  do  present  themselves,  are  fur  more  con- 
siderable than  arc  exhibited  by  the  class  of  Birds ;  and  these  have  reference, 
as  in  Reptiles,  to  the  adaptation  of  Mammals  for  residence  in  the  water, 
like  Fishes,  or  for  passing  a  large  part  of  their  lives  on  the  wing,  like 
Birds.     In  the  Cctacea,  the  power  of  locomotion  is  almost  entirely  taken 
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away  from  the  extremities,  and  given  back  to  the  trank,  as  in  Fishes,  the 
posterior  extremities  being  entirely  deficient,  whilst  the  anterior  serve  only 
for  guidance ;  there  is  this  import- 
ant difference,  however,  that  the  [Fig.  70J. 
tail,  which  is  flattened  vertically  in 
Fishes,  is  flattened  horizontally  in 
Cetacea,  which,  being  air-breath- 
ing animals,  need  the  power  of 
frequently  coming  to  the  surface 
to  respire.    [Fig.  TOJ.]     In  the 
Cheiroptera,  on  the  other  hand, 
the  power  of  locomotion  is  almost 
entirely  delegated  to  the  anterior 
extremities,  most  of  the  bones  of 
which  are  of  large  proportional 
dimensions,  the  principal  elonga-           Foreshortened  Tjew  of  Skeleton  of  Whalo 
..         ,           '        •*.        .     .1.     I.   °            (Z?aten/)|><era  6ooi)»),  showing  its  relative  8 we 

tion,  however,  bemg  in  the  bones     to  man.J 
of  the  hand  (Fig.  2,  e);  and  their 

skeletons  exhibit  various  other  adaptive  modifications  for  the  same  end,  the 
sternum,  for  example,  having  a  prominent  keel,  and  the  pelvis  having  its 
arch  incomplete,  as  in  Birds.  But  although  the  paddles  of  the  Whale  may 
remind  us,  in  position  and  external  aspect,  of  the  pectoral  fins  of  a  Fish — 
the  rudimentary  condition  of  the  neck  causing  them  to  be  situated  just  be- 
hind the  head,  and  the  inclusion  of  the  short  arm  and  fore-arm  within  the 
trunk  leaving  only  the  bones  of  the  hand  to  support  the  undivided  skin — 
the  essentially  Mammalian  type  may  be  traced  in  all  the  parts  of  the  skele- 
ton of  these  members  (Fig.  2,  c) ;  the  only  real  approximation  to  a  lower 
grade  consisting  in  the  multiplication  of  the  phalangeal  bones,  as  in  the 
Enaliosauria,  the  digits  themselves  never  exceeding  their  regular  number 
five.  The  same  constancy  to  the  Manmialian  type  shows  itself  in  the  bones 
of  the  anterior  extremity  of  the  Bat ;  which,  though  modified  for  exactly 
the  same  purpose  as  that  of  the  Bird  (so  that  bats  and  swallows  replace 
one  another  in  the  pursuit  of  the  same  insect-prey),  attains  that  purpose  by 
a  different  plan  of  organization. 

11.  The  following  are  the  most  important  distinctive  peculiarities  in  the 
skull  of  Mammalia.  The  cranial  cavity,  which  is  of  a  rounded  form,  is 
shut  in  by  a  set  of  bones,  which,  while  formed  by  the  partial  consolidation 
of  the  elements  of  the  neural  arches  of  the  cranial  vertebrse,  remain  separate 
during  the  whole  of  life,  distinct  sutures  being  interposed  between  them ; 
the  bones  of  the  face  are  usually  but  little  developed  in  proportion,  save  in 
certain  tribes  in  which  the  skull  is  much  elongated  in  consequence  of  the 
great  development  of  the  jaws,  and  they  are  all  (with  the  exception  of  the 
lower  jaw)  inunovably  articulated  to  each  other  and  to  the  cranium ;  the 
lower  jaw  articulates  directly  with  the  cranium,  instead  of  by  an  interme- 
diate movable  tympanic  bone  as  in  oviparous  Yertebrata,  this  piece  having 
coalesced  with  other  vertebral  elements  to  form  the  "  temporal  bone ;"  and 
the  articulation  of  the  cranium  with  the  spinal  column  is  no  longer  effected 
by  the  centrum  of  the  occipital  vertebra,  but  is  formed  by  two  lateral  sur- 
faces, corresponding  with  the  articulating  processes  of  ordinary  vertebra. — 
The  number  of  cervical  vertebrsB  is  almost  invariably  T ;  and  this  is  not 
altered,  either  in  the  Cetacea,  which  have  a  very  short  and  immovable  neck, 
or  in  the  Giraffe  [Fig.  '70§],  whose  neck  is  enormously  elongated.  The 
number  of  dorsal  or  rib-bearing  vertebree  usually  varies  between  11  and  80; 
the  ribs  arc  always  articulated,  save  in  the  most  Keptilian  7' 
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by  their  *'  heads"  with  the  bodies  of  the  vertebrsB,  and  by  their  "  tabercles" 
with  the  transverso  processes ;  the  costal  cartilages  or  sternal  ribs  osaally  re- 
main cartflaginons,  althongh 
[Fig.  702.  they  sometimes  become  ossi- 

fied in  advancing   life ;  and 
they  are  for  the  most  part 
undeveloped  in  Cetacea,  the 
freedom  of  whose  spinal  ribs 
(with  the  exception   of  the 
first  pair  or  two)  reminds  ns 
of  Fishes.    The  development 
of  the  stemom  varies  reiy 
considerably      in       different 
groups,  chiefly  in  accordance 
with  the  demand  for  mnscnlar 
power  in  the  anterior  extremi- 
ty ;  thns  it  is  not  only  in  the 
Mole  that  it  possesses  a  cen- 
tral projecting  keel,  but  also 
in  Moles  and   Annadilloes, 
whose  fore-feet  are  nsed  as 
spades  in  burrowing.    [Fig. 
foil.]     It  is  not  ordinarily 
prolonged  over  the  abdomen, 
the  abdominal  stemnm  and 
ribs  of  Reptiles  being  repre- 
sented  only  by  longitudinal 
and   transverse    aponeurotic 
bands;   but  this   portion  is 
unusually  developed    in  the 
Edentata.  The  ordinary  num- 
ber of  lumbar  vertebras  is 
either  four  or  five ;  that  of 
the  Facral  varies  more  consi- 
derably, the  number  of  verte- 
bral   segments    consolidated 
for  the  support  of  the  pelvic 
arcli,  generally  showing  a  proportion  to  the  degree  of  strength  which  the 
members  it  bears  are  formed  to  exert.     Thus  in  the  Gctacea,  which  have 
no  posterior  extremities,  the  union  of  vertebr©  into  a  sacrum  is  altogether 
wanting,  as  in  Fishes ;  in  Man  and  most  of  the  higher  Mammalia,  on  the 
other  hand,  five  or  even  six  vertebrae  are  consolidated :  yet  in  the  implacen- 
tal  Mammals,  the  Reptilian  number  two  uniformly  presents  itself,  notwith« 
standing  that  in  many  of  them,  as  the  Kangaroos  and  Opossums,  the 
posterior  extremities  are  enormously  developed,  and  are  the  principal  in- 
struments in  progression.    The  number  and  development  of  the  candal 
vertebrcB  vary  more  widely  than  do  those  of  the  segments  of  any  other 
region ;  for  whilst  in  Man  and  the  higher  Apes  there  are  no  more  than  4 
or  5,  these  being  abortive  and  becoming  anchyloscd  with  each  other  so  aa 
to  form  the  "  os  coccygis,"  the  number  rises  (in  other  Mammalia)  to  20, 
30,  or  even  40.     It  is  interesting  to  remark  that  the  highest  numbers  occur 
in  those  orders  (the  Marsupialia  and  the  Edentata)  which  present  the 
greatest  number  of  other  approximations  to  the  Reptilian  type  of  structure ; 
and  in  some  of  the  former  of  these,  we  find  a  very  curious  reversion  to  the 


Skeleton  of  the  Qiraffe  (Camelop<irdali»  Giraffa)], 
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BeptiJian  type,  in  the  presence  of  hiDiiml  arches  attncbed  to  tlic  bodies  of 
the  caadiil  vertebtiB.     As  a  geaeral  fact,  however,  the  tail  is  a  part  of  ttie 

[Fig.  7011. 


v'fifi 


SkclfltoD  oF  Hie  Mole.] 

Tertcbral  colnmn,  whose  development  or  non-developmeat  does  not  follow 
[^any  general  pkn,  bnt  is  related  to  the  special  nse  to  be  made  of  it  in  the 
aomy  of  the  animal ;  and  of  such  uses  the  Mammalian  class  presents  a 
ttarkable  variety.  The  conformation  of  the  scapular  arch  m  Miunmals 
generally  tliflfers  from  that  of  Oviparous  Yertebrata  in  the  inferior  develop- 
ment of  the  coracoid  element,  which  is  not  of  Buflicient  length  to  reai^h  the 
Btemum  or  to  meet  iU  fellow  ou  the  median  line ;  the  osseous  connection  of 
the  scapula  with  the  sternum,  where  such  exii^ts,  being  established  by  the 
clavicle.  In  the  Monotremata,  however,  with  other  reptilian  affinities,  we 
find  this  cormection  to  he  established  both  by  coracoid  and  claviele  in  a 
most  peculiar  manner,  through  the  intermediation  of  an  **  episternal"  bone; 
the  whole  clavicular  arch  having  a  most  remarkable  resemblance  to  that  of 
Ichihyosflnnis.  The  three  component  bones  of  the  pelvic  arch  generally 
coalesce  together  at  an  early  period  of  life,  remaining  separate,  however,  in 
MonotPemata;  the  inferior  symphysis  is  complete  (save  in  Bats)^  being 
entirely  formed  by  the  junction  of  the  rami  of  the  pubis ;  but  in  the  Impla- 
centalta,  as  in  Reptiles,  the  ischia  have  a  share  in  the  junction.  The  extre- 
mities attached  to  these  arches  exhibit  a  great  variety  of  special  modifica- 
tions of  stnictare;  putting  aside,  however,  the  extreme  modifications  pre- 
sented in  Bats  and  Wliale«,  we  recognize  two  principal  subtypes,  the 
vngttiaiei  and  the  unguiadated.  In  the  former  of  these  (Fig*  3,  i>),  the 
members,  being  adapted  simply  for  supj^ort  and  locomotion,  are  developed 
in  a  form  which  renders  them  most  efficient  iustnimentg  for  these  purposes* 
All  the  articulations,  even  those  of  the  sbonlder  and  hip-joints,  are  so  con- 
structed as  to  limit  the  movements  of  the  limb  to  that  one  plane  (hackwards 
and  forwards)  in  which  its  actions  are  required  for  the  onward  propulsion 
of  the  body  I  the  bones  of  the  fore-arm  and  leg  are  consolidated  into  one,  so 
as  entirely  to  prevent  any  rotation  of  the  hand  or  foot;  and  only  a  pair  of 
digits,  or  even  a  single  one,  are  developed  in  each  member,  these  being 
entirely  enveloped  in  hard  homy  casings.  The  opposite  extreme  is  where, 
as  in  Man  (Fig.  2,  f),  the  form  of  the  humeral  articulation,  and  the  arrange- 
ment of  its  mascles,  confer  upon  the  anterior  extremity  (the  posterior  par- 
taking of  the  same  endowments,  but  in  an  inferior  degree),  the  power  of 
free  and  extensive  motion  ;  the  plane  of  the  hand  can  be  turned  in  any 
direction  by  the  rotation  of  the  fore-arm  and  the  flexure  of  the  wrist ;  the 
whole  number  of  digits  is  developed,  and  one  of  them  is  so  opposed  to  the 
Test  as  to  be  capable  of  antagonism  to  either  one  or  to  all  of  them  collect- 
ively \  and  the  extremities  of  the  fingers  are  covered  by  the  nail  on  one  side 


122  QENSaAL  PLAN  OF  OBQANIO  BTBUOTUBB  AMD  DBVCLOPMBNT. 


only,  leaving  the  other  possessed  of  the  highest  tactile  delicacy.  Between 
these  two  extremes,  there  is  an  immense  yariety  of  intermediate  gradations. 
^2.  The  teeth  of  Mammalia  constitute  a  remarkably  chai«eteri8tic  featnie 
in  their  organization ;  and  the  differentiation  which  they  exhibit  in  the  seTenl 
orders  and  genera  is  so  great,  and  is  so  closely  connected,  with  other  pecn- 
liarities,  as  to  afford  most  important  assistance  in  classification.  They  are, 
for  the  most  part,  mnch  less  mnltiplied  than  in  BeptQes ;  and  when  the 
typical  number  44  is  exceeded,  it  is  in  those  groups  w^ch  either  represoit 
Fishes,  or  make  the  closest  approximation  to  Reptiles ;  and  it  is  in  these, 
moreover,  that  the  teeth,  having  the  least  degree  of  individnal  deTelopment, 
present  so  little  differentiation,  that  they  cannot  be  classed,  as  they  may  be 
in  all  the  higher  forms  of  the  dental  apparatus,  into  tfidtors ,  conuieff,  m- 
molars,  and  molars. — ^In  the  mode  of  impUmtation  of  the  teeth  of  iuin- 
malia,  we  have  a  marked  distinctive  character  of  the  class ;  for  in  all  save 
those  which  grow  from  persistent  pulps,  we  find  the  dental  cavity  closed  in 
at  its  lower  part,  and  the  base  of  the  tooth  prolonged  into  a  "  fang,"  iriudi 
is  implanted  into  its  own  proper  socket,  but  not  united  by  ossification  to 
its  bony  wall.  The  fang  of  molar  teeth  is  usually  subdivided  into  two, 
three,  or  even  four  portions,  which  diverge  more  or  less  from  each  other,  and 
are  received  into  separate  diivisions  of  the  alveolar  cavity ;  and  this  mode  of 
implantation  is  so  peculiar  to  Mammals  (as  far  as  at  present  known),  that 
its  existence  appears  sufficient  to  determine  the  mammalian  nature  of  a  Jaw, 

Fig.  71. 


Lower  Jaw  of  Ph€ueoIotherium  Bueklandiu 

or  even  of  a  fragment  of  a  jaw,  in  which  it  occurs,  such  as  that  of  J^hoMeoh- 
therium  (Fig.  tl),  or  Amphitherium^  of  the  Stonesfield  slate,  whqie  reptilian 

nature  has  been  advocated  by  many 
zoologists. — The  teeth  of  MA^mi^ajim 
are  ordinarily  cast  and  renewed  but 
once  during  life,  instead  of  being  eon- 
tinually  shed  as  they  are  in  Reptiles 
and  Fishes,  and  replaced  by  new  teeth 
developed  from  independent  papilhe, 
or  from  offsets  from  the  previous  fol- 
licles. This  general  rule,  however,  is 
subject  to  exceptions  in  particniar 
cases.  For  in  the  Elephant,  we  find 
the  sides  of  the  jaws  to  be  occapied, 
not  by  rows  of  molar  t«eth,  bnt  by  a 
single  large  composite  tooth  on  either 
side  of  each  jaw  (Fig.  ^2^,  this  bemg 
formed  of  a  succession  ot  alternating 
plates  of  enamel,  cementum  and  den- 
Molar  tooth  of  Atiatic  Elephant.  tiuc.     The  chief  wear  of  these  teeth 
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is  in  front ;  and  a  production  of  new  teeth  is  continually  taking  place  be- 
hind, so  that  each  tooth,  as  it  wears  down,  is  pushed  forward  by  the  new 
tooth  behind  it,  which  comes  to  occupy  its  place ;  and  the  molars  are  thus 
changed  six  or  eight  times.  The  "tusks,"  on  the  other  hand,  though  only 
renewed  once,  like  the  teeth  of  Mammals  generally,  are  in  a  state  of  con- 
stant growth  from  the  persistent  pulps  at  their  base;  and  this  plan  is 
adopted  also  in  several  other  cases,  in  wliich  the  teeth  are  particularly  liable 
to  be  worn  down  by  the  friction  to  which  they  are  exposed. 


73.  Having  thus  found,  in  the  general  survey  we  have  taken  of  the  Vege- 
table and  Animal  kingdoms,  that  the  "idea"  of  their  combined  unity  and 
diversity  of  organization  is  that  of  progress /row  the  more  general  to  the 
more  special,  we  shall  inquire  how  far  that  idea  is  conformable  to  the  actual 
history  of  their  Development.  This,  when  carefully  scrutinized,  is  found 
to  afford  the  most  satisfactory  proof  of  it. — The  perfect  organism  of  any 
one  among  the  higher  Plants  and  Animals  is  not  more  dissimilar  in  form 
and  condition  to  that  of  the  lowest  and  simplest  member  of  either  kingdom, 
than  it  is  to  the  germ  of  its  own  kind  in  the  earliest  periods  of  its  evolution ; 
and,  in  fact,  when  we  go  back  to  the  very  commencement  of  the  process, 
we  observe  that  the  most  general  type  of  organized  structure — ^the  simple 
cell — ^is  that  in  which  every  living  being  commences.  The  evolution  of  the 
germ  commences  in  the  duplicative  multiplication  of  this  cell,  precisely 
after  the  fashion  of  the  multiplication  of  the  simplest  Protophytaand  Pro- 
tozoa (Fig.  13).  It  is  not  until  this  has  proceeded  to  a  considerable  ex- 
tent, that  it  could  be  stated  with  certainty,  from  the  appearance  of  the  germ 
alone,  whether  it  is  that  of  a  Plant  or  of  an  Animal ;  thus,  in  the  accom- 
panying figure  (Fig.  14),  the  "mulberry-mass"  of  the  mammalian  ovum, 
formed  by  the  repetition  of  the  duplicative  subdivision  of  the  germ-cell,  is 
shown  to  bear  a  most  exact  correspondence  to  the  Volvox  globator  (an 
organism  now  certainly  known  to  belong  to  the  vegetable  kingdom)  in  its 
early  stage.  At  the  time,  again,  when 
the  distinctive  characters  of  animality 
first  present  themselves,  it  could  not 
be  predicated  whether  the  germ  is  that 
of  a  Radiated,  Molluscous,  Articu- 
lated, or  Vertebrated  animal;  the 
special  characters  of  these  sub-king- 
doms not  being  evolved  until  a  later 
period.  These,  however,  are  the  next 
to  appear,  but  still  the  distinctive  pe- 
culiarities of  the  class  are  wanting ; 
the  germ  of  a  Vertebrated  animal  (for 
example)  being  at  first  destitute  of 
anything  that  can  mark  it  out  as  a 
Fish,  Reptile,  Bird,  or  Mammal. 
When  the  distinctive  characters  of  the 
class  have  been  made  manifest  by  the 
further  progress  of  development,  those 
of  the  order  still  remain  indeterminate ; 

these  are  evolved  in  their  turn ;  and  .^^  ,^     ^^  Mammalian  Orum/-B, 

then  those  of  the  family,  genus,  species,    young  of  Voivox  Globator. 


Fig.  73. 


Multiplieation  of  cells  of  CKlamydomona* 
(Ebrenb.)  by  duplicative  rabdlTision. 
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sex,  and  individual,  in  succession.^  This,  at  least,  is  the  result  of  obseirar 
tions  made  in  a  considerable  number  of  cases ;  and  where  sach  an  accord- 
ance does  not  exist,  the  want  of  it  is  probably  due  to  imperfections  in  the 
system  of  classification  with  which  the  comparison  is  made. — ^Thns  we  see 
that  in  watching  the  history  of  the  development  of  any  one  of  the  higher 
forms  of  organized  structure,  we  find  the  realization  of  that  ideal  eTolution 
of  t/ie  more  special  characters  from  the  more  general,  which  is  the  object  of 
the  Ptiilosophic  Naturalist  to  bring  into  view  by  the  methods  of  proceeding 
already  pointed  out  (§  11). 

74.  The  general  principle  of  Yon  Baer  aiTonls  the  real  explanation  of 
those  resemblances  which  are  sometimes  discernible,  between  the  transitoiy 
forms  exliibited  by  the  embryoes  of  higher  beings,  and  the  permanent  con- 
ditions of  tlie  lower.  When  these  resemblances  were  first  obsenred  in  the 
study  of  Embr}'ology,  an  attempt  was  made  to  generalize  them  in  the 
statement  ''that  the  higher  animals,  in  the  progress  of  their  development, 
pass  through  a  series  of  forms  corresponding  with  those  that  remain  per^ 
manent  in  the  lower  parts  of  the  animal  scale."  But  this  statement  was 
hasty  and  unphilosopliical ;  and  it  is  now  only  referred  to,  for  the  sake  of 
showing  what  amount  of  real  truth  there  is  in  it. — No  animal  om  a  whole 
passes  through  any  such  series  of  changes,  except  where  it  comes  forth  from 
the  cp^i;  in  an  early  stage  of  development,  but  in  a  condition  that  enables 
it  to  sustain  its  own  existence,  and  to  lead  the  life  of  a  class  below,  from 
which  it  is  afterwards  raised  by  metamorphosis.  This  is  the  case,  for  ei- 
am])le,  with  such  Insects  as  resemble  Annelida  in  their  larva  condition,  and 
with  Batracliian  Reptiles,  which  are  essentially  Fish  during  the  early  period 
of  their  lives.  But  in  neither  of  these  instances,  does  the  Larva  entirely 
resemble  the  perfect  animal  which  it  rei)resents  in  form  and  grade  of  organi- 
zation ;  for  besides  having  its  generative  system  undeveloped  (without  which 
it  cannot  be  said  to  be  a  complete  animal),  the  condition  of  its  tissues 
and  organs  is  altogether  embr}'onic ;  so  that  the  caterpillar  bears  a  much 
closer  accordance  with  the  embryonic  than  with  the  adult  Annelidc,  while  the 
Tadpole  is  more  nearly  related  to  the  embryonic  than  to  the  perfected  PisL 
These  and  other  cases  of  the  same  kind  must  be  regarded  as  special  modi- 
fications of  the  general  plan  to  meet  a  particular  purpose ;  and  while  they 
present  nothing  discordant  with  that  plan,  they  cannot  be  taken  as  examples 
of  the  usual  mode  in  which  it  is  followed  out.  On  studying  the  develop- 
ment of  any  one  of  the  higher  animals,  which  remains  within  the  ovum 
until  it  has  attained  the  form  characteristic  of  its  class,  we  find  that  its  en- 
tire structure  does  not  present  at  any  time  such  a  resemblance  to  either  of 
the  classes  beneath,  as  would  justify  the  slightest  analogy ;  thus,  the  Human 
embryo  is  never  comparable  with  a  Fish,  a  Reptile,  or  a  Bird,  much  less 
with  an  Insect  or  with  a  Mollusk.  In  its  very  earliest  grade,  indeed,  it 
might  be  likened  to  the  cells,  or  cluster  of  cells,  of  which  the  Protophyta 

^  Although  tills  general  truth  had  been  prcTiouslj  indicated  bjr  Von  Baer,  yet  Um 
first  definite  and  complete  statement  of  it,  with  its  application  to  Classification,  will  be 
found  (the  Author  believes)  in  two  papers  *'0n  Unity  of  Structure  in  the  Animal  King- 
dom" contributed  by  Dr.  Martin  Barry  to  the  "Edinburgh  Philosophical  Journal"  Air 
1837.  It  has  been  subsequently  developed  in  a  very  admirable  manner  by  Prof.  Milne- 
Edwards  in  a  Memoir  "On  the  Principles  of  the  Natural  Classification  of  Animals,"  in 
the  "  Annales  des  Sciences  Naturelles,*'  Ser.  III.,  torn,  i.,  which  bears  evidence  of  hav- 
ing been  written  without  the  knowledge  of  what  either  Von  Baer  or  Dr.  Barry  had  put 
forth;  the  principles,  in  fact,  having  been  advanced  in  a  more  limited  form  by  Pxx>t 
I^Iilne-Edwards  himself,  in  a  memoir  "On  the  Changes  of  Form  exhibited  by  varioiii 
Crustacea  during  their  Development,"  read  by  him  to  the  Frcncli  Academy  in  1838,  and 
published  in  the  "  Annalcs  des  Sciences  Naturelles,"  Ser.  I.,  tom.  xxx.,  Ser.  II.,  torn.  iiL 
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and  Protozoa  are  constituted  (Fig.  T3,  T4) ;  but  so  soon  as  the  multiplica- 
tion and  conversion  of  these  has  proceeded  to  such  an  extent,  as  to  give  it 
a  form  and  structure  in  which  a  resemblance  can  be  traced  to  any  higher 
animal,  it  is  to  the  Vertebrated  type  that  we  should  at  once  assign  it.  Now, 
whilst  it  is  passing  through  this  condition,  a  close  correspondence  may  be 
traced  between  the  several  parts  of  its  structure  and  those  of  any  other 
vertebrated  embryo  at  a  similar  grade  of  development ; — ^there  is,  for  ex- 
ample, no  essential  difference  between  the  vertebral  column  of  the  early  em- 
bryo of  Man,  and  that  of  an  embryo  Fish ;  the  evolution  of  the  nervous 
centres  begins  in  both  upon  the  same  plan ;  so  also  does  that  of  the  circu- 
lating apparatus.  And  as  the  progress  of  development  is  arrested  in  the 
lower  tribes,  at  the  stages  thus  indicated  in  the  transitional  conditions  of  the 
higher,  a  mutual  resemblance  in  the  condition  of  particular  organs  may 
most  assuredly  hence  arise.  Thus,  in  the  Cyclostome  and  higher  Cartila- 
ginous Fishes,  we  find  permanently  represented  the  various  stages  in  the 
development  of  the  vertebral  column,  which  may  be  detected  in  the  embryo 
of  higher  Vertebrata.  But  each  of  these  animals  presents,  in  its  adult  con- 
dition, a  special  adaptation  of  the  general  plan  to  its  own  organism ;  and 
this  special  modification  is  not  represented  in  the  human  embryo.  Thus, 
whilst  the  cranium  of  the  Human  embryo  is  developed  from  a  great  number 
of  distinct  centres,  which  represent  the  bones  that  remain  permanently  sepa- 
rate in  the  skull  of  the  Fish — so  that  there  is  a  correspondence  in  the  con- 
dition or  grade  of  development,  as  presented  in  the  two  cases  respectively — 
yet  it  never  exhibits  those  peculiar  characters,  which  distinguish  the  skull 
of  the  Fish  from  that  of  all  other  Vertebrata.  Or,  to  take  an  illustration 
from  another  source,  the  Circulation  is  carried  on,  at  an  early  period  in  the 
development  of  all  vertebrated  animals,  by  a  system  of  bloodvessels  distri- 
buted upon  the  same  plan  as  that  which  is  met  with  in  the  adult  Fish.  It 
is  not,  however,  correct  to  affirm,  that  the  circulating  apparatus  of  Man 
ever  passes  through  the  condition  of  that  of  a  Fish ;  for  although  the 
"branchial  arches"  are  developed  in  all  Vertebrated  animals,  so  that  their 
presence  may  be  considered  as  the  most  general  fact  in  the  history  of  their 
arterial  system,  yet  the  twigs  which  they  give  oflf  in  the  adult  Fish  for  the 
supply  of  the  branchial  filaments  are  never  developed,  except  in  animals 
that  are  to  be  adapted  for  aquatic  respiration ;  so  that  the  blood  flows  on- 
wards continuously  through  the  branchial  arches,  and  is  delivered  by  them 
into  the  aorta,  instead  of  being  distributed  amongst  the  gills,  to  be  returned 
from  them  by  a  distinct  set  of  vessels,  the  branchial  veins.  Hence,  how- 
ever close  may  be  the  resemblance  between  the  embryo  Man  and  the  embryo 
Fish,  there  is  no  real  correspondence  between  the  embryo  of  Man  and  the 
completed  Fish ;  since  every  departure  from  the  general  plan  or  *'  archetype," 
which  gives  to  the  embryo  Fish  the  special  characteristics  of  its  class,  does 
in  reality  diminish  -the  resemblance  borne  to  it  by  the  embryo  of  either  of 
the  higher  classes.  Thus,  whilst  there  is  at  an  early  period  a  very  close 
correspondence  between  the  embryoes  of  all  classes  of  Vertebrata,  in  har- 
mony with  the  general  principle  of  Von  Baer,  each  one  of  these,  as  it  pro- 
ceeds in  its  course  of  development,  takes  a  direction  that  separates  it  from 
the  rest;  and  the  mutual  divergence  consequently  becomes  greater  and 
greater,  in  proportion  as  the  perfected  form  and  condition,  that  are  cha- 
racteristic of  each  class  respectively,  are  approximated.- 

75.  Now  although  the  life  of  all  Organized  beings  commences  in  the 
simplest  and  most  general  type  of  organic  structure,  so  that  there  is  no  per- 
ceptible distinction  between  their  germs,  yet  we  see  that  each  germ  must 
have  a  certain  capacity  of  development  peculiar  to  itself;  since  it  is  a  gene- 
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ral  law  of  Organic  Development,  that  like  produces  like,     Howcirer  varied 

may  be  the  series  of  forma  through  which  the  parent  posses,  the  offispriDg 

\  repeats  these  with  the  greatest  exactness  ■/  and  the  whole  Bcheme  of  dere- 

f  lopraeat  may  be  deseribed  as  one  in  which  the  pritnordial  cell  is  tending 

'  towards  the  attainment  of  the  perfect  form  and  condition  of  its  parent.     In 

proportion  to  the  mutual  resemblance  of  the  parents^  will  be  the" conformity 

of  the  processes  by  which  their  respective  forms  are  attained  ;  in  proportion 

.  to  the  dissiinilarity  of  their  adult  conditions^  will  be  the  divergence  of  their 

direetions  of  development ;  thus  the  development  of  the  heart  of  the  Bird 

[and  of  the  Mammal  proceeds  upon  a  method  essentially  the  same,  the  sia- 

igia  ventncle  being  divided  first,  and  the  single  auricle  sabsequeutly,  the 

eeptxim  remaining  imperfect  in  the  Mammal  until  birth ;  but  in  the  Reptile 

the  auricle  is  first  divided,  its  circutatjon  being  carried  on  upon  a  plan  to 

which  the  embryo  Bird  and  Mammal  never  present  anything  comparable. 

And  in  accordance  with  the  degree  of  proximity  of  each  complete  form  to 

the  general  model  or  "  archetype"  of  the  entire  series,  will  be  the  degree  in 

which  it  will  be  represented  in  the  transitional  states  of  the  higher  forms : 

'  thus  the  vertebral  skeleton  of  the  Fish  as  a  whole  departs  much  less  from 

the  archetype  than  does  that  of  the  Bini ;  and  consequently,  that  of  the 

embryo  Mammal  is  much  more  nearly  related  to  the  former  than  it  ever  is 

to  the  latter, — These  examples  will  serve,  it  is  hoped,  to  show  the  distioc- 

tion  between  the  fundamental  principle  of  development,  first  enunciated  by 

.Von  Baer^  and  which  is  applicable  (as  the  author  believes)  to  all  the  faet^ 

rldtherto  ascertained,  and  that  crude  and  illogical  generalisation  which  has 

brought  discredit  upon  Philosophical  Biology,  and  has  led  to  a  host  of 

erroneous  inferences." 

76.  It  is  maintained,  indeed,  by  some  distinguished  Xatura1ii?ts,  that  the 

information  derivable  from  the  history  of  Development,  in  regard  to  the  re- 

[  lative  value  of  characters  and  the  affinity  of  groups,  is  so  much  more  certain 

and  satisfactory  than  that  of  auy  other  kind,  that  it  ought  to  furnish  the 

>  It  will  he  ihowii  herenfti?!'  (Chap,  XT,)  thnt  the  phendmcna  mnked  under  tUe  t«Tm 
•  Altemntifin  of  (lencrationa"  do  not  croaatitutG  a  real  exception  to  this  rule. 

*  It  is  owing  to  the  ignorance  of  Vou  Bner's  writings  which  hiia  generally  prcTAiled 

in  thiij  country^  that  the  credit  has  been  recently  nsaigned  to  others,  of  hiiTLDg  iprt 

'  fiitiaeiutei)  tl»o  tn.ie  Tiew  of  thb  subject.     The  Author  amy  refer  to  the  second  eflitiea 

of  the  pri?si?nt  workt  published  in  1841^  ns  having  contumcd  the  docti^ine  staled  Jibove^ 

which  he  was  also  accu'*tomed  to  teach  in  hi«  Physiological  Lectures  ;  and  althongli  his 

I'OWD  luriljiialiitafice  with  Von  Ilaer's  wot-ks  at  thnt  time  eirteniieii  hut  little  beyoin^  tb« 

^i^nees  mride  to  <hera  by  Dr*  ^lartm  lkrr>%  yet  thei*e  were  fufficleat  to  eoflble  him 

.^.....i,i...hcnd  and  apply  the  groat  developmental  law  which  Von  Bacr  hud  bo  clearly 

i,  find  tt>  lesid  him  to  the  very  ijame  iHuatratioasi  riu»  those  which  lie  aftenruds 

•  Von  Baer  Imd  cmploye<I.     He  cannot  but  think  that  the  admirers  of  the 

•.^h  eoTiipafative  anntomist  of  our  own  ttme^  would  hA^o  done  well  to  abstain 

r  r!ii*r  tir^  *ii?  Iiehftlf  itiiy  clnlm  to  originality  oh  this  subject,  until  they  had  ascer- 

■]  b<tcn  wntitnpntcd  by  others*    In  the  **  Quarterly  Re  tic  w**  for  Oelo- 

:.  \K  4:ifh*  Vrot  Owen  is  spoken  of  as  having  '*  6r»i  distinctly  ennii' 

"'       ill  the  dpTetopraerit  of  the  Tertebruto  auimiiU  th«  getm 

form  of  the  proto«oon  or  monad  to  the  verteb«ite€i  type, 

,,..  ,.y.,  <.,,,iig  either  the  radmte,  nrtiealate,  or  molbiscons  ty 

m  .rr>  jsxmt  Work  **  Uber  ErdwicUelnngs-Geschichte  der  Thiere/**l 

'  <^5'  :knd  proof  of  tjiin  very  doctrine  otcnjiy  the  4th  fectton  of  his  hth  S 

V     Ai  ilmi  ffrenod,  it  U  true^  the  rclAtlon  of  the  earliest  states  of  the  embryonie 

\t  with  the  fiermancnj  e?ojiarf5c»f^s  of  {he  Protoioa,  hud  not  been  detected;  but  Ihai 

*Aotiiti  dofMalM,  the  mi>rtt  ehmf^wterigtic  fentwro  of  the  Vertebrate  embryo,  is  tkm 

ftfcrt  that  Eh  dtfTnrpri* lilted^  uj,  |  that  the  Terlebrnto  embryo  n ever  Wars  the  all gh test 

^ond^ncc  f  I. J I  r*  j*j^ie,  articulate^  or  molluscous  tj^p*^  i*  <^^e'  "ind  otct 


I 
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fandamental  data  for  a  truly  scientific  classification ;  those  tribes  being  con- 
sidered as  most  nearly  related  to  each  other,  whose  embryonic  development 
adrances  furthest  along  the  same  course  without  divergence ;  whilst  those 
are  to  be  regarded  as  most  fundamentally  dissimilar,  whose  directions  of  de- 
velopment are  distinct  from  the  earliest  period.  This  principle  may  be 
admitted  as  one  which  deserves  to  be  fully  taken  into  account,  in  any  attempt 
at  a  systematic  arrangement  on  philosophical  principles ;  but  to  adopt  it  to 
the  exclusion  of  all  comparison  of  forms  in  their  state  of  complete  evolution, 
would  be  to  deprive  important  changes  which  may  occur  at  a  comparatively 
late  period  of  development,  of  their  due  claim  to  consideration.  The  follow- 
ing illustrative  examples  may  help  to  make  its  true  value  apparent. — In  the 
class  of  Crustacea,  as  long  since  observed  by  Prof.  Milne-Edwards,  the 
young  of  such  as  come  forth  from  the  t%^  at  an  early  period  of  develop- 

Fig.  75. 


A,  malo  of  Nicothce  attaei : — b,  adult  female  of  the  same  species,  having  two  large  lateral 
appendages,  a,  a,  containing  the  OTarios,  as  well  as  two  egg-sacs,  b,  b  ; — c,  young  larva  viewed 
sideways  ; — D,  more  advaneed  lanra,  provided  with  all  its  members ; — e,  larva  already  fixed, 
the  lateral  appendages  beginning  to  appear; — w,  farther  development  of  the  same. 

mcnt,  and  have  many  changes  to  undergo,  resemble  one  another  very  closely. 
As  they  increase  in  size,  however,  the  peculiarities  of  the  respective  tribes 
to  which  they  may  belong,  gradually  manifest  themselves,  partly  through  an 
alteration  in  the  rate  of  development  of  different  parts,  and  partly  by  the 
evolution  of  new  and  special  organs.  Thus  in  one  case,  it  is  the  thorax 
which  grows  more  rapidly  than  the  abdomen,  and  greatly  preponderates ;  in 
another,  it  is  the  abdomen  which  presents  the  greatest  increase  in  its  di- 
mensions ;  in  other  instances  again,  an  extraordinary  development  is  seen 
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ill  fiTt:iiii  I'xtn'iuLtios.  or  ercn  in  certain  articnlations  of  these  extremities. 
So.  it:;:iiii,  it  is  iii>t  iiiii'Dinmon  for  certain  partd  which  were  possessed  hr  the 

•  iiilirvo  ( Viistui'nin.  to  Ixvoinc  atDphictl  ami  to  (li^appeor;  thus  $till  fiiirther 
ii-iuliiiir  ii»  s/h'riti/izt^  tho  particular  form  in  its  progress  towards  its  com- 
|.liii<  il.vrlopiiuMii.  Ill  those  anti  other  minicH.  the  larra,  which,  at  the  time 
III'  It;  riiirrsiuii  fruiii  tlio  t^'S):,  mav  hare  presented  no  characters  that  serre 
r.i  ili.tiii::iiish  it  rpMii  the  larva»  i.^f  nnmeroa.s  other  rerr  dissimilar  forms, 
iMinliniHv  rniiir-i  In  pn'seiit  iu  succession  the  characters  of  its  tril>e.  jrenns! 
:i.i  I  iiM.  iiinl  si-\.'  A  v«»ry  ;r'>«»il  example  «)f  this  kind  of  specialization  is 
iiiliinliil  liv  fiTtaiii  panisitii'  Cnistacea  i)f  the  Entomostracons  ^rroap  :  which 
h-ni-  ilirir  liiriii**  so  tilti'p'd  I'v  the  enormous  development  of  "their  ovaries 

I  In:  i'.'.  M.  It,  If),  as  wi'Il  as  hy  the  evoluticm  of  eir^-siacs  (*.  6).  and  bT 
till-  niiMliliniiiiiii  i»f  thrir  iip{>en«la:r».»'*  for  ailhesion  ami  of  their  moach  for 
iiii  fi.Hi.  tliiii  iIn'Y  wrn*  IiMii:  ranked  in  a  distinct  irroup,  under  the  desisnia- 
ii<iH  ill"  A'/"-"",  iliflr  nrisriiui!  type  1»einir  almost  obliterated.  Yet  it  is  now 
LiKinii  itiiii  tins  iiioditii'uiioti  is  oxhi^Mted  i\v  the  females  alone;  the  males 
(  t ),  w  hit-li  Hit'  oHni  <o  stiKilI  as  CO  Iv  lui-^ taken  for  parasites  upon  the  female 
<  ..iiiiiniMu'.  Ill  i'\liilMi  ilu'  oniiiiar}-  E  u  to  most  racous  type,  that  of  Xioothoe 
Im.iiimm.  ,1  rlivii-  n'srmMaiuT  t.»  iVi'Lmvs  (FiiT.  6«M :  and  the  chanj?e  in  the 
ii  III. it  I-  niilv  laknii;:  pliu-f  i^radtially.  as  her  urenerative  apparatus  evolves 
it  ;i  II  (I .  i»  I .  n  ■'  It'  wi'  tuni.  tMi  tile  ^ther  hand,  to  the  Cirrhtp^ds^  we 
liii.l  iii.li  II  till. t  ihi'v  .I.vsi-Ix  a;:nv  wirh  Crustacea  in  their  larval  condition, 
.111.1  iini  .t.  It  tin-  prninpli*  I'f  di'\i'IiMituent  be  followed  as  the  sole  gnide  be 
|i|.iii.|  rii  111*  liiT.it  liiNtaiiiv  tViMM  i!u'  Eutomostracons  snb-clas^.  if  not  as 
fi.tnnl  iiiriiiiMT^  ni'tt.  ilirv  ipiiliTiT'*  siu'h  extrjoniinarT  metamori>hoses  at  a 
l.ii.r  ;Imv:i\  tliat  ilifir  fharaiTi-i*  i<  riiaii :ri*d  in  a  de'-rree  sufficient  to  exclude 
till- 111  I'niiii  !iti\  ilriiiiition.  howrxt-r  *'onipn;hon>ive.  which  mavbe  framed  for 
ili:it  rl:i.-i;  wliiUt  tlu'v  ai'i'  ^i^Mic:Iir  inro  !u;ii;h  closer  approxiniatic:>n  with 
ttir  MiiIluM'a.  tiian  \^  cxhil-itrd  h\  any  otluT  |rn.Mip  of  the  Articulated  series 

IN    I  I) 

77  TliiH.  tlh'ii.  wlii'tluT  w.»  I'otiipare  rl'.o  wh-Vie  assemblaire  of  perfected 
T'lriiu  wlii.'lj  iiiaki*  up  any  'Mio  '^nMip,  or  I'xamine  into  the  pronrressive 
rhaiiL-'-i  wlii'li  ilii'v  riv-poo'tivrly  iiiidiTsro  in  attainin-j:  their  complete  deve- 
I'lpiiniit.  w  tiinl   that   tln'ir  ililTi^n-noo-  ossoiuially  consist  in  the  relative 

ili'Vi|M|  Hill  lit   I  if  tl !iM»uMit«i  wliii'li  all  p'^ssoss  in  common.     Hence,  as 

rrnf   ISilI  n-iiiarK^  with  sporial  n'fiTou.'o  to  t!io  Crustacea.' we  arrive  at 
llii<  trniit  friiiiniiiiral  primipN'.  that  r.W  fKy^'j!  sfn-rtt^nf  'ifaittf  yroup  Mmg 
tfhrn.  thr  /////J'  rrnt  hftf*  if.*  • ;  ^*  *".*.<  f  ••  ■  •;.■  p  •  >  J  f " '  i  ■'  .*  i '  f  •  •  •>.*    ;  r  m  hi  o  r  */n}  tips  a  re  pro- 
vif/t'if  f'nr.  tf'f  ft*/  ff»^  rr^fifi'^n  »•;*  iiffr  »./•/'?/».*  .  ••  f/,f  'ft'^^rrucfian  t\t  others,  but 
//I/  thr  mnttifirfttnut  in    f'nr /ft.  .<frnrfnn\  .-/•  /'i^r.-.v.  ..j  :'n/uis  tt^picaif^  belong- 
iitff  fn  fhr  ijrotip. — Thiis  th«^  pr'»l»osi'is  o^  the  Elephant,  whieh  constitutes  so 
wiiiiijerfurim  iiistniiniMit  of  prrheiK-ion.  is  but  an  extended  nose;  and  an 
nppronrh  to  a  like  extension  is  presented  l>y  the  Tapirs  amonsr  existing 
Muniniuls,  ns  \v<'ll  ns  (jntljrinjr  by  the  coufonnation  of  the  cranium)  bj 
varinns  extinet  raehydermatn.     The  winar  of  the  Kat.  as  we  have  seen,  is 
not  an  additional  member,  but  is  stretched  upon  an  extended  hand;    that 
of  tlie  Pterodactylu8,  upon  a  single  finger.     The  neck  of  the  Giraffe  con- 
tains no  additional  vcrtebne;  but  is  adapted  to  its  offices  by  peculiar  modi- 
fications in  the  structure  of  the  limited  number  typical  of  the  Mammalian 

*  See  the  Memoir  of  Prof.  Milnc-RdwArds  a1  ready  cited :  also  hi.s/*ni>tnirc  dos  Crus- 
tacds,"  and  his  article  Cntttncea  in  the  "  Cycloprodia  of  .\imtoiny  and  I'hvsiolopy^"  ^^^j^  |^ 

'  Van  Bcncdcn  "Sur  le  D^Teloppcnicnt  et  rOrganization  dc»  Nicothoes,"  in  '•Ann! 
des  Sci.  Nat."     Oiemo  Serie,  Zool.,  torn.  xiii.  p.  351,  H  ttq* 
»  "British  Crustacea,"  Introd.  p.  xiii. 
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class.  So,  the  protective  shield  of  the  Turtles  is  not  so  complete  an  addi- 
Hon  as  it  would  at  first  appear,  to  the  ordinary  skeleton  of  the  Reptile ; 
nor  in  the  homy  mandibles  which  cover  its  jaws,  have  we  an  organ  which 
is  altogether  new  to  the  gronp,  since  these  are  formed  by  a  different  deve- 
lopment of  the  same  elements  as  those  from  which  teeth  are  elsewhere 
prodnced. — So,  turning  to  the  Vegetable  kingdom,  we  find  that  special 
organs,  such  as  tendrils,  pitchers,  fly-traps,  &c.  are  evolved  out  of  the 
more  general  type  of  the  leaf,  and  are  not  introduced  as  additions  to  the 
ordinary  fabric. 

78.  Again,  we  find,  as  might  have  been  expected  nnder  the  foregoing 
law,  that  if  the  plan  of  structure  in  a  particular  tribe  involves  the  non- 
development  of  some  organ  which  is  possessed  by  neighboring  groups,  its 
conformity  to  archetypal  regularity  is  generally  manifested  by  the  presence 
of  that  organ  in  a  rudimentary  or  undeveloped  condition.     Thus,  we  find 
some  rudiment  of  the  lung  in  most  Fishes,  even  where  it  is  not  sufficiently 
developed  to  serve  as  an  ''air-bladder"  in  regulating  tiie  specific  gravity  of 
the  body.     In  the  abdominal  muscles  of  Mammals,  again,  we  find  the  abdo- 
minal sternum  and  ribs  of  Saurian  Reptiles  indicated  by  white  fibrous 
bands;  and  in  those  Mammals  which  do  not  possess  a  clavicle,  that  bone 
is  usually  represented  by  a  ligament,  just  as  the  stylo-hyoid  ligament  in 
Man  represents  a  portion  of  the  hyoidean  arch  which  is  elsewhere  com- 
pletely ossified.   Such  rudimentary  structures,  however,  often  display  them- 
selves only  at  an  early  period  of  development,  and  are  subsequently  lost 
sight  of.     Thus  the  rucUments  of  teeth,  which  are  never  developed,  and 
which  at  a  later  period  cannot  be  detected,  are  found  in  the  embryo  of  the 
Whale,  both  in  the  upper  and  under  jaws ;  and  Prof.  Ooodsir  has  ascer- 
tained that  the  rudiments  of  canine  teeth,  and  of  the  incisors  of  the  upper 
jaw,  which  are  not  subsequently  developed,  exist  in  the  embryoes  of  Rumi- 
nating Manmials.^    The  most  remarkable  example  of  this  kind,  however,  is 
the  existence  of  branchial  arches,  resembling  those  of  the  Fish,  in  the  early 
embryo  of  a^  air-breathing  Mammalia,  as  w^  be  hereafter  explained  (Chap. 
YI). — The  same  is  true,  as  a  general  rule,  in  the  Vegetable  kingdom ; 
thus  when  a  whorl  or  part  of  a  whorl  in  a  flower  is  suppressed,  the  defi- 
ciency is  manifested,  either  by  the  presence  of  the  undeveloped  organs  in  a 
rudimentary  form,  or  by  the  leaving  of  a  space  for  them  (so  to  speak)  in 
the  arrangement  of  the  parts  which  are  present.     Thus  in  the  Primrose 
tribe,  we  commonly  find  a  single  row  of  stamens  opposite  to  the  petals, 
instead  of  alternating  with  them,  according  to  the  regular  plan  of  floral 
development  (§  30) ;  and  hence  the  Botanist  would  conclude  that  a  whorl 
has  been  here  suppressed,  which  ought  to  intervene  between  the  petals  and 
the  stamens.     This  is  found  to  be  the  case  in  the  genus  Samolus,  whose 
flower,  formed  in  other  respects  upon  the  same  type  with  the  Primrose, 
possesses  the  rudiments  of  the  intermediate  row,  in  the  form  of  a  whorl  of 
little  scales,  not  developed  into  stamens.    In  the  common  Sage,  again,  we 
find  only  two  stamens,  where  the  general  plan  of  the  flower  would  lead  ns 
to  expect  five ;  but  upon  looking  attentively  at  the  interior  of  the  coroUa, 
two  little  scales  are  often  to  be  seen  growing  in  the  place  where  two  of  the 
deficient  stamens  should  have  been ;  these  two  scales  are  frequently  deve- 
loped as  perfect  stamens,  in  flowers  which  are  otherwise  constructed  pre- 
cisely like  the  Sage;  and  even  the  fifth  makes  its  appearance,  in  some 
instances,  exactly  where  it  should  be  regularly  found.     Sometimes,  again, 

>  «  Report  of  the  Briti«h  Association,"  1889,  p.  82. 
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the  conformity  to  a  common  type  is  manifested  by  the  ftill  deyelopment, 
under  coltivationi  of  organs  which  -are  not  usually  evolyed;  thna  there  are 
plants  in  which  one  set  of  flowers  is  purely  "  staminiferons,''  from  the  non- 
development  of  the  carpellary  whorl,  whilst  another  set  is  "  pistillme"  only, 
from  the  non-development  of  the  stamens ;  and  in  which  the  effect  of  increased 
nutriment  is  to  develop  the  deficient  carpels  in  one  set,  and  the  deficient 
stamens  in  the  other,  so  as  to  render  both  of  them  complete  and  "henna- 
phrodite." 

79.  The  attempt  has  been  made  to  bring  the  diversities  in  the  propo^ 
tional  development  of  organs  which  different  animals  possess  in  common, 
under  a  general  expression — the  balancing  o/*  organs  ;-^which  is  nothing 
else  than  that  which  is  alluded  to  by  Paley  and  other  anthond,  as  the 
''principle  of  compensation."  This  has  been  stated  in  the  following  most 
objectionable  form:  That  the  extraordinary  development  of  one  organ 
occasions  a  corresponding  deficiency  in  another,  and  vice  ver»d.  It  is  per- 
fectly true  that,  in  a  great  majority  of  coses,  the  extraordinary  developmetd 
of  one  organ  is  accompanied  by  a  corresponding  deficiency  q/*  deveiopmaU 
in  another;  but  the  development  and  the  deficiency  are  both  of  them  parts 
of  one  general  plan,  and  neither  can  be  regarded  as  the  cause,  or  as  the 
effect,  of  the  other.  Thus,  in  the  Unman  Cranium,  the  elements  which 
form  the  covering  or  protection  of  the  brain  are  very  largely  developed, 
whilst  those  which  constitute  the  face  are  comparatively  «mall.  In  the 
long-snouted  Herbivorous  Mammals,  as  in  lleptiles  and  Fishes,  on  the 
other  hand,  the  great  development  of  the  bones  of  the  face  is  coincident 
with  a  very  small  capacity  of  the  cerebral  cavity.  In  the  Bat,  whilst  the 
anterior  extremity  is  widely  extended,  so  as  to  afford  to  the  animal  the 
means  of  rising  in  the  air,  the  posterior  is  very  much  lightened,  so  as  not 
to  impede  its  flight.  In  the  Kangaroo,  on  the  other  hand,  the  posterior 
members  arc  very  large  and  powerful,  enabling  the  animal  to  take  long 
leaps ;  whilst  the  fore  paws  are  proportionally  small.  The  Mole,  again, 
requires  for  its  underground  burrows  the  power  of  excavating  with  its  fore- 
feet, whilst  the  hind  legs  are  used  for  propulsion  only ;  and  the  relative 
development  of  these  members  follows  the  same  proportion  as  in  the  Bat^ 
although  the  plan  in  the  two  cases  is  widely  different.  Moreorer,  it  is 
obvious  that,  from  the  peculiar  habits  of  this  animal,  eyes  would  be  of  little 
or  no  use  to  it ;  and  accordingly  we  find  them  merely  rudimentary,  and  no 
cavity  in  the  skull  for  their  reception ;  whilst  to  compensate  for  the  want  of 
them,  the  organ  of  smell,  and  its  capsule — ^the  ethmoid  bone,  are  anmzingly 
developed.  In  other  classes  of  animals,  similar  illustrations  abound  ;  thns, 
the  Birds  of  most  active  and  energetic  flight  usually  have  the  smallest  and 
feeblest  legs ;  and  the  Struthious  birds,  in  which  the  legs  are  enormondy 
developed,  have  only  rudimentary  wings.  So,  ogain,  among  Reptiles,  we 
find  the  vertebral  column  most  lengthened,  and  the  tail  especially  developed, 
in  those  whose  limbs  are  feeblest,  or  altogether  deficient,  as  among  Ser- 
pents, and  Serpent-like  Sauria  and  Batrachia ;  whilst,  if  the  limbs  are  the 
principal  instruments  of  locomotion,  as  in  Frogs  and  Turtles,  the  vertebral 
column  is  shortened,  and  the  tail  contracted.  And  in  Fishes,  the  same 
general  rule  holds  good. — In  no  class,  however,  is  this  rule  without  its 
exceptions ;  and  it  must  be  taken  rather  as  an  expression  of  facts,  possess- 
ing a  certain  cwpmco/ value,  than  as  entitled  to  the  character  of  a  "  law" 
of  development,  which  some  would  claim  for  it. 

80.  Another  principle,  propounded  by  Cuvier,  and  supported  by  those 
who  have  adopted  the  "  functional"  or  "  teleological"  (purposive)  rather 
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than  the  "  homological"  relations  of  organs  as  their  guide,  is  that  of  the 
harmony  of  forms,  or  the  coexistence  of  elements.  It  implies  that  there  is 
a  necessity,  arising  out  of  the  conditions  of  organic  existence,  for  the  com- 
bination of  organs  according  to  their  several  actions ;  that  there  is  a  con- 
stant harmony  between  organs  which  are  functionally  connected ;  and  that 
the  altered  form  of  one  is  invariably  attended  with  a  corresponding  altera- 
tion in  the  others.  A  general  comparison  of  the  skeleton  of  a  Carnivorous 
with  that  of  an  Herbivorous  quadruped,  will  furnish  a  characteristic  illus- 
tration of  this  doctrine.  The  Tiger,  for  example,  is  furnished  with  a  cranial 
cavity  of  considerable  dimensions,  in  order  that  the  size  of  the  brain  may 
correspond  with  the  degree  of  intellect  which  the  habits  of  the  animal  re- 
quire. The  face  is  short,  so  that  the  power  of  the  muscles  which  move  the 
head  may  be  advantageously  applied.  The  canine  teeth  are  large  and 
pointed ;  whilst  the  molars  have  sharp  edges,  adapted  only  for  cutting,  to 
which  purpose  they  are  most  effectively  applied  by  the  'scissors-like  action 
of  the  jaw.  The  lower  jaw  is  short,  and  the  cavity  in  which  its  condyle 
works  is  deep  and  narrow,  allowing  no  motion  but  that  of  opening  and 
shutting ;  the  fossa  in  which  the  temporal  muscle  is  imbedded,  is  very  large ; 
and  the  muscle  itself  is  attached  to  the  jaw  in  such  a  manner  as  to  apply 
the  power  most  advantageously  to  the  resistance.  The  spinous  processes 
of  the  vertebrffi  of  the  back  and  neck  are  very  strong  and  prominent,  giving 
attachment  to  powerful  muscles  for  raising  the  head,  so  as  to  enable  the 
animal  to  carry  off  his  prey.  The  bones  of  the  extremities  are  disposed  in 
such  a  manner,  as  to  allow  the  union  of  strength  with  freedom  of  motion ; 
the  head  of  the  humerus  is  round,  and  the  articular  surfaces  of  the  forearm 
indicate  that  it  possesses  the  power  of  pronation  and  supination.  The  toes 
are  separate,  and  armed  with  claws,  which  are  retracted  when  not  in  use  by 
a  special  apparatus  that  leaves  its  mark  upon  the  bones. — On  the  other  hand, 
in  the  conformation  of  the  Herbivorous  quadruped,  we  are  at  first  struck 
by  the  diminished  capacity  of  the  cranium,  and  the  increased  size  of  the 
bones  of  the  face.  The  jaws  are  long,  and  the  lower  jaw  has  a  great  degree 
of  lateral  motion,  the  glenoid  cavity  being  broad  and  shallow;  and  whilst 
the  pterygoid  fossa,  in  which  the  muscles  that  rotate  it  are  lodged,  is  of 
large  size,  the  temporal  fossa  is  comparatively  small,  no  powei^l  hiting 
motions  being  required  by  the  nature  of  the  food  or  the  mode  of  obtaining 
it.  The  front  teeth  are  fewer  and  smaller;  but  the  surfaces  of  the  grind- 
ing teeth  are  extended,  and  are  kept  constantly  rough  by  the  alternation  of 
dentine  and  enamel.  The  limbs  are  more  solidly  formed,  and  have  but  little 
freedom  of  motion,  the  hip  and  shoulder  being  scarcely  more  than  hinge- 
joints  ;  the  extremities  are  incased  in  hoofs,  which  are  double  if  the  animal 
niminates,  and  either  single  or  multiple  if  it  does  not.  The  whole  body  is 
heavier  in  proportion,  the  nutritive  system  being  more  complicated ;  and 
the  muscles  which  enable  the  tiger  to  lift  considerable  weights  in  his  mouth, 
are  here  necessary  to  support  the  weight  of  the  head  itself. 

81.  Thajb  this -statement  is  true  so  far  as  it  goes,  no  one  can  deny ;  and 
the  researches  which  have  been  based  upon  it  Imve  been  most  successful  in 
repeopling  the  globe,  as  it  were,  with  the  forms  of  animals  which  have  long 
been  extinct,  but  which  can  be  certainly  predicated  even  from  minute  frag- 
ments of  them.  A  little  consideration,  however,  will  show  that  the  exist- 
ence of  such:  adaptations  of  parts  i^  nothing  more  than  a  result  of  the 
general  plan*  of  developmebtj  and  gives  us  no  information  of  the  nature  of 
that  plan.  It  is  evident  that,  if  it  w«re  deficient,  the  race  must  speedily 
become  extinct;  the  conditions  of  its  existence  being  no  longer  fulfilled ; 
and  that,  whaitever  be'the-laws  of  development,  they  must  operate  to  this 
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end,  iu  order  that  the  world  inaj  be  peopled  with  life.  An  animal  with  the 
carnivorous  propensity  of  the  Tiger,  for  instance,  and  the  teeth  or  hoofa  of 
a  Horse,  could  not  remain  alive  from  the  want  of  power  to  obtain  and  pre- 
pare its  aliment ;  nor  would  a  horse  be  the  better  for  the  long  canine  teeth 
of  the  tiger,  which  would  prevent  the  grinding  motion  of  his  javrs  reqoired 
for  the  trituration  of  the  food. — The  statement  above  given  cannot,  there- 
fore, be  reganled  as  a  law;  since  it  is  nothing  more  than  the  expression, 
in  an  altered  fonn,  of  the  fact,  that  as  the  life  of  an  organized  beinfc  con- 
sists in  the  performance  of  a  series  of  actions,  which  are  dependent  upon 
one  another,  and  are  all  directed  to  the  same  end,  whatever  seriously  inter- 
feres with  any  of  these  actions  must  be  incompatible  with  the  maintenance 
of  its  existence.  The  splendid  discoveries  of  Cuvier  and  other  anatomists, 
who  have  succeeded  in  determining,  from  minute  fragments  of  bones,  the 
characters  of  so  many  extraordinar}*  species  of  remote  epochs,  have  resulted 
from  the  sagacious  ap])reciation  of  this  truth,  and  from  the  use  made  of  it 
in  the  laborious  comparison  of  these  remains  with  the  similar  ])arts  of  ani- 
mals now  existing.  Until  that  com])rehensive  Plan  shall  have  been  dis- 
covered, of  which  these  are  so  many  individual  manifestations,  no  briefer 
process  can  be  adopted. 

82.  The  tendency  to  conformity  to  an  ideal  **  archetype"  is  frequently 
shown,  in  a  most  remarkable  manner,  by  the  occurrence  of  Moiistronties; 
wliich,  though  once  regarded  by  men  of  science  with  feelini^s  very  little 
higher  tlian  tliose  with  which  they  are  still  looked  on  by  the  vulfcar,  may 
now  be  considered  as  among  the  most  interesting  and  suggestive  of  all  the 
illustrations  of  "Unity  of  Design;"  since  of  these  malformations,  a  con- 
siderable proportion  are  such  in  virtue  of  their  closer  conformity  to  the 
general  model,  those  modifications  of  it  which  are  characteristic  of  the 
special  form  not  having  been  evolved.     Some  of  the  most  curions  examples 
of  this  arc  furnished  by  the  Vegetable  kingdom. — Thus,  the  families  La- 
miara  and  Scrophularineoi  are  distinguished  by  that  peculiar  form  of  corolla 
which  is  denominated  labiate^  from  tlie  two  large  lii)s  bounding  its  month ; 
and  the  stamens,  instead  of  being  five  (like  the  sei)als  of  the  calyx),  are 
only  four  in  number,  and  are  "  didynamous,"  that  is,  two  are  longer  than 
the  other  two.     Now  in  these  ])oints,  there  is  a  dc])arture  from  that  sym- 
metrical arrangement,  and  that  e(iuality  of  parts,  which  are  characteristic 
of  t\\Q  regular  l\oweT\  this  departure  being  a  modification  special   to  the 
order,  superinduced  upon  the  more  general  type.     A  further  niodi6cation 
is  seen  in  certain  genera  of  the  Scrophularinecc,  such  us  the  common  Anitr- 
rhinum  (Sna])dragon),  in  which  a  long  spur  is  develoi)ed  from  one  only  of 
the  ])etals  of  the  corolla,  wiiilst  the  U])per  lip  is  dcveIo])ed  in  such  a  manner 
as  to  form  an  arch,  against  which  the  lower  lip  doses  completely,  forming 
what  is  termed  a  ringent  corolla.    Now  in  cultivated  specimens  of  this  plant, 
it  is  not  uncommon  to  meet  with  a  reversion  to  the  regular  type;  the  petals 
being  all  equal  and  similar,  so  as  to  produce  a  circularly-symmetrical  corolla, 
and  each  of  them  having  a  spur  developed  from  its  under  side ;  while  the 
stamens  are  augmented  to  five  in  number,  and  are  all  of  equal  lengtli.     So, 
again,  in  the  common  Tropceolum  (Nasturtium),  which  in  its  normal  state 
possesses  one  spurred  petal,  the  tendency  to  regularity  is  exhibited,  some- 
times in  the  di8a])pearance  of  the  spur,  sometimes  in  tlic  development  of  the 
same  ai)pendage  from  other  petals.     The  breaking-up  of  the  whorls  of  a 
flower  by  the  development  of  the  intemodes,  so  that  its  ])arts  are  found  to 
be  disposed  in  a  regular  spiral  round  the  axis  (which  may  be  occasionally 
seen  in  the  double  Tulip  and  in  some  of  the  Euphorbiaca;),  is  an  example 
of  reversion  to  a  still  more  general  plan,  of  which  the  flower  itself  is  a  spe- 
cial modification ;  and  the  same  may  be  said  of  that  reversion  of  each  of  the 
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parts  of  the  flower  to  the  foliaceoQS  type,  whicli  is  sometiioes  witiiessed  in  a 
single  whorl,  sometimes  in  the  whole  flower  at  once  (§  30), — In  the  Animal 
kingclom  it  w  not  diSicult  to  trace  the  same  tendency  j  ttie  departures  from 
the  normal  tjpe,  however,  being  for  the  most  part  greater  in  internal  strnet- 
nire  than  iu  external  conforroatioru  Of  the  former  kind,  some  of  the  moat 
intere^tinj^  are  those  whieh  will  be  hereafter  described  as  preientiDg  them- 
selves in  the  Circnlatinj^  apparata**  (Chap.  Y.) ;  of  the  latter,  the  most  fre- 
quent (as  among"  FlanU)  are  those  which  oecnr  in  the  generative  sjstem. 
For  example,  among  the  higher  MHimnal-^,  in  which  ilit*  specialhation  of  IhG 
sexna!  a|>]>aratna  is  the  greatest — that  is,  in  wliich  the  diflferences  of  the 
mule  and  female  organs  are  most  strongly  marked — it  is  not  at  all  uncom- 
mon to  meet  with  instances  of  **apnrioTia  hermaphrodism,"  which  are  really 
nothing  else  than  approximations  to  the  community  of  tvpe  that  is  seen 
transiently  in  an  early  stage  of  their  development,  and  permanently  in  those 
lower  tribes,  ivhose  externa!  generative  organs  are  nearly  alike  in  the  two 
sexes.  Thus  in  an  animal  whose  general  characters  arc  those  of  the  malei 
we  may  find  the  penis  imperfectly  developed,  and  not  perforated  by  the 
urethra,  which  terminates  iu  an  uro-genital  fissure  that  opens  posteriorly  ; 
and  the  two  halves  of  the  scrotum,  separated  by  this  fissure,  may  resemble  the 
labia  of  the  female,  the  testes  not  having  descended  to  occupy  them.  On 
the  other  hand,  in  an  animal  in  which  the  eharacters  of  the  female  on  the 
whole  predominate,  the  upper  part  of  the  vaginal  canal  may  be  closed,  so 
that  it  cannot  be  distinguished  from  the  nro-genital  fissure  found  in  an  ira* 
perfect  male ;  the  clitoris  is  soraetimes  developed  to  a  very  large  size,  and 
the  urethra  may  be  continued  to  its  cAlremitj,  cither  as  a  complete  canal, 
or  as  a  groove ;  and  the  ovaries,  descending  into  the  labia,  may  give  them 
the  character  of  a  divided  scrotum. 

83.  The  "idea^^  of  progress  from  the  more  general  to  the  more  special, 
which  we  have  thus  found  to  prevail  alike  in  the  completed  structure  of  the 
existing  types  of  Vegetable  and  Animal  organization,  and  in  the  develop- 
mental process  by  which  they  attain  it,  may  also  be  traced  in  that  long 
series  of  organic  forms  which  have  successively  appeared  and  disappeared 
on  the  face  of  this  globe,  and  have  finally  given  place  to  those  of  onr  own 
epoch.  The  entombment  of  the  remains  of  many  of  these,  in  the  strata  in 
progress  of  formation  at  the  time  of  their  existence,  has  enabled  the  Palae- 
ontologist to  reconstruct,  to  a  certain  extent,  the  Fauna  and  Flora  of  each 
of  those  great  epochs  in  the  Earth's  history,  which  are  distinctly  marked 
out  in  Geological  time,  both  by  extensive  disturbances  in  the  earth's  crust, 
and  by  striking  changes  in  the  structure  and  distribution  of  the  living 
beings  which  dwelt  upon  it.  Each  of  these  epochs  was  characterized  by 
some  peculiar  forms,  or  combinations  of  forms,  of  Animal  and  Vegetable 
life,  which  existed  iu  it  alone;  and  the  further  we  go  back  from  the  existing 
period,  the  wider  are  the  diversities  which  we  encounter,  both  in  that 
general  aspect  of  these  kingdoms  of  nature  which  depends  upon  the  relative 
proportions  of  their  different  subordinate  groups,  and  in  the  features  and 
structure  of  the  beings  composing  these  groups.  The  attempt  has  been 
made  to  prove,  that  these  changes  might  be  reduced  to  a  law  of  **  pro- 
gressive development ;"  meaning  by  this,  that  the  lowest  forms  of  Vege- 
table and  Animal  life  were  first  introduced,  that  those  of  the  least  degree  of 
elevation  next  presented  themselves,  and  so  on  consecutively,  until  we  reach 
Man,  who,  as  the  highest  in  the  series,  was  the  last  to  make  his  appearance 
upon  the  globe.  Further,  it  has  even  been  surmised  that  aa  actual  "trans- 
mutation'^  of  the  lower  forms  into  the  higher  took  place  in  the  course  of 
geological  time  j  so  that,  from  the  germs  first  introduced,  or  from  otheri 
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which  have  since  originated  in  combinations  of  inorganic  matter,  the  whole 
succession  of  organic  forms,  from  the  simplest  I^tophyte  np  to  the  Oak 
or  Palm,  from  the  Protozoon  up  to  Man,  has  been  gradually  cYolved  ;  not, 
however,  in  a  single  series,  bnt  from  several  distinct  stirpes  whose  develop- 
ment has  token  difTcrcut  directions.'  The  facts  of  Geological  science,  how- 
ever, do  not  seem  to  bear  oat  the  first  of  these  doctrines ;  and  the  facts  of 
Piiysiology  lend  no  real  support  to  the  second.  For  it  is  easily  capable  of 
being  shown,  that  although  the  doctrine  of  "progressive  development^  as 
just  stated  may  be  true  in  some  of  its  main  features — Radiata,  Mollusca, 
and  Articulata  having  perhaps  existed  before  any  Yertcbrated  animals  left 
traces  of  their  existence,  Fishes  having  been  abundant  before  we  have  any 
distinct  evidence  from  the  remains  of  Reptiles  that  the  latter  had  been  in- 
troduced, and  Reptiles  having  been  for  a  time  the  sole  air-breathing  Yerte- 
brata,  and  having  occupied  the  place  (so  to  speak)  of  Birds  and  Mammals, 
when  as  yet  these  had  been  either  very  scantily  produced  or  were  altogether 
wanting — ^yet  that  when  we  come  to  apply  it  more  closely,  it  altogether 
fails.  And  even  if  the  doctrine  of  progressive  development,  in  its  usual 
form,  were  true  in  every  particular,  it  would  afford  no  ground  whatever  for 
the  doctrine  of  transmtUation,  which  is  not  only  opposed  to  all  onr  experi- 
ence, but  which  fails  to  account  for  the  intimate  nexus  that  so  commonly 
unites  together,  not  merely  the  higher  and  the  lower  forms  of  each  series, 
but  the  members  of  different  series  with  each  other.  The  question  how  fir 
any  real  support  is  afforded  to  this  hypothesis  by  the  physiological  facts 
which  have  been  advanced  in  its  behalf,  and  which  have  been  supposed  to 
prove  the  possibility  of  such  transmutation,  will  be  more  advantageously 
considered  hereafter  (Chaj).  XL). 

84.  A  more  satisfactory  account  of  the  Succession  of  Organic  Life  on 
the  surface  of  the  globe,  may  probably  be  found  in  the  general  plan  which 
has  been  shown  to  prevail  in  the  development  of  the  existing  forms  of  organic 
structure ;  namely,  the  passage  from  the  more  general  to  the  more  special 
This  seems  to  be  manifested  in  two  modes. — In  the  first  place,  we  find  a 
certain  class  of  cases  in  which  extinct  animals,  especially  the  earliest  forms 
of  any  class  that  may  be  newly  making  its  a])pcarance,  present  indications 
of  a  closer  conformity  to  '*  archetypal  generality,"  than  is  shown  in  the  exist- 
ing animals  to  which  they  bear  the  closest  api)roximation ;  and  hence  their 
conformity  to  the  latter  is  closer  in  the  embryo-condition  of  these  than  in 
their  fully  developed  and  more  specialized  state.  Thus  the  Triiobites  (Fig. 
76,  a)  of  the  Palajozoic  formations  are  more  nearly  represented  at  the  pre- 
sent time  by  the  larval  forms  of  certain  Entomostracous  Crustacea,  than  by 
the  adult  forms  of  any ;  their  resemblance  being  peculiarly  close  to  the  larva 
of  the  Limulus  (Fig.  76,  b),  which,  when  it  quits  the  egg^  is  destitute  of  the 
peculiar  bayonet-shaped  weapon  proceeding  from  the  post-abdominal  divi- 
sion of  the  body  in  the  adult,  and  also  has  the  ceplialo-thorax  relatively  smaller, 
and  the  abdomen  longer  and  more  trilobed.  Before  the  Secondary  period, 
we  have  no  vestiges  of  the  higher  types  of  Crustacean  structure ;  the  seas 
having  been  tenanted  only  (so  far  as  at  present  known)  by  gigantic  Ento- 
mostraca.  In  the  secondary  strata,  however,  we  find  numerous  remains  of 
the  Becapodous  order,  which  includes  the  most  specialized  forms  of  the 
class ;  but  nearly  all  these  belong  to  the  macrourous  section  of  it,  which 
departs  least  from  archetypal  regularity.  It  is  in  the  Cretaceous  period, 
that  we  first  meet  with  forms  that  are  referrible  to  the  intermediate  anomouT' 

■  See  the  "Vestiges  of  Creation,"  Jm,  Ed.,  in  which  this  hypothesis  is  put  forth  and 
sustained  with  great  ingenuity. 
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au$  section;  and  not  nntil  after  the  commencement  of  thiB  Tertiary,  do  we 
find  well-marked  examples  of  the  proper  brachyourous  type.    Now  this 

Fig.  76. 


▲y  Ogygia  Bwkii,  a  Lower  Silorian  Trilobite :  b,  LimulM§  moZuecania  (recent). 

niccession  of  forms  is  closely  paralleled  by  that  which  is  presented  by  the 
common  Crab  in  the  course  of  its  development  (Pig.  T7) ;  for  its  larva  is 

Fig.  77. 


Ifetamorphotli  of  Carctnw  Jfcenat: — A,  first  stage;  B,  seeond  stage;  c,  third  stage,  in  which 
It  Wgiat  to  asrame  the  adult  form ;  d,  perfect  form. 

at  first  essentially  entomostracons,  then  macronrons,  and  then  anomonrons ; 
the  brachyoorons  form,  which  constitutes  the  greatest  departure  from  arche- 
type, being  only  assumed  at  the  close  of  this  series  of  changes.^ — So  again, 
as  Prof.  Owen  has  pointed  out,  since  no  completely  ossified  vertebra  of  a 
Fish  has  yet  been  discovered  in  the  Silurian  and  Devonian  periods,  notwith- 


I  See  Prof.  Owen's  Hvnterian  LeetoreB  *'  On  the  Genention  and  DeTelopment  of  tho 
Invertebrated  An^nalB,"  for  1849,  in  the  « Medical  Times,"  toI.  zx.,  pp.  871-8. 
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Standing  the  great  number  of  species  whose  remains  are  known  to  us,  the 
evidence  seems  concInsiTc  that  all  the  Fishes  of  that  time,  whaterer  maj 
have  been  their  degree  of  development  in  other  respects,  coold  hare  not 
advanced  beyond  the  embryonic  gprade  of  the  grater  number  of  existing 
Fishes,  as  regards  the  stmctnre  of  their  spinal  colomn.  Moreover,  in 
nearly  all  the  earlier  Fishes,  as  was  first  pointed  out  by  Prof.  Agassiz,  we 
find  a  conformation  of  the  tail  which  differs  from  that  prevailing  amongst 
the  existing  Fishes,  but  corresponds  with  that  which  presents  itself  in  the 
embryonic  state  of  the  latter.  For  in  most  of  the  Osseous  fishes  of  the 
present  epoch,  the  bodies  of  several  of  the  terminal  candal  vertebrse  coal- 
esce, so  that  the  spinal  colnmn  appears  to  end  abruptly,  whilst  their  neural 
and  hsemal  arches  and  spines  are  equally  developed  above  and  below,  so  as 
to  form  the  "homocercal"  tail  represented  in  Fig.  78,  b;  in  almost  eveiy 

Fig.  78. 


A,  Ueterocercal  tail ;  b,  Uomooercal  tail. 

Fish  anterior  to  the  Liassic  period,  on  the  other  hand,  the  tail  was  formed 
upon  the  "  heterocercal"  type,  the  vertebral  column  being  continued  on- 
wards into  its  upper  lobe,  which  is  consequently  the  largest  (a).     Now  it 
is  obviously  the  " hetcrocercal"  tail,  which  departs  least  from  the  ''arche* 
type;"  and  we  find  that  even  those  Fishes  which  present  the  " homocercal" 
conformation  in  their  mature  condition,  have  their  tails  originally  ''  heteio- 
cereal."     Thus  as  the  ''heteroccrcal"  tail  is  the  most  genera/ character  of 
the  class,  being  possessed  by  every  fish  at  some  period  of  its  existence, 
whilst  the ''homocercal"  conformation  is  specially  limited  to  a  section  of 
the  class,  the  all-but-universal  prevalence  of  the  former  during  the  earlier 
periods  of  the  life  of  the  class  in  our  seas,  and  the  comparatively  late  ap- 
pearance of  the  latter,  constitute  a  very  remarkable  example  of  this  form 
of  the  doctrine  above  stated.     The  Geological  history  of  the  Reptilian  class 
(as  remarked  by  Prof.  Owen)  furnishes  many  illustrations  of  the  same  cha- 
racter.    Thus  in  the  earlier  Crocodiles  (as  the  Teleosaurus  of  the  Oolitic 
formation),  the  vertebra  were  biconcave,  as  in  the  embryo  of  the  existing 
crocodiles ;  but  this  structure  is  exchanged  in  the  succession  of  species,  as 
in  the  development  of  the  individual,  for  the  ball-and-socket  articulation 
characteristic  of  lleptiles  generally. — So,  Mammalia  seem  first  to  have  be- 
come numerous,  and  to  have  presented  a  diversified  range  of  forms,  at  the 
commencement  of  the  Tertiary  epoch ;  and  in  many  of  the  earlier  Mammals, 
a  closer  conformity  to  "archetypal  generality"  is  to  be  discovered,  than  in 
the  perfected  forms  of  their  existing  representatives,  though  paralleled  (aa 
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in  the  previous  eases)  by  their  embryonic  conditions.  This  is  especially 
true  in  regard  to  the  dentition ;  which,  in  most  of  the  earlier  tertiary  Mam- 
mals, was  remarkably  conformable  to  the  general  type ;  the  full  number  of 
44  teeth  being  nearly  always  present,  whether  the  animal  was  herbivorous 
or  carnivorous ;  and  the  modifications  whereby  they  were  specially  adapted 
to  animal  or  vegetable  food,  being  eflPected  with  far  less  amount  of  diflfer- 
entiation  among  them,  than  exists  in  the  like  organs  at  the  present  time. 
The  same  tendency,  however,  may  be  observed  in  other  parts  of  their  organi- 
zation.    Thus,  the  earliest  species  of  Palaothenum,  Fig.  79  (a  herbivorous 

Fig.  79. 


Skeleton  of  Palceotkerium  magnum, 

quadruped,  having  some  affinity  with  the  Tapir,  but  more  with  the  Horse, 
of  the  present  epoch),  had  the  complete  typical  dentition,  with  three  well- 
developed  toes  on  each  foot ;  but  a  later  species  approached  the  horse  more 
closely,  in  the  reduction  of  the  outer  and  inner  toes,  leaving  the  central  one 
much  larger  in  proportion ;  and  in  a  still  later  species,  the  outer  and  inner 
toes  are  much  more  reduced,  and  the  form  and  proportions  of  the  rest 
of  the  skeleton  and  teeth  are  brought  much  nearer  those  of  the  Horse, 
which,  in  the  full  development  of  only  a  single  digit  of  each  member,  as 
well  as  in  the  suppression  of  some  of  the  teeth  and  the  remarkable  develop- 
ment of  others,  must  be  considered  as  one  of  the  most  highly  specialized 
forms  of  the  order.  So  in  the  early  Mammals  that  most  resemble  the 
Ruminants  of  the  present  day,  the  most  special  characters  of  the  group 
are  wanting,  or  are  very  feebly  manifested.  Thus  the  IHeobune,  Dichodon, 
and  Anoplothenum,  which  may  be  inferred  from  the  structure  of  their  teeth 
and  from  the  conformation  of  their  feet  to  have  been  ruminating  Mammals, 
were  unpossessed  of  horns,  had  canines  and  incisors  in  both  the  upper  and 
lower  jaws,  and  retained  through  life  that  separation  of  the  two  metacarpal 
and  metatarsal  bones,  which  exist  in  the  true  Ruminants  only  during  the 
embryo  state,  these  bones  subsequently  coalescing  in  them  into  the  single 
"cannon-bone."  Hence,  as  Prof.  Owen  has  remarked,  they  depart  less 
widely  from  the  archetype,  than  do  the  existing  Ruminants ;  and  are  more 
nearly  allied  to  the  embryo-states  of  the  latter,  than  to  their  adult  forms. 
Again,  a  very  wide  departure  fh)m  the  normal  type  of  dentition  is  exhibited 
in  the  Proboscidian  tribe  of  Pachyderms,  represented  in  the  present  day 
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Fig.  80. 


Molar  tooth  of  Mattodon, 


by  the  Elephant  alone ;  for  whilst  the  incisors  of  the  upper  jaw  acqoire  those 
enormous  dimensions  which  obtain  for  them  the  name  of  tusks,  those  of  the 
lower  are  absent;  and  whilst  the  true  molars  not  only  acquire  a  large 

size,  but  a  remarkable  complexity  of  struc- 
ture, the  pre-molars  are  suppressed.  Now 
the  dentition  of  the  first  known  representa- 
tive of  this  order,  the  primcTal  Mastod<m, 
departed  far  less  from  the  typical  condi- 
tion, than  that  of  the  later  Proboscidians; 
for  not  merely  is  the  structure  of  its  true 
molars  (Fig.  80)  more  simple,  but  a  per- 
manent pre-molar  is  found  on  either  side 
of  each  jaw ;  and  in  many  species  two  in- 
cisors are  developed  in  the  lower  jaw, 
these  being  sometimes  retained  through 
the  whole  of  life.  This  prevalence  of  the 
normal  or  typical  dentition  among  the 
earlier  Mammals,  is  seen  not  merely  in  the 
herbivorous,  but  also  in  the  carnivorous 
species  of  the  older  tertiary  strata ;  thus 
whilst,  of  modern  Camivora,  the  Bear  departs  from  it  least,  the  only  tooth 
which  is  wanting  being  the  third  true  molar  in  the  upper  jaw,  even  this  de- 
parture is  not  found  in  the  ancient  Amphycyon,  which  presents  the  typical 
formula.* 

85.  But  the  passage  from  the  more  general  to  the  more  special  is  shown, 
not  merely  in  the  closer  conformity  of  tl\e  more  ancient  forms,  as  compared 
with  the  existing,  to  archetypal  generality,  but  also  in  the  mode  in  which 
special  characters  are  often  first  evolved.  For  it  frequently  (perhaps  gene- 
rally) happens,  that  the  earliest  forms  of  each  principal  group  are  not,  ik$ 
lowest ;  but  that  they  present  in  combination  those  characters  which  are 
found  to  be  separately  distributed,  and  more  distinctly  manifeisted,  among 
groups  that  have  subsequently  made  their  appearance. — One  of  the  most 
curious  exemplifications  of  this  principle  in  the  Radiated  division  of  the 
Animal  kingdom,  is  to  be  found  in  the  history  of  the  class  Echinodermaia; 
for  the  group  which  seems  to  have  attained  a  high  development  at  the 
earliest  period,  is  not  that  of  Crinoidea,  by  which  the  class  in  question  is 
most  closely  connected  with  Zoophytes,  but  that  of  Cystidea  (Pig.  81), 
which  (there  is  reason  to  believe)  was  much  superior  to  this  in  general 
organization.  Now  this  order  seems  to  have  presented  a  most  extraordi- 
nary combination  of  the  distinctive  characters  of  the  remaining  groups ;'  of 

*  The  principle  expounded  in  this  paragraph  has  been  prominently  enunciated  and 
illustrated  bj  Prof.  Owen  in  Tarious  parts  of  his  writings.  The  remarkable  facts  here 
stated  with  respect  to  the  dentition  of  Mammalia,  are  contained  in  his  article  <*  Teeth" 
in  the  **Cjclopa)dia  of  Anatomy  and  Physiology,"  vol.  iv.  A  masterly  exposition  of 
this  general  doctrine,  as  opposed  to  the  "uniformitarian*'  theory — that  animal  and  vege- 
table life  were  as  highly  developed  in  the  earlier  periods  of  geological  history,  as  at  the 
present  time — will  be  found  in  the  "Quarterly  Kevicw,"  vol.  Ixxxix.  p.  412,  cl  seq. 

'  The  order  Ci/siidea,  as  remarked  by  Prof.  £.  Forbes  ("Memoirs  of  the  Geologioal 
Survey  of  Great  Britain,"  vol.  ii.)  seems  to  have  been  intermediate  in  structure  between 
the  CrinoideOy  Ophiurida^  Asteriada,  and  Echinida ;  for  it  agreed  with  the  first  in  the 
attachment  of  the  body  by  a  stem,  and  in  possessing  an  intestine  with  an  aAal  orifiee; 
the  structure  of  the  arms,  in  the  species  that  possess  them,  accords  with  that  of  thtf 
second ;  the  division  of  the  body  into  lobes,  in  certain  genera,  links  it  with  the  thiidf 
and  the  enclosure  of  the  body  within  a  box-like  shell,  formed  of  polygonal  plates,  showe 
its  affinity  with  the  fourth.  In  addition,  it  may  be  remarked,  the  singleness  of  Ihf 
generative  orifice,  is  a  strong  link  of  connection  with  the  Holothitriada  (J  40).     ■       *  ■ 
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Pig.  81. 


Cnr^ocrmite*  orwfirut,  one  Qf 


wMcb  Mm  ifpiar  not  to  haTe  cxigted»  and  the  rest  to  have  presented  a 
Tery  limited  range  of  forms,  at  the  time  when  tV 
was  predominant  Thus,  the  Critwidea  of  the 
Palfeozoic  period » though  very  numerous,  exhibit 
but  little  variety  of  type ;  and  in  the  complete  en- 
closure of  the  body  by  polygonal  plates,  they  pre- 
sent a  closer  approximation  to  the  Cystidea,  than 
do  the  Crinoidea  of  the  Secondary  period,  in 
which  the  variety  of  forms  in  much  greater.  So, 
again,  the  Asteriada  and  Opknin'da  of  the  Palffio- 
zoic  period  appear  to  have  represented  only  a  mmW 
part  of  the  forms  which  those  groups  have  since 
included.  It  is  probable  that  the  tr^e  M^hinida 
did  not  exist  at  all  in  the  Palaeozoic  period  ;*  and 
although  we  are  unfortaaately  not  likely  ever  to 
obtain  proof  or  disproof  of  the  existence  of  I/ido^ 
thunada,  it  cannot  but  be  thought  probable  that 
they,  too,  were  as  yet  absent.  In  the  Secondary  period,  on  the  other  hand, 
when  the  Cystidea  had  ceased  to  exist,  we  have  evidence  (save  as  to  the  Holo- 
thuriadAf  the  softness  of  whose  bodies  would  be  likely  to  prevent  their  pre- 
servation) that  they  were  replaced  by  ail  the  orders  just  named  ;  and  these 
soon  came  to  present  a  very  high  degree  of  development,  dividing  among 
them  (ao  to  speak)  the  charac- 
ters possessed  by  the  Cystidea,  j-ig,  S2. 
and  carrying  these  out  sepa- 
rately as  the  distinctive  pe- 
culiarities of  their  respective 
types.— The  earliest  Bivalve 
Mollusk  yet  discovered,  be- 
longs to  the  existing  genus 
Linf^iiki  (Fig.  S2) ;  wliich, 
while  essentially  Braeluopo- 
dous  in  structorc,  has  no  shelly 
fraAnework,  like  that  of  the 
typical  Bmchiopods,  for  the 
attachment  of  itf  arms^  these 
beinj^  free  throughout ;  whilst 
on  tlie  other  hand,  its  mantle 
exhibits  plaited  processes  on 
its  inner  surface,  which  corre- 
Bpond  with  the  early  stage  of 
formation  of  the  specialized 
gtUa  of  the  Lamellibranchiata ; 

^  that,  whilst  more  elevated,  in  regard  to  its  respiratory  apparatus  at  least, 
than  the  Brachiopods  which  subseqocntly  nmke  their  appearance,  it  is  so 
in  virtne  of  its  possession  of  Lamelli  branchiate  characters, — Among  the 
higher  Mdlmcu,  again,  we  find  that  a  prominent  place  in  the  earlier  forma- 
tions w^as  occupied  by  the  gronp  of  THrahranckiaia,  including  the  Nau- 
tilus and  its  allies  (Fip.  83i  84);  which  presents  the  lowest  development  of 
the  distinctive  characters  of  the  Cepludopod  class,  and  which  has  much  in 

'  Tbe  genem  PaisEckimti  and  P&!moeidaria^  vbicli  hftve  been  usually  referred  to  this 
group,  are  cousirj^red  bj  lYot  E.  Forbes  as  eoQn«ciin^  links  between  the  Cyttidm  and 
true  Echinida,  approxim»tiag  mojst  neaj-ly  to  the  fonner. 


'\ 


Liapitu  tumiina. 
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common  with  the  testaceons  Gasteropods.    Now  there  is  no  evidence  of  the 
existence  of  the  higher  order  of  "  Dibranchiate"  Cephalopods,  at  that  early 


Fig.  83. 


Fig.  84. 


Shell  of  Xautilut  pnmpilhUf  cut  open  to  show 
the  chnmbers  and  the  liphon. 


Orlhoreratite,    A,  Exterior  ;  m,  Seetio% 
showing  the  chambert  and  tiphuiidiu 


date  in  the  PalflBozoic  period  at  which  this  order  had  acquired  an  extia- 
opdinary  multiplication  and  variety  of  forms;  and  so  far  it  might  seem  thai 
we  have  a  progression  from  the  lower  to  the  higher.     But  the  paocity  of 
remains  of  typical  Gasteropods,  at  the  same  period,  is  almost  as  remarkable - 
and  some  of  those  forms  which  are  most  abundant  (e,  g.  Enomphalas  and 
Bellerophon)  present  indications  of  close  proximity  to  Cephalopoda.     6o 
that  it  would  seem  as  if  the  NautiUnd  type  is  really  to  be  regarded  as  hav- 
ing occupied  Ihe  place,  at  that  period,  not  merely  of  the  order  above,  but 
also  (in  part)  of  the  class  below ;  its  decline  and  almost  complete  disappear* 
ance,  during  the  Secondary  epoch,  being  coincident  with  the  multiplication 
of  forms  of  the  more  typical  Gasteropods,  and  of  the  higher  Cephalopods.— 
Again,  among  the  Fishes  which  were  the  earliest  of  the  Vertebrated  inhi^i- 
tants  of  the  globe,  we  find  a  remarkable  assemblage  of  characters ;  some  of 
them  presenting,  in  the  extraordinary  development  of  the  dermo-skeletony 
and  in  the  softness  and  probably  rudimentary  condition  of  their  vertebral 
skeleton,  an  evident  leaning  towards  the  In  vertebrated  series ;  whilst  others 
seem  to  have  foreshadowed  the  class  of  Reptiles,  an  approach  to  which  is 
presented,  not  merely  by  the  sharks  and  their  allies,  but  by  the  Sauroid 
tribe  of  Osseous  fishes,  which  was  extremely  abundant  towards  the  end  of 
the   Palaeozoic  period.     The  Cephalaspids  of   the  Devonian  formation 
(Fig.  85)  were  not  merely  remarkable  for  the  extraordinary  development  of 
their  dermo-skeleton,  which  has  been  mistaken  for  that  of  a  Trilobite,  hot 
also  present,  as  Prof.  Agassiz  has  pointed  out,  certain  characters  of  ap- 
proximation to  the  tadpoles  of  Batrachia ;  the  breathing  organs  and  the  chief 
part  of  the  alimentary  apparatus  having  been  aggregated,  with  the  proper 
viscera  of  the  cranial  cavity,  in  an  enormous  cephalic  enlargement,  whfle 
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the  rest  of  the  truDk,  which  dwindled  to  a  point,  seems  to  have  been  set 
apart  for  locomotion  onlj.     The  Ctenoid  sud  Cycloid  orders,  which  (on  a 

review  of  the  whole  class)  maybe  undoabtcdJy  considered  as  eompreh  ending 

Fig,  85- 


\^'^^ 


Cffphaf^tpit  IjfuHiu  ft*  «e«n  from  abore,  and  freoi  tb«  side, 

the  most  topical  Fishes,  did  not  make  their  tippcarniice  (so  far  as  can  be 
determined  from  the  evidence  of  their  fossil  remains)  until  the  Ci'etaccons 

l|«nod. — Turning    to    the    air-breathing 

I  Vertebmtn,  again,  we  find  that  durinp^  the  ^'^  ^^^ 

Secondary  period,  this  series  was  chiefiy 
represented  by  the  class  of  Reptiles,  which 

[ihcn  attained  its  j^reatest  importance,  and 
neladed  groups  which  represcnte'd  Fishes, 
and  Mammals  respectively  ;   tlms 

'  liaring  a  more  f/enerai  character  than  the 
class  at  present  exhibits.  These  grou))s 
subsequently  gave  place  to  the  more 
spectai  forms,  which  carry  out  most  ex- 
elusiTcly  the  Keptilian  type.  And  when 
we  look  at  the  earliest  forms  of  llcptilian 

[life  of  which  we  have  aay  cogni?,ance,  we 

.  tligm  to  present  very  remarkable  com- 

J  7-  ^  ^^  t^*^  ciiaracterB  which  are  now 

niistrfbittd  among  different  groups.  Thus, 
the  Ltibfjrinfhodon  (Fig.  SC)  of  tlie  Tri* 

assic   formation,   appears   to   hare   been  sun  ^T Lai^nnih^J..^.      " 

essentially  Batrachian  in  its  structure,  bnt 

to  have  possessed  some  characters  of  the  Crocodilian  order*  The  same 
formation  contains  remains  of  the  Rhpi€osauni$  (Fig.  87) »  which,  while 
cHscntially  Saurian  in  its  general  stracture,  had  the  horny  mandibles,  and 
probably  many  other  characters,  of  the  Chdonia.  From  the  same  or  a 
somewlmt  anterior  epoch,  we  hare  the  remains  of  the  IMc^mAdon ;  which 
seems,  along  with  Chelonian,  Crocodilian,  and  Saurian  characters,  to  have 
possessed  the  peculiarly  Mammalian  feature  of  a  pair  of  tusks  growing  from 
persistent  pulps.     So,  again,  the  Ichih^osaurus^  whilst  essentially  Saurian 


L 


142   GENERAL  PLAN   OF  OBOANIO  8TRU0TUBE  AND  DEVELOPMENT. 

in  its  osteolopy,  had  not  merely  the  bi-coneave  yertebne  of  a  Fish,  bat 
paddles  of  a  Cetacean  tjpe,  and  a  pecaliar  sterno-acromial  apparatiu  re- 
Fig.  87. 


Skull  of  Jik^ncotatiru*, 

sembling  that  of  the  Ornithorhyncus.  Ajid  the  PlestasauruSf  which  is 
spoken  of  by  Cuvicr  as  the  most  "  heteroclite"  of  all  the  fossil  animals 
known  to  him,  possessed  the  teeth  of  the  Crocodile  with  the  head  of  a 
Lizanl,  a  neck  that  resembled  the  body  of  a  Serpent,  the  ribs  of  a  Chame- 
leon, and  paddles  still  more  decidedly  Cetacean. — In  the  early  history  of 
the  class  Mammalia,  so  far  as  known  to  us,  the  same  general  plan  may  be 
traced.  The  only  order  that  is  distinctly  recognizable  by  the  remains  pre- 
served in  the  Secondary  strata,  is  that  of  Marsuptcdia,  which  has  mach  in 
common  with  the  Oviparous  Vcrt^brata.  Near  the  commencement  of  the 
Tertiary  epoch,  remains  of  Pachydemiata  are  abundant ;  but  these  weA 
for  the  most  part  diflferent  from  those  of  the  present  epoch,  containinfj^  com- 
binations of  characters  wliich  arc  now  distributed  among  sereral  distinot 
families,  and  presenting  also  a  closer  approximation  to  the  Herbivorous 
Cetaceans  on  the  one  hand,  and  to  the  Ruminants  on  the  other,  than  is  ex- 
hibited by  any  existing  species  of  the  order.  A  most  curious  combination 
of  characters  is  presented  by  the  extinct  Toxodon;  which  had  the  incisors 

Fig.  88. 


Skeleton  of  ^fylodon, 
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of  Rodentia,  many  of  the  cranial  characters  of  Cetacea,  the  molar  teeth  and 
massive  stature  of  the  Grayigrade  Edentata,  with  a  general  conformation 
'which  seems  referable  to  the  Pachyderm  type.  The  Gravigrade  Edentata, 
of  which  the  Mylodon  (Fig.  88)  is  a  characteristic  example,  themselves 
afford  a  most  interesting  illustration  of  this  general  principle ;  for  whilst 
essentially  allied  to  the  modem  Sloths  in  their  general  structure,  they  had 
not  only  affinities  to  other,  subdivisions  of  the  Edentate  order,  but  also 
presented  links  of  transition  to  the  massive  Pachyderms.  This  group  is 
now  entirely  extinct.* 

'  86.  In  regard  to  the  Geological  history  of  the  Vegetable  kingdom,  it 
must  be  admitted  that  our  knowledge  is  still  very  imperfect;  in  consequence 
of  the  small  number  of  cases  in  which  the  internal  structure  and  fructifica- 
tion of  the  earlier  plants  have  been  preserved,  in  a  condition  that  allows  of 
the  exact  determination  of  their  characters  and  affinities.  So  far  as  our 
present  information  extends,  however,  it  is  fully  in  harmony  with  the  above 
doctrine ;  the  characteristic  Flora  of  the  Coal-formation  appearing  to  have 
bfeen  chiefly  composed  of  iJoniferuB^  which  constitute  a  connecting  link 
between  the  Phanerogamia  and  Cryptogamia ;  and  of  these  Conifer®,  while 
some  may  have  been  nearly  allied  to  existing  forms,  the  great  majority 
{Siffillaricb,  Lepidodendra,  Calamites,  &c.)  appear  to  have  presented  such 
a  combination  of  the  characters  of  the  ConifersB  with  those  of  the  higher 
Cryptogamia,  as  no  existing  group  exhibits. 

87.  So  far  as  at  present  known,  therefore,  the  general  facts  of  Palaeon- 
tology appear  to  sanction  the  belief,  that  the  same  plan  may  be  traced  out 
in  what  may  be  called  the  general  life  of  the  glahe,  as  in  the  individual  life 
of  every  one  of  the  forms  of  organized  being  which  now  people  it ;  and  that 
in  the  successive  introduction  of  the  several  groups  composing  the  Animal 
and  Vegetable  kingdoms  respectively,  the  progression  was  not  so  much 
from  the  lower  to  the  highcft  forms,  as  from  the  more  general  to  the  more 
special — ^from  those  which  Were  in  closest  relationship  to  each  other,  to 
those  that  are  most  isolated  as  types  of  their  respective  groups.  And  thus 
it  has  happened,  that,  as  every  Palseontologist  must  be  ready  to  admit,  a 
large  proportion  of  the  extinct  forms  of  Animals  and  Vegetables  must 
rank,  in  any  philosophical  system  of  classification,  as  osculant  or  transi- 
tional forms;  connecting  together  the  groups  which  seem  naturally  to 
assemble  round  existing  types,  and  seldom  standing  as  centres  round  which 
existing  forms  should  be  arranged. — ^It  would  be  premature  and  presump- 
tuous to  assert  that  such  was  the  plan,  on  which  the  progressive  evolution 
of  the  great  scheme  of  Organic  Creation  has  proceeded ;  but  the  foregoing 
indications  may  be  thought  sufficient  to  justify  the  assertion,  that  such  may 
have  been  the  plan.  If  this  view  have  a  foundation  in  truth,  the  develop- 
ment of  the  principle  in  all  its  completeness  must  be  left  for  the  time,  when 
Palffiontology  shall  possess,  as  the  result  of  the  accumulated  labors  of  many 
generations  (it  may  be)  of  industrious  explorers,  a  collection  of  information 
respecting  the  past  distribution  of  Animal  and  Vegetable  life  upon  our 
globe,  in  some  degree  comparable  to  that  to  which  the  Natural  History  of 
the  present  time  is  rapidly  attaining.' 

1  It  has  been  by  the  researches  of  Prof.  Owen,  more  than  by  those  of  any  other  Com- 
parative  Anatomist  of  modem  times,  that  the  carious  order  of  facts  above  referred  to — 
in  regard  to  Vertebrata  at  least — ^has  been  brought  to  light. 

'  In  the  foregoing  chapter,  the  Author  has  endeavored  to  set  forth,  with  the  addi- 
tional illustrations  afforded  by  later  Anatomical  and  Embryologicnl  researches,  the 
views  first  propounded  by  Von  Baer,  in  his  masterly  work,  •»  Uber  Entwickclungs- 
Geschichte  der  Thiere,"  1828,  and  recently  made  more  accessible  to  English  renders  by 
Mr.  Uttxley's  transUtion,  in  **  Taylor's  Scientific  Memoirs,"  1852-8. 
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CHAPTEE  II. 

GENERAL    VIEW    OF    THE   VITAL    OPERATIONS    OF. LIVING   BEINGS,    AND 
OF  THEIR   MUTUAL   RELATIONS. 

88.  The  study  of  the  varions  forms  and  combinations  of  Organic  Struc- 
ture, which  present  themselves  to  the  Anatomist  in  his  general  survey  of 
the  Animated  Creation,  and  the  determination  of  the  plan  according  to 
which  we  may  suppose  them  to  have  been  evolved,  constitute  a  department 
of  Biological  inquiry  that  is  quite  distinct  from  that  on  whidi  we  are  now 
to  enter — ^namely,  the  study  of  the  changes  which  take  place  in  these  bodies, 
during  their  existence  as  living  organisms; — a  connecting  link  between  the 
two  being  furnished  by  the  phenomena  of  Development^  which  strictly  be- 
long to  the  last-mentioned  category,  although,  as  we  have  seen,  they  aJTord 
most  essential  assistance  in  the  preceding  inquiry.     As  it  should  be  the 
principal  aim  of  the  scientific  Physiologist,  to  determine  the  laws  accord- 
ing to  which  these  changes  take  place,  it  is  his  first  business  to  collect  and 
compare  all  the  facts  of  the  same  character,  which  he  can  draw  from  the 
most  extended  observation  of  the  phenomena  of  Life.     The  changes  which 
occur  during  the  life  of  ant/  one  being,  are  of  themselves  inadequate  to  fll^ 
nish  the  required  information :  since  this  presents  us  only  with  a  group  of 
dissimilar  phenomena,  incapable  of  comparison  with  each  other,  or  permit- 
ting it  but  to  a  low  degree.     Were  we,  for  example,  to  derive  all  our 
notions  of  Physiology  from  the  history  of  one  of  the  simple  Cellular  Planti, 
we  should  obtain  but  very  vague  ideas  as  to  the  character  of  its  different 
nutritive  processes ;  since  we  cannot  separate  these  from  one  another,  so  as 
to  be  enabled  to  investigate  them  apart.     And,  on  the  other  hand,  we 
should  be  apt  to  form  very  erroneous  conceptions  of  the  essential  conditioni 
of  these  processes,  were  we  to  study  them  only  in  that  specialized  condition 
which  they  present  in  the  most  complete  Animal,  and  were  to  reason  thence 
as  to  their  dependence  upon  particular  kinds  of  structure.    It  is  only,  then, 
from  a  comprehensive  survey  of  the  whole  Organized  Creation — embracing 
the  unobtrusive  manifestations  of  vitality  which  Nature  presents  at  one 
extremity  of  the  scale  (as  if  to  show  the  real  simplicity  of  her  operations), 
as  well  as  those  obvious  changes  which  she  every  moment  displays  to  us  n 
her  most  elaborate  and  varied  works  (as  if  to  display  the  endless  fertili^ 
of  her  resources) — ^that  any  law  possessing  a  claim  to  generality  cani  be 
deduced. 

89.  In  every  living  Organism  of  a  complex  nature,  we  can  readily  dh* 
tinguish  a  great  variety  of  actions,  resulting  from  the  exercise  of  the  dif*. 
ferent  powers  of  its  several  component  parts;  and  these  actions  are  said  to 
be  the  functions  of  the  structures  by  whose  instrumentality  they  are  po^ 
formed.  Thus  it  is  the  "function"  of  a  Muscle,  to  contract  on  the  a^A- 
cation  of  a  stimulus ;  and  that  of  a  Nerve,  to  receive  and  to  convey  senaoij 
or  motor  impressions.  When  we  look  at  such  an  organism,  however,  as  c 
whole,  we  perceive  that  these  changes  may  be  associated  into  groaps,  k 
accordance  with  their  relations  to  each  other ;  each  group  consisting  of  at 
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ftblage  of  actions,  which,  tboogh  differing  among-  t hem se Ires,  concur 
effecting  BO  me  de  terminate  and  important  purpose.  To  thc^e  groups  of 
actions*  also,  the  name  of  I\i7tvliotis  is  applied^  bat  not  in  tlie  same  sense 
as  before.  Thus,  when  we  speak  of  the  *' Function  of  Respiration/^  we 
imply  the  assemblage  of  those  separate  actions  which  concur  in  eCfecting 
the  aeration  of  the  nutritious  tiuid,  bj  exposing?  it  to  the  atmosptiere,  or  to 
the  gnscs  diffused  through  water,  bo  as  to  effect  a  certain  change  in  its 
composition.  Simple  as  this  operation  appears,  many  provision&i  are  re- 
quired in  the  higher  organisms  for  its  eCTectual  performance.  In  the  first 
piaeOj  there  must  be  an  aerating  surface,  consisting  of  a  thin  membrane 
permeable  to  gases ;  on  one  side  of  which  the  blood  mnj  be  spread  out, 
wliUe  the  air  is  in  contact  with  the  other.  Secondly,  there  mnst  be  a  pro- 
vision for  continaally  renewing  the  nutritions  fluid  which  is  brought  to  this 
surface^  in  order  that  the  whole  mass  of  it  may  be  equally  benefited  by  the 
process.  And  thirdly,  the  stratum  of  air  mnst  also  be  renewed,  as  fre- 
quently as  its  constituents  have  undergone  any  essential  change.  In  each 
of  these  subdivisions,  a  great  many  diverse  actions  are  involved ;  yet  all  of 
them  lire  included  tmder  the  same  general  term,  since  they  concur  to  the 
same  fimdanicntal  purpose. — Now  if  we  analyze  that  series  of  phenomena, 
which  constitute  the  '*  Function  of  Respiration"  in  one  of  those  higher 
Animals  (Man,  for  example)  in  which  it  presents  it^  greatest  complexity, 
we  shall  find  that  whilst  some  of  them  are  indiipensable  to  the  continuance 
.  of  life,  and  can  only  be  performed  under  the  conditions  supplied  by  the 
organized  system,  others  are  merely  snperadded  for  the  purpose  of  facili- 
tating these  ;  and  the  latter,  if  from  any  cause  not  performed  by  the  mecha- 
nism contrived  for  their  production,  may  be  artificially  imitated,  with  a 
degree  of  success  exactly  proportional  to  the  completeness  of  the  imitation. 
The  essential  part  of  that  function  being  the  aeration  of  the  blood,  all  the 
Other  changes  which  are  associated  together  as  partaking  in  it  must  be 
I  regarded  as  non-essential,  sharing^  in  it  only  by  contributing  to  this^ — the 
I  real  constituent  of  it.  Thus  the  alterations  in  the  capacity  of  the  chest, 
J  which  are  efTected  by  the  actions  of  the  diaphragm,  and  have  for  their  ob- 
Iject  the  renewal  of  the  quantity  of  air  in  contact  with  the  aerating  surface, 
[arc  really  a  part  of  the  functions  of  the  Muscular  and  Nervous  systems; 
and  are  only  associated  under  that  of  Ilespiration,  on  account  of  their 
I  obvious  tendency  towards  its  es^sential  pnrpose.  They  have  no  share  in  the 
production  of  the  aeration  of  the  blood,  except  by  supplying  its  conditions  j 
and  if  these  conditions  can  be  supplied  independently  of  them,  the  essen- 
tial part  of  the  function  will  be  performed  as  when  they  were  concerned 
[init.^ 

90.  By  an  analysis  of  this  kind  applied  to  the  other  Functions,  similar 
[  eoQclosioBS  might  be  arrived  at  respecting  their  essential  character ;  for  it 
will  appear  in  every  one  of  them,  that  some  of  the  changes  which  are  thus 

>  Thus  in  A$ph^jm^  the  deficient  supply  of  arteriaUacd  bbqd  to  the  brain  soon  para- 
Ij-xos  its  tunctions;  aod  tlie  nervotia  iidmulas  required  for  tho  reapxrs^tory  B^oTements 
Wliig  wldihelil,  those  moTenients  eease.  But,  if  the  chest  be  artificiiilly  mflatcd,  and 
tfii|»Uoii  ligain  by  pressure,  ancl  these  altertiate  moTemeots  be  lufticlcntiy  prolonged  to 
I'e^'^cite  tb0  clrculatioD  of  the  blood  throngh  the  lungs,  by  aerating  that  wbich  hnd 
been  stagnated  tjii«n»»  the  inrhole  train  of  vital  actions  may  be  agnin  act  ia  motion.  Or, 
if  the  ceiisatioti  of  the  respiratoij  moTemcnts  result  from  n-  cau.«ie  pnmim3j  ftffecling 
the  nervous  system — as  when  nancotisni  is  iniluced  by  poisoning  with  opium — and  the 
blood  be,  in  ooaiequeno^,  stagnated  in  the  Inugs  hj  the  want  of  ueratton,  this  ehange, 
so  esseutial  to  the  condnuance  of  Titality,  may  be  prolonged  by  artifieinl  respiratloaf 
until  the  naroQtJsm  flub&tdcs. 
10 
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grouped  together  are  essential,  whilst  others  are  superadded.     Bat  these 
conclusions  do  not  possess  the  same  certainty  as  if  they  were  founded  upon 
a  broader  basis ;  nor  are  they  so  easily  attained.     For,  to  revert  to  the 
instance  just  quoted,  observation  alone  of  the  vital  phenomena  of  the  lower 
animals,  will  reveal  what  could  only  be  determined  in  the  higher  bj  expe- 
riment    Until  an  experiment  (the  insufflation  of  the  chest)  had  been  found 
successful  in  continuing  the  aeration  of  the  blood,  it  could  not  be  certainly 
known  that  the  respiratory  movements  had  not  some  farther  share  in  the 
function,  than  that  of  mechanically  renewing  the  air  in  apposition  with  the 
circulating  fluid.     But  when  the  conditions  of  the  function  are  examined  in 
the  lower  animals,  it  is  found  that  these  are  varied  (the  essential  part  being 
everywhere  the  same)  to  suit  the  respective  circumstances  of  their  exist- 
ence.    Thus,  many  Reptiles,  having  no  diaphragm,  are  obliged  to  fill  the 
lungs  with  air  by  a  process  which  resembles  swallowing.     In  Fishes  and 
other  aquatic  animals,  to  have  introduced  the  necessary  amount  of  the 
dense  element  they  inhabit  into  the  interior  of  the  system,  would  have  occa- 
sioned an  immense  expenditure  of  muscular  power ;  and  the  required  pur* 
pose  is  answered,  by  sending  the  blood  to  meet  the  water  which  is  in  appo- 
sition with  the  external  surface.     And  in  those  simple  creatures,  in  which 
the  fluids  appear  equally  diffused  through  the  whole  system,  their  reqaix«d 
aeration  is  effected  by  the  mere  contact  of  the  water  with  the  general  sur- 
face ;  the  stratum  in  immediate  apposition  with  it  being  renewed,  either  by 
their  own  change  of  place,  or,  if  they  are  fixed  to  a  particular  spot,  through 
the  means  they  possess  of  creating  currents,  by  which  their  supply  of  food 
also  is  brought  to  them.     And,  going  still  further,  we  find  the  essential 
part  of  the  function  of  Respiration  performed  in  Plants  without  any  move- 
ment whatever ;  the  wide  extension  of  the  surface  in  contact  with  the  atmo- 
sphere, affording  all  the  requisite  facility  for  the  aeration  of  the  circulating 
fluid. — It  is  by  such  a  mode  of  analysis,  then,  that  we  are  most  certainly 
enabled  to  distinguish  the  essential  conditions  of  vital  phenomena,  from 
those  which  are  superadded  or  accidental ;  and  it  is  this  which  will  fonn 
the  subject  of  the  greater  part  of  the  present  Treatise. 

91.  When  we  examine  and  compare  the  several  Functions,  or  assem- 
blages of  Vital  Actions  grouped  together  according  to  the  principle  just 
set  forth,  we  find  that  they  arc  themselves  capable  of  some  degree  of  class- 
ification. Indeed,  the  distinction  between  the  groups  into  which  they  may 
be  arranged,  is  one  of  fundamental  importance  in  Physiology.  If  we  con- 
template the  history  of  the  life  of  a  Plant,  we  perceive  that  it  grows  from  a 
minute  germ  to  a  fabric  of  sometimes  gigantic  size,  generates  a  large  quan- 
tity of  organic  compounds  which  it  appropriates  as  the  materials  of  its  own 
structure,  and  multiplies  its  species  by  the  production  of  germs  similar  to 
that  from  which  it  originated ;  but  that  it  performs  all  these  complex  ope- 
rations, without  (so  far  as  we  can  perceive)  either  feeling  or  thinking,  with- 
out consciousness  or  the  exertion  of  will.  All  its  vital  operations,  there- 
fore, are  grouped  together  under  the  general  designation  of  Functions  of 
Organic  or  Vegetative  life ;  and  they  are  subdivided  into  those  concerned 
in  the  maintenance  and  extension  of  the  structure  of  the  individual^  which 
are  termed  functions  of  Nutrition;  and  those  to  which  the  perpetuation  of 
the  species,  by  the  Generation  of  a  succession  of  individuals,  is  due.— The 
great  feature  of  the  Nutritive  operations  in  the  Plant,  is  their  constructive 
character.  They  seem  as  if  destined  merely  for  the  building  up  and  exten- 
sion of  the  fabric ;  and  to  this  extension  there  appears  to  be  in  some  cases 
no  detenninate  limit.  It  is  important  to  remark,  however,  that  the  growth 
of  the  more  permanent  parts  of  the  fabric  is  only  provided  for  by  the  sue- 
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cesstve  development,  decay,  and  renewal  of  parte  whoae  existence  is  iem- 
porary  ;  the  growth  of  the  dense^  durable,  but  almost  inert  woody  structure^ 
being  depemlent  upon  the  continual  production  of  new  leaves,  composed  of 
a  soft,  transitory,  but  active  cellular  parenchyma.— ^Sooner  or  later,  how- 
ever, the  life  of  the  individual  must  come  to  an  end ;  and  the  raee  itself 
must  become  extinct,  were  it  not  for  the  special  provision  which  is  made 
for  its  continuance,  ia  the  Generative  foTiction.  This  consists  in  the  evolu- 
tion of  germs,  which,  becoming  detached  from  the  parent,  are  able  to  sup- 
port an  independent  existence,  usuaJly  at  the  expense,  however,  in  the  first 
instance,  of  nutriment  in  some  way  provided  by  the  being  that  gave  them 
origin  ;  they  gradually  become  developed  into  its  likeness,  perform  all  the 
rital  operations  charactenstic  of  it,  and  in  their  turn  originate  a  new  gene- 
ration by  a  drailar  process, 

92.  Now,  it  may  be  obsen'ed,  before  proceeding  further,  that  there  is  a 
certain  degree  of  antagoniem  between  the  Nutritive  and  the  Generative  func- 
I  tions,  the  one  set  being  eseeuted  at  the  expense  of  the  other.    The  generative 
apparatus  derives  the  materials  of  its  operations  through  the  nutritive  sys- 
tem, and  is  entirely  dependent  upon  it  for  the  continuance  of  its  activity. 
If,  therefore,  the  generative  activity  be  excessive,  it  will  necessarily  draw 
off  from  the  fabric  at  large  some  portion  of  the  aliment  destined  for  its 
'  jnahitenance.     It  may  be  universally  observed  that,  where  the  nutritive 
,  functions  are  particularly  active  in  supporting  the  indimdual,  tlie  repro- 
ductive system  ia  in  a  corresponding  degree  undeveloped — and  rite  vftail, 
Thus^  in  the  Algse,  the  dimensions  attained  by  siuprle  plants  exceed  those 
exliibited  by  any  other  organized  being;  and  in  this  class  the  fructifying 
system  is  often  obscure,  and  sometimes  even  undiscoverable.    In  the  B'ungl, 
on  the  other  band,  almost  the  whole  plant  seems  made  up  of  reproduetiro 
organs ;  and  as  soon  as  these  have  brought  their  germs  to  maturity,  it  ceases 
to  exist.     In  tbe  Flowering- Plant,  moreover,  it  Is  well  known  that  an  ovcr- 
Bupply  of  nutriment  will  cause  an  evolution  of  leaves  at  the  expense  of  the 
flowers,  so  that  what  actually  would  have  been  tiower*buds,  are  con  verted 
\  into  leaf-buds ;  or  the  part^  of  the  flower  essentially  concerned  in  reproduc- 
*  tion,  namely,  the  stamens  and  pistil,  are  converted  into  foliaceous  expan- 
j  ilons,  as  in  the  production  of  '* double"  flowers  from  '*  single-^  ones  by  cul- 
(tivation;  or  the  fertile  florets  of  the  **di9k"  in  composite  species,  such  m 
the  Dahlia,  are  converted  into  the  barren  but  expanded  florets  of  the  '*ray.'' 
And  the  gardener  who  wishes  to  render  a  tree  more  productive  of  fruit,  is 
obliged  to  restrain  its  luxuriance  by  pmuing,  or  to  limit  its  supply  of  food 
by  trenching  round  the  roots, *^-The  same  antagonism  may  be  witnessed  in 
the  Animal  Kingdom ;  but  as  a  third  etement  (the  sensori-motor  apparatus) 
here  comes  into  operation,  it  is  not  always  so  apparent.     It  ajipcars  to  be 
a  universal  principle,  however,  that  during  the  period  of  rapid  growth,  when 
all  the  energies  of  the  system  are  concentrated  upon  the  perfection  of  its 
individual  stnicture,  the  rcproductiTe  system  remains  dormant,  and  is  not 
aroused  until  the  diminished  activity  of  the  nutritive  functions  allows  it  to 
be  exercised  without  injury  to  them.     Thus,  in  the  Larva  condition  of  the 
Insect,  the  assimilation  of  food  and  the  increase  of  its  bulk  seem  the  sole 
objects  of  its  existence ;  its  locomotive  powers  are  only  adapted  to  obtain 
nourishment  that  is  within  easy  reach,  to  which  it  is  directed  by  the  posi- 
tion of  its  egg,  and  by  an  unerring  instinct  that  seems  to  have  no  other 
end.     The  same  is  the  case,  more  or  less,  with  all  young  animals ;  although 
there  are  few  in  which  voracity  is  so  predominant  a  characteristic.     In  the 
,  Imago,  or  perfect  Insect,  on  the  other  hand,  the  fulfilment  of  the  purposes 
>  of  Its  generative  system  appears  to  be  the  chief  and  often  the  only  end  of 
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it^  Ijein^r.  The  increased  locomotive  powers  which  are  conferred  upon  it, 
arc  <;videiit]r  dcfiipied  to  enable  it  to  seek  its  mate ;  its  instinct  appears  to 
direct  it  in  this  object,  as  before  to  the  acquisition  of  food;  it  now  shons 
tiir;  ulinif.'nt  it  jireviously  devoured  with  avidity,  and  freqaenUj  dies  as  soon 
a-  the  foundation  is  laid  for  a  new  ^aeration,  withoat  having  taken  anv 
nutriment  from  the  period  of  its  first  metamorphosis.  In  the  adult  condi- 
tion of  the  hiffher  Animals,  afi^ain,  it  is  always  found  that,  as  in  Plants,  an 
excesr-ive  activity  of  the  nutritive  functions  indisposes  the  system  to  the 
perftjniiancc  of  the  reproductive ;  a  moderately-fed  population  multiplying 
(c».'teris  paribus)  more  rapidly  than  one  habituated  to  a  plethoric  condi- 
tion. 

U:i.  On  analyzin^r  the  operations  which  take  place  in  the  Animal  body, 
wf  find  timt  a  large  number  of  them  are  of  essentially  the  same  character 
with  the  foregoing,  and  differ  only  in  the  conditions  under  which  they  are 
perfomied ;  so  that  we  may,  in  fact,  readily  separate  the  Organic  functions, 
whicii  are  directly  concerned  in  the  development  and  maintenance  of  the 
fabric,  from  the  Animal  function.s,  which  render  the  individual  conscious  of 
external  impressions,  and  ea]>able  of  executing  spontaneous  movements. 
The  relative  development  of  the  organs  destined  to  these  two  purposes, 
differs  considerably  in  the  several  grou])s  of  Animals,  as  we  have  already 
hi  ]>art  seen  (Cha]).  I.).  The  life  of  a  Zoophyte  is  upon  the  whole  mnch 
more  "vegetative"  than  "animal;"  and  we  perceive  in  it,  not  merely  the 
very  feeble  development  of  those  powers  which  are  peculiar  to  the  Animal 
kin<r<lom,  bnt  also  that  tendency  to  indefinite  extension  which  is  character- 
istic of  the  riant.  In  the  perfect  Insect,  we  have  the  opposite  extreme; 
the  most  active  ])owers  of  motion,  and  sensations  of  which  some  (at  least) 
are  very  acute,  being  combined  with  a  low  development  of  the  organs  of 
nutrition.  In  Man  and  his  allies,  we  have  less  active  powers  of  locomotion, 
but  a  much  greater  variety  of  Animal  faculties ;  whilst  the  instruments  of 
the  organic  or  nutritive  operations  attain  their  highest  development,  and 
their  greatest  degree  of  mutual  dependence.  We  see  in  the  fabric  of  all 
beings  in  which  the  Animal  powers  are  much  developed,  an  almost  entire 
want  of  that  tendency  to  indefinite  extension  which  is  so  characteristic  of 
tlie  Plant;  and  when  the  large  amount  of  food  consumed  by  them  is  con- 
sidered, the  question  naturally  arises  to  what  purpose  this  food  is  applied, 
aiifl  what  is  the  necessity  for  the  continued  activity  of  the  Organic  func- 
tions, when  once  the  fabric  has  attained  the  limit  of  its  development. — ^The 
answer  to  this  question  lies  in  the  fact,  that  the  exercise  of  the  Animal  func- 
tions is  essentially  destructive  of  their  instruments;  every  operation  of  the 
\ervous  and  Muscular  systems  requiring,  as  its  necessary  condition,  a  dis- 
integration of  a  certain  part  of  their  tissues,  probably  by  their  elementB 
being  caused  to  unite  with  oxygen.  The  duration  of  the  existence  of  those 
tissues  varies  inversely  to  the  use  that  is  made  of  them ;  being  less,  as  their 
functional  activity  is  greater.  Hence,  when  an  Animal  is  very  inactive,  it 
recpiires  but  little  nutrition ;  if  it  be  in  moderate  activity,  there  is  a  mode- 
rate demand  for  food ;  but  if  its  Nervous  and  Muscular  energy  be  frequently 
and  powerfully  aroused,  the  supply  must  be  increased,  in  order  to  maintain 
the  vigor  of  its  system.  In  like  manner,  the  amount  of  certain  products 
of  excretion,  which  result  from  the  disintegration  of  the  Nervous  and  Mus- 
cular tissues,  increases  with  their  activity,  and  diminishes  in  proportion  to 
their  freedom  from  exertion.  (See  Chap.  IX.) 

lU.  In  the  Animal  fabric,  then,  among  the  higher  classes  at  least,  the 
function  or  pur|)0Re  of  the  organs  of  Vegetative  life  is  not  so  mnch  the  ex- 
tension of  the  fabric — for  this  has  certain  definite  limits — as  the  maintenance 
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of  its  inteirrity,  bj  the  reparation  of  the  destructive  effects  of  the  exercise 
of  the  purely  Animal  powers,  Tliug,  by  the  operation  of  I>igestiou,  As- 
similation, and  Circulfttion,  the  nntritioni  ijiaterialfi  are  prepared  and  con- 
veyed to  the  points  where  they  are  required ;  tlie  Circulation  of  blood  also 
serves  to  ilifitribnte  oxygen,  which  ia  introduced  by  the  R es pi rato  17  pro- 
cess; and  it  has  further  for  its  office,  to  convey  away  the  products  of  that 
decomposition  of  the  Mnscular  and  Nervous  tissues,  which  result  from  their 
fnnctioaal  activity — these  products  being  destined  to  be  separated  by  the 
Kespiratory  and  other  Excreting  operations.  In  the  performance  of  the 
Organic  functions  of  Animals,  as  in  those  of  Plants,  there  is  a  continual 
new  production,  decay,  exuviation,  and  renewal,  of  the  cells  by  whose  in- 
strumentality they  are  effected ;  which  altogether  effect  a  change  not  less 
comi>lete  than  that  of  the  leaves  in  Plants,  But  it  takes  place  within  the 
penetralia  of  the  system,  in  such  a  manner  as  to  elude  observatJoTi,  except 
that  of  the  most  scrutinizing  kind ;  and  it  has  been  in  bringing  this  into 
view,  that  the  Microscope  has  rendered  one  of  its  most  essential  services 
in  Physiology, 

95/  The  regular  niaintenauce  of  the  functions  of  Animal  life  is  thus  en- 
tirely dependent  npon  the  due  performance  of  the  Nutritive  operntious. 
But  there  also  exists  a  connection  between  the  Organic  and  Animal  func- 
tions, of  an  entirely  reverse  kind ;  for  the  conditions  of  Animal  existence 
render  the  former  iii  a  great  degree  dependent  on  the  latter.  In  the  acqui- 
sition of  food,  for  example,  the  Animtd  has  to  make  use  of  its  senses*  its 
psychical  facilities,  and  its  power  of  locomotion,  to  procnre  that  whreh  the 
Plant,  from  the  different  prorision  made  for  its  support,  can  obtain  without 
any  such  assistance.  Moreover,  the  propulsion  of  the  food  along  the  ali- 
mentary canal  of  the  former,  requires  a  series  of  operations,  in  which  the 
Nervous  and  Muscular  systems  are  together  involved  at  the  two  extremes 
(simple  muscular  contractility  being  alone  employed  through  the  greater 
part  of  the  intestinal  canal);  and  thus  we  see  that  the  change  in  the  con- 
ditions required  for  the  ingestion  of  food  by  Animals,  has  rendered  neces- 
sary^ the  introduction  of  additional  elements  into  the  apparatus,  to  which 
nothing  comparable  was  to  be  found  in  Plants-  The  same  may  be  observed, 
as  already  pointed  out,  in  the  operations  of  the  Respiratory  apparatus, 
And  it  may  be  stu.ted  as  a  general  mle^  that  the  more  exalted  is  the  anu 
mnltlf/  of  any  particular  being  (or,  in  other  words,  the  more  complete  the 
manifestation  of  characters  peculiarly  animal),  the  more  closely  are  the 
organic  functions  brought  into  relation  with  it,* 

96,  From  what  has  been  said,  then,  it  appears  that  all  the  functions  of 
the  body,  araon^  the  higlmr  Animals,  are  so  completely  bound  np  together, 
that  none  can  be  suspended  without  the  cessation  of  the  rest.  The  proper- 
ties of  all  the  tissues  and  orgaus  are  dependent  upon  their  regular  Nutrition 
by  a  due  supply  of  porfectly-ckborated  blood  ;  and  this  cannot  be  eflfectcd, 
unless  the  functions  of  Circulatiou,  Respiration,  and  Secretion,  be  performed 
with  regularity — ^the  first  being  necessary  to  convey  the  siipply  of  nutritious 

'  A  simple  illuatnition  will  render  tins  cvitl^nt,— Id  certain  of  the  lower  tribes  of 
mumuls,  irhoae  loconiotWe  powers  aj^  feeble  Ami  ^ener^l  habits  in neti^e,  the  circuIutioiL 
oC  iintritiYe  fluid  is  earned  on  nearly  in  the  same  manner  aa  in  plants;  there  ia  no  cen* 
trtil  orgsin  for  propelling  it  through  the  yessels,  and  insuring  ita  regukir  and  equable 
(li-'itribntiou ;  and  ita  motion  appefti^  dependent  upon  the  forces  created  in  the  indh  id- 
iinl  parts  them^ieWeff.  In  the  higher  okMes,  on  the  other  hand,  the  conipftmtivc  activity 
of  all  the  ftmotiotjii,  and  the  peculiar  dependence  of  tboao  of  animal  life  upon  a  constant 
iupply  of  the  vitftl  fluid,  require  a  mueh  more  eliiberftte  apparatus,  and  0!?pcciiatly  a 
central  pcjwer,  by  which  the  moTctnents  of  that  fluid  through  the  individual  partis  way 
1)e  hormoEuxedi  direeted,  &nd  contrelted. 
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fluid,  and  the  two  latter  to  eliminate  from  it  the  impurities  with  which  it  is 
continually  becoming  charged.  The  Respiration  cannot  be  maintained, 
without  the  integrity  of  a  certain  part  of  the  nervous  system  :  and  the  due 
action  of  this,  again,  is  dependent  upon  its  regular  nutrition.  The  mate- 
rials necessary  for  the  replacement  of  such  as  are  continually  being  separated 
from  the  blood,  can  only  be  supplied  by  the  Absorption  of  ingested  ali- 
ment ;  and  this  cannot  be  accomplished,  without  the  preliminary  process  of 
Digestion.  The  Ingestion  of  food  into  the  stomach,  again,  is  dependent, 
like  the  actions  of  respiration,  upon  the  operations  of  a  certain  part  of  the 
muscular  apparatus  and  of  the  nervous  centres ;  and  the  previous  acquire- 
ment of  food  necessarily  involves  the  purely  Animal  powers.  On  the  other 
hand,  the  functions  of  Animal  life  are  even  more  closely  dependent  upon 
their  proper  pabulum,  than  are  those  of  Nutrition  in  general :  for  many 
tissues  will  retain  their  several  properties,  and  even  their  power  of  growth 
and  extension,  for  a  much  longer  period  after  a  general  interruption  of  the 
circulation,  than  will  the  Nervous  structure;  the  action  of  which  is  instanta- 
neously affected  by  a  cessation  of  the  due  supply  of  blood,  or  by  a  depra- 
vation of  its  quality. 

97.  Yet,  however  intimate  may  be  the  bond  of  union  between  the  Organic 
and  Animal  functions,  the  former  are  never  immediately  dependent  upon  the 
latter ;  although,  as  already  shown,  they  generally  depend  upon  them  for 
the  conditions  of  their  maintenance.  There  is  no  good  reason  to  believe 
that  ''nervous  agency"  is  essential  to  the  processes  of  Nutrition  and  Secre- 
tion in  Animals,  any  more  than  to  the  corresponding  processes  in  Plants. 
This  is  a  question  which  may  be  more  certainly  determined  by  observation, 
than  by  any  possible  experiment.  That  these  processes  are  very  readily  in- 
fluenced by  changes  in  the  condition  of  the  nervous  system,  is  universally 
admitted ;  and  it  is  the  intimacy  of  this  connection,  which  has  given  rise  to 
the  idea  of  a  relation  of  dependence,  and  which  prevents  that  idea  from  be- 
ing experimentally  disproved.  In  order  to  cut  of  all  nervous  communica- 
tion from  any  portion  of  the  organism — a  gland  for  example — so  violent  an 
operation  is  required  (involving  no  less  than  the  complete  division  of  the 
bloodvessels,  on  which  a  plexus  of  ganglionic  nerves  is  minutely  distributed), 
that  it  is  impossible  to  say  that  the  disturbance  of  the  function  may  not  be 
owing  to  the  shock  produced  on  the  general  system.  Observation  shows 
us,  however,  that  these  ])rocesses  are  performed  in  the  most  complex  and 
elaborate  manner  by  Yegetablcs,  in  which  all  the  attempts  that  have  been 
made  to  prove  the  existence  of  a  nervous  system  have  signally  failed  (these 
attempts  seeming  to  have  been  only  excited  by  an  indisposition  to  admit 
the  possibility  of  any  vital  actions  being  independent  of  ''nervous  infla- 

ence-'); ^that  the  lowest  Animals  appear  equally  destitute  of  a  nervous 

tpparatas  destined  to  influence  them  ;  that  in  the  higher  classes  there  are 
mnr  tissues  into  which  nerves  cannot  be  traced,  and  which  yet  exhibit  as 
nnck  vital  activity  as  those  which  are  in  most  intimate  relation  with 

^g^^. and  that  in  their  early  embryonic  condition,  the  formative  opera- 

tioi^  UY  performed  with  their  greatest  energy,  at  a  period  when  it  is  quite 

ccnuntbat  no  nerves  have  yet  been  developed. 

«v^  ^kdlL  there  can  be  little  doubt  that  a  most  intimate  connection  is 

.  ii  the  higher  animals,  between  organic  processes  essentially 

i  of  etch  other,  by  the  instrumentality  of  the  Nervous  system, 

rliTthat  part  of  it  known  as  the  "Sympathetic;"  and  tUs 

,  H«i  Tctelion  to  the  necessity  which  arises,  from  the  complication 
&  0f  the  Organic  functions,  for  their  being  harmonized  and 
r  vtdi  each  other,  and  with  the  conditions  of  the  Animal 
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flystem,  bj  some  mode  of  communication  more  certain  and  direct  than  that 
afforded  by  the  circulating  apjiaratuR,  whirb  is  their  only  bond  of  union  in 
PUiuts.  For  it  must  be  romembered  that  it  is  in  the  very  nature  of  hf^b 
development,  that  the  differentiation  of  function,  whereby  mutually-eon- 
nected  operations  are  assigned  to  separate  organs,  should  be  accompanied 
by  a  far  closer  interdependence  of  these  operationB,  than  exist  between  the 
actions  of  an  organism  whose  several  parts  are  little  eke  than  repetitions 
of  each  other.  And  there  is  no  real  difficnity  in  admitting,  that  nerre-force 
may  bare  a  relation  no  less  definite  to  acta  of  nutrition,  than  it  has  to  mental 
changes  or  to  acts  of  muscular  contraction  ;  for,  just  as  an  electric  current, 
set  in  motion  by  certain  chemical  reactions,  is  capable  of  influencing  the 
cbcmieal  reaction  of  substances  submitted  to  its  agency,  bo  may  it  be  fairly 
anticipated  that  nervous  power,  itself  the  result  of  a  certain  class  of  nutritive 
operations  (of  which  it  may  be  considered  the  highest  prodiiet)^  should  be 
able  to  modify  the  course  of  those  operations  elsewhere*     (See  General 

PSTFlOLOGir.) 

^9.  The  Absorption  of  alimentary  materials,  which  is  the  first  in  the 
in  of  strictly  Vital  operations,  is  common  to  Plants  and  to  Animals, 
although  performed  under  somewhat  different  conditions  in  the  two  King- 
doms. The  Piant  derives  its  support  immediately  from  the  surrounding 
element:?;  j  it  is  fixed  in  the  spot  where  its  germ  was  cast ;  and  it  neither 
possesses  a  wOl  to  move  in  search  of  food,  nor  any  locomotive  organs  for 
BO  doing.  By  the  peculiar  endowments  of  its  roots ^  however,  it  becomes 
possessed  of  a  certain  power  of  obtaining  aliment  not  immediately  within 
its  reaeh  (§  175).  The  ^4 m"w«^  usually  has  a  recipient  cavity,  in  which  its 
food,  consisting  of  organic  compounds  previously  formed^  undergoes  a  cer- 
tain preliminary  preparation  or  ZHffestion.  The  introduction  of  food  into 
is  cavity,  or  its  mf/estwn^  seems  more  and  more  dependent  upon  the 
imal  functions,  in  proportion  as  we  ascend  the  scale.  The  ciliary  move- 
imviits  of  the  lower  classes  of  animals,  which  produce  rapid  currents  in  the 
wuttT  that  surronnrls  them,  and  thus  Imog  a  supply  of  food  to  the  entrance 
of  the  digestive  cavity,  can  scarcely  be  regarded  as  having  any  other  than 
the  aotoraatic  character  wliicli  we  know  theui  to  possess  in  the  higher.  In 
animals  of  more  complex  stnicturo,  the  process  of  obtaining  food  requires 
a  much  greater  variety  of  movements,  which  are  executed  by  the  instru- 
mentality of  the  Muscular  and  Nervous  systems ;  but  these  may  still  he  re- 
garded as  not  involving  chan|^es  of  a  psychical  character.  Eismg  still 
higher,  however,  we  find  the  Psychical  eudowmenta  of  the  animal  evidently 
concerned  in  procuring  the  means  of  its  support ;  and  in  Man,  in  whom 
these  exist  in  their  highest  perfection,  the  reliance  upon  them  is  necessarily 
the  greatest,  his  bodily  organization  not  being  adapted  for  the  supply  of 
his  physical  wants,  except  under  the  direction  of  his  Intelligence. — The 
prod  nets  of  the  Digestive  operation  may  pass  by  simple  transudation  from 
the  digestive  sac  iuto  the  cavity  that  osually  surrounds  it;  or  they  may  be 
ttiken  up  by  vessels  rlistributed  on  iti^  walls.  In  the  higher  Auimals,  we 
find  that  this  absorption  is  not  eflccted  by  the  bloodvessels  alone,  but  that 
it  k  partly  performed  by  a  special  set  of  Lacteal  Absorbents  spread  over  the 
woib  of  the  digestive  cavity  ;  these  discharge  the  matters  they  have  taken 
up.  into  the  current  of  the  circulation  ;  and  it  is  probable  that  in  thi;^  *'  ab- 
s^>rbcnt  svBteni'^  that  function  of  Assimilation  commences^  by  which  the 
crude  material  is  prepared  for  taking  part  in  the  formative  processes.  There 
is  another  division  of  this  **  absorbent  system/'  wliich  extends  itself  through 
the  body,  and  which  seems  destined  to  collect  the  superfluous  nutritive  ma- 
terial that  may  have  escaped  from  the  bloodvessels,  together  (perhaps)  with 
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such  as  may  have  served  its  purpose  in  the  system,  and  haye  died  without 
decomposing,  so  as  to  be  again  available  as  an  alimentary  substance  ;  and 
this  Lymphatic  system  of  vessels,  also,  would  seem  to  partite  in  the  Assimi- 
lative operation,  of  which  we  have  presently  to  speak. 

100.  The  alimentary  materials  taken  up  by  the  absorbent  process,  are 
carried  by  the  Circulation  into  all  parts  of  the  fabric.  This  movement,  so 
important  in  the  highest  classes  of  Plants  and  Animals,  becomes  less  neces- 
sary in  the  lower,  where  the  absorbent  surface  is  in  more  immediate  relation 
with  the  parts  to  be  supplied  with  nourishment.  Besides  affording  a  con- 
tinued supply  of  nutrient  material  for  the  maintenance  of  the  formative 
operations,  the  circulating  system  of  Animals  is  usually  the  means  of  con- 
veying to  their  nervo-muscular  apparatus  the  oxygen  whose  presence  is  a 
necessary  condition  of  its  vital  activity.  It  also  serves  to  take  up  the  effete 
matters  which  are  set  free  by  the  ''waste"  of  the  system,  and  to  convey 
these  to  the  organs  provided  for  their  elimination.  The  Circulation  in 
Animals,  as  in  Plants,  is  entirely  independent  of  the  will,  cannot  be  in  the 
least  degree  controlled  by  it,  and,  in  its  usual  condition,  is  even  unaccom- 
panied with  consciousness.  The  Muscular  apparatus  is  concerned  in  it,  only 
to  give  to  it  the  energy  and  regularity  which  the  conditions  of  animal  ex- 
istence require  (§  95,  note) ;  and  Nervous  agency  merely  brings  it  into  sym- 
pathy with  other  operations  of  the  corporeal  and  mental  systems. 

101.  The  alimentary  materials  first  taken  up  by  the  absorbent  process, 
must  undergo  various  changes  by  AssimiUxtion,  before  they  can  be  intro- 
duced into  the  composition  of  the  organized  fabric.  There  is  much  diffi- 
culty, however,  in  tracing  these  with  precision,  either  in  the  Animal  or  in 
the  Vegetable  economy.  The  first  step  which  is  perceptible  in  the  latter, 
is  the  formation  of  organic  compounds  by  a  new  combination  of  the  ele- 
ments supplied  by  the  food,  which  appears  to  commence  as  soon  as  these 
elements  are  absorbed.  In  the  former,  these  organic  compounds  are  directly 
supplied  by  the  food ;  and  this  preliminary  operation  is  consequently  not 
required.  From  whichever  source  they  are  derived,  however,  these  organic 
compounds  appear  to  be  subjected,  whilst  yet  circulating  in  the  liquid  form, 
to  a  vital  influence,  exerted  either  by  the  living  tissues  through  which  they 
flow,  or  by  cells  that  are  floating  in  the  stream,  or  perhaps  by  both ;  for 
we  find  them,  without  any  detectable  change  in  ultimate  composition, 
exhibiting  peculiar  properties,  which  mark  the  transition  from  the  crude 
form  in  which  they  are  received  into  the  body,  towards  the  condition  of 
living  tissue.  The  ''  protoplasma"  of  the  Plant,  and  the  ''  liquor  sanguinis'' 
of  the  Animal,  are  very  different  from  mere  admixtures  of  gum,  albumen, 
water,  and  other  organic  compounds,  but  show  a  capacity  for  becoming 
organized,  which  these  do  not  possess  ;  hence  their  peculiar  ingredients  an 
designated  as  organizahle  or  plastic  sul3stances.  From  these  materials,  the 
individual  tissues  of  the  fabric  are  developed  and  renewed  by  the  process  rf 
Nutrition;  the  elements  of  each  tissue  deriving  from  the  plastic  fluid  that 
portion  which  their  composition  may  require.  This  process  is  influenced  in 
the  Animal,  through  the  Nervous  system,  by  conditions  of  the  mind  or  of 
the  general  fabric ;  but  it  does  not  seem  to  be  maintained  by  any  such 
influence  (§  98).  It  is  of  course  dependent,  however,  upon  the  continued 
supply  of  blood,  and  cannot  long  continue  if  the  Circulation  be  brought  to 
a  stand ;  still,  there  is  evidence  that  it  may  go  on  for  a  time,  at  the  expense 
of  the  blood  contained  in  the  vessels  of  a  part,  after  the  current  has  ceased 
to  flow. 

102.  In  order  to  preserve  the  circulating  fluid  in  the  state  required  for 
the  due  performance  of  its  important  functions,  means  are  provided  for 
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separating  and  canyiDg  out  of  the  system  whatever  may  be  superfluous  or 
injurious  in  its  constituent  parts  ;  as  well  as  for  elaboratiniar  from  it  certain 
fluicfe  havin/^  their  destined  use  in  tho  economy.  These  changes  may  be 
com  pre  hen  (led  in  the  general  term  Secretion,  the  former  constituting  the 
special  function  of  Excretion.  This  is  one  no  less  important  to  the  welfare 
of  the  system,  thaa  is  the  absorption  of  new  ahmcut ;  and  in  proportion  to 
the  complexity  of  the  stnicture,  and  to  the  diversity  of  its  actions,  do  we 
find  a  multipiication  of  the  excreting  organs,  as  well  as  a  variety  in  their 
products.  The  elimination  of  saperfiuous  water  by  Exhalation,  and  of  car- 
bonic acid  by  Jiespirationj  are  consstant,  however,  in  all  living  beings ;  and 
in  Animals  wo  find  an  excretion  of  a  highly  azotized  compound  to  be  nearly 
as  nniversal  These  changes  geem  to  have  no  more  immediate  dependence 
npon  the  Nervous  ayetem,  than  have  those  of  nutrition ;  and  they  will  take 
place,  to  a  certain  extent,  after  the  final  extinction  of  the  animal  powers* 
WhcrevL-r  a  proper  Circnktion  exists,  howeverj  they  are  most  intimately 
dependent  upon  its  maintejmnce,  and  soon  come  to  an  end  if  it  ceases  ;  but 
It  is  probable  that,  in  ]>articuhxr  cases,  they  are  kept  np  by  the  capillary 
circulation,  when  the  general  propnlsive  force  is  no  longer  acting. 

103.  The  function  of  Nutrition  is  exercised,  not  merely  in  renovating  nnd 
extending  the  single  fabric  which  first  originates  in  the  germ,  but  also, 
thronghont  the  Vegetable  kingdom,  as  well  as  in  a  large  proportion  of  the 
Animal,  in  developing  parts  which  can  maintain  an  independent  existence, 
and  which  are  commonly  accounted  distinct  '^indiFidnals,"  Thus,  in  the 
Protophyta  and  the  Protozoa,  each  new  cell  formed  by  the  subdivision  of 
those  previously  existing,  may  be  regarded  either  as  a  part  of  the  parent 
stnictnre,  or  as  a  distinct  individual,  being  capable  of  living,  growing,  and 
multiplying  by  itself  Kven  in  higher  members  of  both  kingdoms,  a  like 
Midtipiicntion  of  (so-called)  individuala  is  effected  by  the  dcrclopmcnt  of 
^emm£s  :  a  proces.^  which  corresponda  in  every  essential  parttcularwith  that 
of  ordinarj*  K^ntntion,  and  which  is  no  more  dependent  than  it  is  upon  the 
activity  of  the  Animal  functions.  And  in  many  Animals,  in  which  this 
power  does  not  extend  to  the  multiplication  of  parts  capable  of  maintain- 
bjr  an  independent  existence,  it  suffices  to  reproduce  entire  organs  which 
have  been  removed,  or  (sometimes)  to  multiply  them  beyond  their  regular 
number. 

104.  The  true  Gfneratire  function,  by  which  the  foundation  of  an  entirely 
Bew  organism  is  laid,  is  essentially  antagonistic  (as  already  remarked)  to 
file  preceding;  for  instead  of  consisting  in  the  extension  of  the  original 
ftibric  by  the  subdivision  of  its  cells,  or  by  the  formation  of  new  tissue  in 
connection  with  the  old,  it  requires,  as  its  essential  condition,  the  reuninn 
of  the  contents  of  two  cells,  which,  though  not  differentiated  in  the  lowest 
Plants  and  Animals,  either  from  those  of  the  remainder  of  the  organism, 
or  from  each  other,  are  distingnishable  in  all  but  these  as  *'  sperm-cells" 
and  "gerra-celk**  The  concurrent  action  of  these  takes  place  in  Plantg 
without  any  interference  of  will,  or  excitement  of  conseionsnesi?,  on  the 
part  of  the  indi%idnal ;  the  two  organs  being  sometimes  united  in  the  same 
being  (as  in  hermaphrodite  flowers),  or,  if  separated  (as  in  mono:;ciou8  spe- 
cies), being  brought  into  the  required  relation  by  extenml  assistance,  as 
when  the  pollen  of  one  flower  is  conveyed  to  the  stigma  of  another  at  some 
distance,  by  the  agency  of  the  wind,  of  insects,  <fec.  There  are  some  Animals 
lb  which  the  two  sets  of  organs  are  united  in  the  same  individual ;  and  the 
•etions  necessary  to  bring  them  into  relation  seem  no  more  to  depend  upon 
conseionj  agency,  than  do  those  wliich  are  concerned  in  the  aeration  of  the 
blood.     But  in  the  higher  classes,  where  the  organs  exist  in  separate  indi- 
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viduals,  the  nervo-mascnlar  apparatas  excited  by  powerful  sensations  is 
evidently  the  instrument  by  which  they  are  brought  into  relation  with  one 
another ;  and '  in  Man,  where  the  sensations  are  connected  with  a  nobler 
and  purer  passion,  not  .only  the  will,  but  the  highest  powers  of  the  intellect, 
are  put  in  action  to  gratify  it. — ^But  even  here,  the  essential  part  of  the 
function,  which  consists  in  the  fertilization  of  the  **  germ-cell"  by  the  con- 
tents of  the  ''sperm-cell,"  is  as  completely  independent  of  mental  influence, 
as  it  is  in  the  plant  or  in  the  simplest  animal. 

105.  The  function  of  Musctdar  Contraction^  to  which  nearly  all  the  sen- 
sible motions  of  the  higher  Animals  are  due,  is  one  which  has  an  important 
connection  with  almost  every  one  of  their  vital  operations ;  although,  as 
already  explained,  this  connection  is  mostly  of  an  indirect  character.  The 
property  of  Contractility  on  the  application  of  a  stimulus  is  not,  however, 
confined  to  animals  ;  since  it  is  possessed  by  many  of  the  Vegetable  tissues, 
and  has  an  important  relation  with  their  nutritive  processes.  Nor,  even  in 
animals,  is  it  confined  to  the  muscular  tissue.  For  in  the  lowest  tribes  it 
seems  generally  diffused  through  the  fabric,  and  appears  to  be  for  the 
most  part  excited  by  external  stimuli.  But  in  the  higher  classes,  it  is  con- 
centrated in  a  special  texture,  and  is  called  into  operation  by  a  peculiar 
stimulus,  the  Nervous  power,  which  originates  in  the  individual  itself.  By 
this  means  it  is  brought  under  subordination  to  the  Mind,  and  is  made  the 
instrument  of  changing  the  relations  between  the  living  organism  and  the 
external  world. 

106.  The  functions  of  the  Nervous  St/stem  are  twofold.  First,  to  bring 
the  conscious  Mind  (using  that  term  in  its  most  extended  sense,  to  denote 
the  psychical  endowments  of  animals  in  general)  into  relation  with  the  ex- 
ternal world ;  by  informing  it,  through  the  medium  of  the  organs  of  sensa* 
tionj  of  the  changes  which  the  material  universe  undergoes ;  and  by  enabling 
it  to  react  upon  them  through  the  organs  of  motion.  And  secondly,  to 
connect  and  harmonize  different  actions  in  the  same  individual,  without 
necessarily  exciting  any  mental  operation.  But,  in  the  words  of  a  profound 
writer  on  this  subject,  "  mental  acts  and  bodily  changes  connected  with  them, 
are  not  merely  superadded  to  the  organic  life  of  animals,  but  are  intimately 
connected  or  interwoven  with  it ;  forming,  in  the  adult  state  of  all  but  the 
very  lowest  animals,  part  of  the  conditions  necessary  to  the  maintenance  of 
the  quantity,  and  of  the  vital  qualities,  of  the  nourishing  fluid  on  which  all 
the  organic  life  is  dependent."*  In  proportion  to  the  complexity  and  ex- 
tent of  the  Psychical  endowments  of  each  species  of  Animals,  may  their  in* 
fluence  over  the  conformation  of  the  Organic  structure  be  perceived ;  so  that 
it  becomes  more  and  more  removed  from  that  which  is  presented  by  Vege- 
tables, the  chief  end  of  whose  existence  appears  to  be  the  elaboration  of  an 
organized  fabric  from  the  elements  furnished  by  the  inorganic  world.  In 
Man,  the  being  that  possesses  the  largest  share  of  these  capabilities,  the 
apparatus  of  Organic  life  would  seem  destined  for  little  else  than  to  serve 
for  the  maintenance  of  the  Animal  functions ;  the  processes  of  Nutritkm 
being  almost  entirely  directed  towards  perfecting  his  Nervo-muscular  app»- 
ratus,  and  bringing  its  functions  into  most  advantageous  operation.  And 
it  is  in  him,  moreover,  that  we  observe  the  most  unequivocal  indications  rf 
the  direct  influence  of  the  Nervous  System  over  the  most  essential  parts  of 
the  vital  operations;  the  processes  of  nutrition  and  secretion  being  re- 
markably modified  by  states  of  Mind,  especially  such  as  are  of  an  emotional 
character. 

•  Prof.  Alison's  **  Outlines  of  Human  Physiology,"  p.  18. 
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lOT-  In  our  search  for  the  general  laws  of  the  Yital  Functions — or,  in 

ber  words,  for  the  geueml  plan  of  Yital  Activity — we  shall  deriTe  great 
atlTantage  from  keeping  coiistatitly  in  view,  that  Von  Beer's  law  of  pro- 
greuion  from  tlw  general  to  the  special  appears  to  hold  good  as  well  in  re- 
gard to  tht!  functional  character  of  organs,  as  with  respect  to  their  stmctnral 
and  deTelopmentnl  conformity ;  as  may  be  seen  iti  proceeding  from  the  lower 
to  the  higher  forms  of  organized  being,  and  in  following  the  successive 
stages  of  deYelopment  of  any  one  of  the  higher  organisms.  If  we  compare 
the  forms  which  the  same  instrumental  structure  presents  ia  different  parts  of 
the  scries,  we  shall  always  observe  that  it  exists  iu  its  most  general  or  diffused 
form  in  the  lowest  classes,  and  in  its  most  special  and  restiicted  iu  the  high- 
est ;  and  that  the  transition  from  one  form  to  the  other  is  a  gradual  one. 
The  function,  therefore^  which  is  at  first  most  general,  and  m  bo  combined 
with  others  performed  by  the  same  surface  oii  scarcely  to  be  distiEguishable 
from  them,  is  afterwards  found  to  be  limited  to  a  single  organ,  or  to  be 
speciuHted  by  separation  from  the  rest  j  these  aUo,  by  a  Bimilar  change, 
having  been  rendered  dependent  on  distinct  organs.  Hence  the  whole 
work  of  the  organism  (so  to  speak)  comes  to  be  accorapHshed  by  a  "division 
of  labor''  amongst  its  several  organs,  each  of  which  is  adapted  to  execute 
its  particular  share  with  a  measure  of  energy  and  completeness  proportion- 
ate to  the  speciality  of  its  development,* 

lOS,  Thus,  to  refer  again  to  the  provisions  existing  in  different  Plants 
for  the  Absorption  of  fluid  j  we  find  that  this  actioti  is  performed  by  the 
entire  surface  of  the  Protophyta,  which  may  be  thus  said  to  be  ali  root;  as 
we  ascend  through  the  series  of  Cryptogamia,  it  becomes  more  and  more 
limited  to  certaiu  parts?  of  that  surface  ;  until  in  Flowering  plants  it  ib  chiefly 
performed  by  m  special  organs,  the  **spongioles,"  or  succulent  extremities 
(ft  the  root-fibres,  which  draw  in  fluid  far  more  energetically  than  any  por- 
tion  of  the  general  surface  can  da.  And  so  in  the  early  development  of 
Pbauerogamia,  the  germ  absorbs  by  its  whole  surface  the  nutriment  in 
which  it  lies  imbedded ;  it  conlinnes  still  to  absorb  by  a  part  of  that  surface, 
even  after  the  expansion  of  its  plumula  and  the  extension  of  its  radicle  into 
the  soil ;  and  it  i.s  not  until  the  store  laid  up  by  the  parent  has  been  nciiriy 
eadioast^d,  that  the  proper  root-fibres  are  evolveti,  which  are  henceforth  to 
be  its  «|)ccial  iiistruments  of  imbibition.  With  equal  reason  the  simplest 
Protophrta  might  be  said  to  be  alileaf;  their  whole  surface  taking  part  in 
those  functions,  which  are  restricted,  in  the  higher  forms  of  Vegetable 
organization,  to  the  foliaceous  appendages.  Considered  only  in  reference 
to  its  vital  operations,  therefore,  the  simplest  Plant  differs  from  the  most 
com p lex p  prbici pally  in  this— that  the  whole  external  surface  of  the  former 
participates  equally  in  all  the  operations  which  connect  it  with  the  external 
world,  as  those  of  Absorption,  Exhalation,  and  liespi rati on^whi  1st  in  the 
latter  wc  find  that  these  functions  are  respectively  confined  to  certayi  jjor- 
tioiift  of  the  surface.  However  distinct,  therefore,  the  roots  and  leaves  of  a 
VasculaJ'  plant  are  from  each  other^  they  both  have  a  functional  analogy 
with  the  same  simple  membrane  of  the  lowest  species  of  Protophyta. 

i09.  Where  the  greatest  degree  of  specialization  of  function  presents 
itself,  the  particular  arrangement  of  the  organs  will  have  reference  to  the 
geueral  plan  of  conformation,  and  to  the  circumstances  under  w^hich  the 
being  u  destined  to  exist.     Thus,  whilst  the  abBorbiag  organs  of  Plants 

^  Thifl  priociple  hu$  been  frequently  rd<1  forcibly  dwelt  on  by  Prof.  Milne-EdwimJa ; 
y  Has  most  fully  devdop^Hl  aad  illustrated  it  in  Ha  '*  lotroduclioii  H  k  Zoolo^o  06- 
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are  prolonged  externally  into  the  soil,  they  are  usnally  distributed  in  Ani- 
mals upon  the  walls  of  a  cavity  fitted  to  retain  and  prepare  the  food.  Still, 
the  same  fundamental  unity  exists ;  and  the  spongiole  of  the  vascular  Plant, 
and  the  absorbent  villus  in  the  Animal,  have  precisely  the  same  essential 
character  with  the  membrane  which  constitutes  the  general  surface  of  the 
Sea-weed  or  of  the  Entozoon,  or  which  lines  the  digestive  cavity  of  the 
Hydra.  It  may,  then,  be  enunciated  as  a  general  truth,  that  throttghout  the 
whole  animated  Creation,  the  functional  character  of  the  organs  which  all 
possess  in  common,  remains  the  same;  whilst  the  mode  in  which  that  character 
is  manifested,  varies  wiHi  the  general  plan  upon  which  the  being  is  constructed. 
The  latter  part  of  this  law  may  be  rendered  more  intelligible  by  another 
illustration.  The  respiratory  surface  of  Plants  is  always  prolonged  ex- 
ternally ;  as  they  have  no  means  of  introducing  air  into  cavities,  and  of 
effecting  that  constant  renewal  of  it  which  is  necessary  for  the  aeration  of 
their  nutrient  fluid.  The  same  is  found  to  be  the  case  in  nearly  all  aquatic 
Animals,  the  gills  of  which  are  evidently  analogous  to  the  leave  of  Plants. 
In  terrestrial  Animals,  on  the  contrary,  the  respiratory  membrane  is  pro- 
longed internally,  so  as  to  form  tubes  or  cells  exposing  a  large  amount  of 
surface.  The  different  cavities  which  we  find  adapted  toHhis  office,  are  all 
lined  by  a  membrane  which  is  either  derived  immediately  from  the  external 
surface,  as  in  Insects,  terrestrial  Mollusks,  &c.,  or  from  that  inversion  of  it 
which  forms  the  digestive  cavity,  as  in  Vertebrata ;  and  this  membrane  is 
everywhere  functionally  or  instrumcntxilly  the  same,  although  the  organs  of 
which  it  forms  a  part  are  not  homologous,  those  of  one  kind  often  existing 
in  a  rudimentary  state,  where  another  is  fully  developed  (§  8). — ^Through- 
out the  second  division  of  the  work,  illustrations  will  be  found  of  this  essen- 
tial unity  in  the  functional  character  of  the  different  organs  common  to  all; 
and  it  need  not,  therefore,  be  further  dwelt  upon  in  this  place. 

110.  But  it  would  seem  as  if,  even  in  the  most  complex  beings,  thffl 
Specialization  of  Function  seldom  proceeds  so  far,  as  to  incapacitate  the 
more  general  instrument  for  taking  some  part  in  it ;  for  observation  of  the 
functions  of  the  more  complex  forms  of  animated  beings  leads  to  the  know* 
ledge  of  another  law,  which  is  simply  an  expression  of  this  fact ;  namely, 
that  in  cases  where  the  different  functions  are  highly  specialized,  ike  general 
structure  retains,  more  or  less,  the  primitive  community  of  function  wMA 
originally  characterized  it,^  As  this  principle,  also,  will  be  copiously  illuB- 
trated  in  subsequent  chapters,  it  is  unnecessary  here  to  do  more  than  point 
out  its  mode  of  application ;  and  we  shall  again  refer  to  the  ftinction  rf 
Absorption  for  this  purpose.  As,  in  the  simplest  or  most  homogeneous 
beings,  the  entire  suriace  participates  equally  in  the  act  of  imbibition,  so, 
in  the  most  heterogeneous,  every  part  of  the  surface  retains  some  capacity 
for  it ;  since,  even  in  the  highest  Plants  and  Animals,  the  common  external 
integument  admits  of  the  passage  of  fluid  into  the  interior  of  the  system, 
especially  when  the  supply  afforded  by  the  usual  channels  is  deficient  In 
the  same  manner  we  find,  that  whilst,  in  the  lowest  Animals,  the  functiODi 
of  Excretion  are  equally  performed  by  the  entire  surface,  there  is  in  tbfl 
highest  a  complex  apparatus  of  Glandular  organs,  to  each  of  which  some 
special  division  of  that  function  is  assigned ;  but  as  all  these  glands  have 
the  same  elementary  structure,  and  differ  only  in  the  peculiar  adaptation  rf 
each  to  separate  a  particular  constituent  of  the  blood,  it  is  in  conformity 
with  the  law  just  stated,  that  either  the  general  surface  of  the  skin,  or  some 

*  Sec  the  Author's  Memoir  "On  Unity  of  Function,"  in  the  "Edinburgh  Philosoplii- 
cal  Journal,"  July,  1837. 
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of  the  gpeeial  seereting  organg,  ebould  be  able  to  take  on,  in  some  degree, 

tioo  of  any  gkml  whose  duty  is  suspended;  aud  observatiou  and 
Lat  fttllj  bear  out  this  result,  as  will  hereafter  appear  (Chap.  1^0' 


CHAPTBB  III. 


OF   ALIMENT,    ITS   mOESllOK    AND    PKEP AR ATIO K* 

L  SourccM  nf^€  Demand  for  Aliment 

IIL  All  Vital  Acdon  inTokes  a  chmige  hi  the  condition  of  the  Organ- 
iied  Slruettire  which  is  its  instrument. — The  vital  activity  of  the  Plant  is 
ekkfly  manifested  in  its  incrca^f,  deveJopmeM,  and  repToduction ;  in  the 
mitttpticstton  of  its  component  celk,  in  the  metamorphoses  which  these 
eelti  nttdefgo,  and  in  the  fi>rmatmu  of  germs  ^  hieh  are  destined  to  tie  east 
olTby  It,  and  to  originate  now  organisms  elsewhere.     These  operations  can 
Ottly  be  performed,  however^  w  hen  the  plant  is  supplied  with  such  aliment- 
arf'subitaueei,  as  can  be  conYerted  by  it  into  the  proximote  materials  of  its 
own  tiflsaes  ■  which  materials  are  then  appropriated  by  them,  as  the  pabn- 
&t  whose  expense  their  growth  takes  place.     In  those  simple  Cellular 
I  PJaDts  whose  structure  is  nearly  homogeneous  throughout,  every  act  of  cell- 
I  ittultiplieatioii  conduces  directly  to  the  growth  of  the  entire  mass ;  since  the 
mew  celld  thus  produced  remain  as  constituent  parts  of  it,  so  long  as  the 
\  orgftiiJiiui  holds  together-     hi  the  higher  tribes  of  Plants,  however,  this  is 
»  not  the  case ;  for  we  ijud,  m  we  have  seen,  that  certain  organs  are  periodi- 
[  cailj  developed,  the  term  of  whoso  existence  u  comparatively  brief,  so  that 
J  only  form  constituent  parts  of  the  stmetnre  for  a  short  time,  being  cast 
'  m  soon  as  their  term  of  Ufc  is  over,  to  be  replaced  by  another  set  pos- 
ing attributes  of  preeii?ely  the  same  kind.     It  is,  however,  through  the 
Dcy  i»f  these  temporary  organs — namely^  the  leaves  and  the  flowersi — that 
\  mcim^  of  increase  and  reproduction  are  provided  for  the  more  perma- 
li  parts  of  the  organism,  which  eoultl  neither  grow  nor  regenerate  ita 
I  with  out  their  agency*     ThnB  it  would  ^eem  to  be  a  general  rule,  that 
D-UT  true  trood^  tissue  (the  production  of  which  seems  to  be  the  highest 
[^•mition  of  tbe  vital  force  of  Plants)  is  produced^  the  Plant  shall  be  fur- 
raiilied  with  a  mX  of  organs,  whose  peculiar  fiinetiou  it  is  to  preimre  and 
|llftbor&t«  its  material-H,  accomplishing  this  with  such  vigor  and  activity,  that 
tbpfr  own  vital  energy  is  soon  exhausted,  so  that  they  die,  and  are  cast  off 
in  ■  itate  of  riecay ;  and  thus  the  most  ptrmaneni  portion  of  the  higher 
^fCgvtable  fabrics  i^  built  up  through  the  instrumentality  of  the  most  tmn- 
part  of  their  or^inization,  the  growth  of  the  wood-cells  being  entirely 
'  nt  upon  the  vital  activity  of  the  leaf*eells.     So  again,  in  the  higher 
.  e  find  that  instead  of  that  simple  liberation  of  the  generative  pro- 
iru  the  interior  of  certain  cells,  more  or  less  distinctly  set  apart 
L'enf^ral  structure,  which  is  the  common  method  of  fmctiiication  in 
i*omplex  iipparatns  is  provided  for  their  evolution ;  and  that 
I- — con.HiiiUii^r^  in  fact,  of  elements  which  might  be  developed 
J  Inti)  JwivL*«,  and  which,  thoujrb  metaworj^hos^ed  into  the  parts  of  the  flower, 
[tlill  iiree^nt  an  a*!Cordance  with  the  general  laws  of  leaf-growtli — is  itself  of 
I  jei  more  trausit^ut  duration  than  the  leaves,  being  cast  uff  as  soon  ns  the 
mhich  it  ha^  brought  Into  existence  are  capable  of  living  separated 
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from  the  parent  structure.  Further,  we  have  to  note,  that  it  is  one  part  of 
the  office  of  the  apparatus  of  fructification,  to  prepare  and  store  up  a  sup- 
ply of  nutriment  for  the  early  development  of  the  germ ;  and  this  store, 
which  makes  up  the  chief  bulk  of  the  seed^  is  derived  from  the  materials 
provided  by  the  roots  and  leaves  of  the  parent-plant. 

112.  Thus,  then,  if  we  look  at  the  sources  of  demand  for  Aliment  in  the 
Vegetable  Organism,  we  shall  see  that  they  may  be  reduced  to  the  following 
heads — I.  The  extension  of  the  individual  fabric  j  by  the  multiplication  and  de- 
velopment of  its  component  parts.  These  may  all  resemble  one  another  and 
those  from  which  they  sprung  (as  is  the  case  with  the  lower  Cellular  Plants, 
§  22),  may  correspond  in  duration,  and  may,  in  their  turn,  be  the  subject  of 
further  multiplication  to  an  almost  unlimited  extent ;  or  they  may  take  on  a 
development  which  differentiates  them  from  each  other,  so  that  whilst  some 
(as  the  woody  bundles  in  the  stems  of  the  Vascular  Plants)  possess  consider- 
able durability,  and  remain  as  permanent  parts  of  the  fabric,  others  (as  tiie 
leaves)  are  destined  for  only  a  temporary  activity,  replacing  for  a  time  those 
that  have  already  expended  their  powers  and  passed  through  thMr  term  of 
life,  and  themselves  dying  as  soon  as  they  have  completed  the  same  series  of 
phases  of  existence,  which  has  for  its  ultimate  object  the  extension  of  the 
more  permanent  parts  of  the  structure. — II.  The  production  of  germs  for 
the  continuance  of  the  race ;  which  not  only  incorporate  in  their  own  sub- 
stance a  certain  amount  of  elaborated  nutriment,  but  which,  in  the  higher 
plants,  carry  with  them  a  further  supply,  at  the  expense  of  which  their  wurly 
development  takes  place. — It  is,  then,  by  the  activity  of  the  fanetions  of 
Growth  and  Reproduction  alone,  that  the  demand  for  food  is  determined  in 
the  Plant ;  and  we  shall  find  that,  in  their  turn,  the  activity  of  these  fane- 
tions is  dependent  upon,  and  in  some  degree  determined  by  the  supply 
afforded  to  it.  Thus  it  is  when  the  plant  is  most  abundantly  furnished  wift 
appropriate  materials  by  its  roots  and  leaves,  that  it  will  most  tend  to  throw 
out  new  leaf-buds,  to  form  new  wood,  and  thus  to  grow  as  an  individual ; 
whilst,  on  the  other  hand,  it  is  when  more  sparingly  supplied  with  nutri- 
ment, that  it  will  produce  the  greatest  number  of  flower-buds,  and  develop 
the  most  numerous  progeny.  In  the  life  of  the  simpler  plants,  there  may 
be  said  to  be  no  *'  waste"  whatever;  for  so  long  as  their  tissues  are  grow- 
ing and  multiplying,  so  long  do  they  resist  the  influences  which  tend  to  their 
decomposition.  But  in  the  life  of  the  higher  plants,  a  source  of  "  waste^ 
arises  from  the  temporary  nature  of  some  of  their  organs ;  though  even 
this  is  connected,  as  we  have  just  seen,  with  the  constructive^  not  with  the 
destructive  class  of  operations — ^the  successional  development  and  death  of 
the  leaves  being  subservient  to  the  building  up  of  the  individual  fabric,  and 
to  the  regeneration  of  the  race.  Thus,  a  very  large  proportion  of  the  ali- 
ment taken  into  the  Vegetable  system  is  directly  appropriated  to  these  poN 
poses ;  the  amount  of  carbonic  acid  and  of  other  excretory  matters  gives 
off  during  the  period  of  growth,  being  very  small  in  proportion  to  that  of 
the  materials  introduced ;  and  the  fall  of  the  leaves,  which  restores  to  the 
condition  of  inorganic  matter  a  certain  amount  of  substance  thai  has  nnde^ 
gone  the  organizing  process,  not  taking  place,  until  by  their  instrumentalitf 
a  considerable  addition  has  been  made  to  the  solid  fabric  of  the  tree.  Ito 
these  processes  of  extension  and  reproduction,  there  would  not  seem  to  be- 
at least  in  a  large  proportion  of  the  fabrics  belonging  to  the  Vegetable 
kingdom — any  very  definite  limit. 

113.  The  case  is  very  different,  however,  as  regards  the  Animal.  In  % 
also,  the  activity  of  the  functions  of  growth  and  reproduction  becomes  • 
source  of  demand  for  food.    But,  excepting  in  those  tribes  which  (Uko 
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Zr>ophjies)  maiUplj  by  gemmation,  the  period  of  increase  m  limited.  The 
full  mze  of  the  bodj  is  usually  ftttaiJicdi  and  all  the  organs  acquire  their 
complete  evolution,  at  a  comparatively  early  period.  The  continued  supply 
of  food  is  not  then  R^qui^ite.for  the  extension  of  the  structure,  but  simply 
for  ita  maintenance ;  and  the  source  of  this  demand  lies  in  the  con^itant 
"waste/*  to  which,  daring  its  period  of  aetivity,  it  is  subjected.  Every 
action  of  the  Nervous  and  Muscular  systems  involves  the  death  and  decay 
of  a  certain  amount  of  the  living  tissue,  as  is  indicated  by  the  appearance 
of  the  products  of  that  decay  in  the  Excretions ;  and  a  large  part  of  the 
demand  for  food  will  he  consequently  occasioned  by  the  necessity  for  making 
good  the  loss  thus  sustained.  Hence  w^e  find  that  tlie  demand  for  food  bears 
a  close  relation  to  the  activity  of  the  "  animaP'  or  desinicth^e  functions ; 
and  thus  the  Birds  of  most  active  flight,  and  the  Mammals  which  are  re- 
quired to  put  forth  the  greatest  efforts  to  obtain  their  food,  need  the  largest 
and  most  constant  supplies  of  nutriment;  whilst  even  the  least  active  of 
these  classes  stand  ia  remarkalile  contrast  with  the  inert  Reptiles,  wliose 
alow  and  feeble  movements  are  attended  with  so  little  waste,  that  they  can 
sii«toi^  life  for  weeks  and  evca  months,  with  little  or  no  diminution  of  their 
Dsnal  activity,  without  a  fresh  supply  of  food, 

114,  But  this  waste  and  decay  do  not  affect  the  muscular  and  nervous 
tissues  alone  j  for  as  we  have  found  in  the  Plant,  that  the  higher  parts  of 
the  atrueture  are  developed  by  the  instrumentality  of  the  vital  activity  of 
the  lower,  so  do  wc  find  in  the  Animal,  that  the  exercise  of  those  comtrue- 
tive  operations,  by  which  the  materials  for  the  first  growth  and  the  subse- 
quent maintenance  of  the  fabric  are  prepared  and  kept  in  a  state  of  the  re- 
quisite purity,  involves  the  agency  of  a  set  of  organs,  whScli  may  be  said  to 
be  entirely  '^  vegetative"  ia  their  character,  and  in  w^hich,  as  in  the  higher 
Plants,  a  continual  renewal  of  the  cells  that  constitute  their  essential  struc- 
ture, seems  necessary  for  their  functional  activity.  Thus  all  the  glandular 
and  mncous  surfaces  are  continuaHy  forming  and  throwing  off  epithelial 
cells,  whose  production  requires  a  regular  supply  of  nutriment ;  and  only  a 
part  of  this  nutriment  (that  which  occupies  the  euvity  of  the  cells)  consists 
of  matter  that  is  destined  to  serve  some  other  purpose  in  the  system,  or  that 
has  already  answered  it;  the  remainder  (that  of  which  their  solid  walk  are 
composed)  being  furnished  by  the  nutritive  materials  of  the  blood,  and  be- 
ing Ueaeeforth  altogether  lost  to  it. — Tims  every  act  of  Animal  Nutrition 
iavolres  a  waste  or  decay  of  Organized  tissue,  either  in  the  first  preparation 
of  tlie  nutrient  fluid,  or  in  its  subsequent  depuration. 

115.  We  may  ob^^erve  a  marked  difference,  however,  between  the  amount 
of  allmetit  required,  antl  the  amount  of  waste  occasioned,  by  the  simjjle 
6iercise  of  the  nutritive  or  vegetative  functions  in  the  building  uj)  and 
maintenance  of  the  animal  body,  and  that  which  results  from  the  exercise  of 
the  aninmt  functions!;.  The  former  are  carried  on,  with  scarcely  any  later- 
mixture  of  the  latter,  during  fcetal  life.  Tlie  aliment,  in  a  state  of  prepara- 
tioDj  is  introdttced  into  the  fcetal  vessels ;  and  is  conveyed  by  them  into,  the 
Tariona  parts  of  the  structure,  whieh  are  developed  at  its  expense.  The 
amount  of  wante  is  then  very  trifling,  as  we  may  judge  by  the  small  amount 
of  excretory  matter,  the  product  of  the  action  of  the  liver  and  kidneys, 
which  has  accumaiatcd  at  the  time  of  birth;  although  these  organs  have 
attained  a  snfficient  development,  to  act  with  energy  when  called  upon  to 
do  so,  Bnt  so  soon  as  the  moi^tmtnls  of  the  body  l>egin  to  take  place  with 
activity,  the  waste  increases  greatly ;  and  we  even  observe  this  immediately 
after  birth,  when  a  large  part  of  the  time  is  still  passed  in  sleep,  but  when  the 
aetiODs  of  respiration  involve  a  constant  employment  of  muscular  power. — 
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In  the  state  of  profound  sleep,  at  subsequent  periods  of  life,  the  vegetative 
functions  are  pecformed,  with  no  other  exercise  of  the  animal  powers  than 
is  requisite  to  sustain  them ;  and  we  observe  that  the  waste,  and  the  demand 
for  food,  are  then  diminished  to  a  very  low  point.  This  is  well  seen  in  many 
animals,  which  lead  a  life  of  great  activity  during  the  warmer  parts  of  the 
year,  but  which  pass  the  winter  in  a  state  of  profound  sleep,  without,  how- 
ever, any  considerable  reduction  of  temperature;  the  demand  for  food, 
instead  of  being  frequent,  is  only  felt  by  them  at  long  intervals,  and  their 
excretions  are  much  reduced  in  amount.  And  those  animals  which  become 
completely  inert,  either  by  the  influence  of  cold,  or  by  the  drying  up  of  their 
tissues,  do  not  suffer  from  the  most  prolonged  deprivation  of  food ;  because 
not  only  are  theu-  animal  functions  suspended,  but  their  nutritive  opelrations 
also  are  in  complete  abeyance ;  and  as  the  continual  decomposition  which 
would  otherwise  be  taking  place  in  their  tissues,  is  checked  by  the  cold  or 
by  the  desiccation  to  which  they  are  subjected,  the  whole  series  of  changes 
which  would  be  going  on  in  their  active  condition  is  brought  completely  to 
a  stand. 

116.  But  there  is  another  most  important  source  of  demand  for  food, 
amongst  the  higher  Animals,  which  docs  not  exist  either  amongst  the  lower 
Animals,  or  in  the  Vegetable  kingdom.  Mammals,  Birds,  and,  to  a  cer- 
tain extent.  Insects  also,  are  able  to  maintain  the  heat  of  tiieir  bodies  at  a 
fixed  standard,  and  are  thus  made  in  great  degree  independent  of  variations 
in  external  temperature.  This  they  are  enabled  to  do,  as  will  be  explained 
hereafter  (Chap.  X.,  Sect.  3),  by  a  process  analogous  to  ordinary  combus- 
tion ;  the  carbon  and  hydrogen  which  are  directly  supplied  by  their  food,  or 
which  have  been  employed  for  a  time  in  the  composition  of  their  living  tis- 
sues and  are  then  set  free,  being  made  to  unite  with  oxygen  introduced  by 
the  respiratory  process,  and  thus  giving  off  as  much  heat  as  if  the  same 
materials  were  burned  in  a  furnace.  And  it  has  been  experimentally  proved, 
that  the  immediate  cause  of  death  in  a  warm-blooded  animal  from  which 
food  has  been  entirely  withheld,  is  the  inability  any  longer  to  sustain  that 
temperature,  which  is  requisite  for  the  performance  of  its  vital  operations. 
Hence  we  see  the  necessity  for  a  constant  supply  of  aliment,  in  the  case  of 
warm-blooded  animals,  for  this  purpose  alone;  and  the  demand  will  be 
chiefly  regulated  by  the  difference  between  the  external  temperature  and 
that  of  the  animal's  body.  When  the  heat  is  rapidly  carried  off  from  the 
surface,  by  the  chilling  influence  of  the  surrounding  air,  a  much  greater 
amount  of  carbon  and  hydrogen  must  be  consumed  within  the  body,  to  main- 
tain its  proper  heat,  than  when  the  air  is  nearly  as  warm  as  the  body  itself; 
so  that  a  diet  which  is  appropriate  to  the  former  circumstances,  is  super- 
fluous and  injurious  in  the  latter ;  and  the  food  which  is  amply  sufficient  in 
a  warm  climate,  is  utterly  destitute  of  power  to  enable  the  animal  to  resist 
the  influence  of  severe  cold.  Again,  the  Bird,  whose  natural  temperatnn 
is  110^  or  112°,  and  the  bulk  of  whose  body  is  small  in  proportion  to  the 
surfcK^e  it  exposes,  must  consume  a  greater  quantity  of  combustible  mate- 
rial for  the  maintenance  of  its  normal  heat,  than  is  required  by  a  Mammal, 
whose  natural  temperature  is  100°,  and  whose  body,  being  of  much  greater 
bulk,  exposes  a  much  smaller  proportional  surface  to  the  cooling  inflaence 
of  the  surrounding  medium. 

lit.  Thus  we  find  that,  in  the  Animal  body,  aliment  is  ordinarily  required 
for  four  different  purposes ;  the  first  two  of  which  are  common  to  it  and  to 
the  Plant,  whilst  the  others  are  peculiar  to  it. — I.  The  first  construction  or 
building  up  of  the  organism,  by  the  development  and  multiplication  of  its 
component  parts.    II.  The  production  of  germs  for  the  continuance  of  the 
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race;  and,  in  additioD,  in  the  female,  the  provision  of  the  store  of  aliment 
required  by  these  germs  daring  their  early  development.  HI.  The  main- 
tenance of  the  orphan  ism  both  daring  its  period  of  growth ,  and  after  its 
attainment  of  its  full  size,  notwithstanding  the  *' waste"  oecasionctl  by  th6 
active  exercise  of  the  nervous  and  mnscnlar  sysiitems.  lY.  The  supply  of 
the  materials  for  the  heat-producing  process,  by  which  the  temperature  of 
the  body  is  kept  up. — The  amount  ret juired  for  these  several  purposes  will 
var}^  therefore,  not  only  with  the  general  activity  of  the  nutritive  processes, 
but  in  accordance  with  the  conditions  of  the  body,  as  regards  exercise  or 
repose,  and  external  heat  or  cold.  It  is  also  subject  to  great  variation 
with  difference  of  Ag&.  During  the  period  of  growth,  a  much  larger  sup- 
ply of  food  is  required  in  proportion  to  the  bulk  of  the  body,  than  when  the 
full  statnrc  has  been  attxiined  :  but  this  results,  not  so  much  from  the  appro- 
priation of  a  part  of  this  food  to  the  augmentxition  of  the  fabric  (the  pro- 
portion of  its  whole  amount  which  is  thus  employed  being  extremely  email ), 
as  from  the  inneh  greater  rapidity  of  change  in  the  constituents  of  the  body 
of  the  young  animal,  than  in  that  of  the  adult;  which  is  evidenced  by  the 
large  proportional  amount  of  the  ejccretiona  of  the  former,  by  the  rapidity 
with  which  the  effects  of  insufficiency  of  aliment  manifest  themselves  in  the 
diminution  of  the  bulk  and  firmnesa  of  the  body,  by  the  short  duration  of 
life  when  food  is  altogether  withheld,  and  by  the  readiness  with  which  losses 
of  [gubstanee  by  disease  or  injury,  are  repaired,  when  the  nutritive  processes 
are  restored  to  their  full  activity.  Tiie  converse  of  all  this  hoMs  good  in 
the  stale  of  advanced  age.  The  excretions  dimioish  in  amount,  the  want  of 
food  nmy  be  sustained  for  a  longer  period,  losses  of  substance  are  bnt  slowly 
repaired,  and  everything  indicates  that  the  interstitial  changes  are  per* 
formed  with  comparative  slowness ;  ami,  accordingly,  the  demand  for  food 
is  then  much  less  in  proportion  to  the  bulk  of  the  body,  than  it  is  in  the 
adult.  This  contrast  is  most  remarkably  shown  in  the  Insect  tribes,  wliich 
are  far  more  voracious  in  the  larva  than  in  t!ie  imago  state  ;  many  species, 
indeed,  taking  no  food  whatever,  after  their  last  metamorphosis ;  and  most 
others  Inking  very  little,  except  such  as  they  may  be  preparing  to  apply  to 
the  sustenance  of  their  progeny, 

lis.  The  influence  of  the  supply  of  food  upon  the  size  of  the  indivitlual, 
]g  venr  evident  in  the  Ycgetable  kingtlom  ;  and  it  is  most  strikingly  mani- 
fested ^  when  a  plant  natnmlly  growing  in  a  poor  dry  soil  is  transferred  tf>  a 
rich  damp  one,  or  when  we  contrast  two  or  more  individuals  of  the  same 
species,  growing  in  localities  of  opposite  characters.  Thus,  says  Mr. 
Ward,*  *'I  hare  gathered,  on  the  chalky  borders  of  a  wood  in  Kent,  per- 
fect specimens  in  full  flower  of  Er^ihrma  Oenfaunum  (Common  Centaary), 
not  more  than  half  an  inch  in  height ;  consisting  of  one  or  two  pairs  of  most 
minute  leaves,  with  one  solitary  flower  j  these  were  growing  on  the  bare 
chalk.  By  tracing  the  plant  towards  and  in  the  wood,  I  found  it  gradually 
increasing  in  size,  until  its  full  development  was  attained  in  the  open  parts 
of  the  TTood,  where  it  became  a  glorious  plant,  four  or  five  feet  in  elevation, 
and  covered  with  hundreds  of  flowers."  We  find,  then,  that  by  starpatioUj 
naturally  or  artificially  induced,  Plants  may  be  dwarfed,  or  reduced  in  sta- 
ture :  thus  the  Dahlia  has  been  diminished  from  six  feet  to  two ;  the  Spmce 
Fir  from  a  lofty  tree  to  a  pigmy  bush  j  and  many  of  the  trees  of  plains  be- 
come more  and  more  dwarfish  as  they  ascend  monntains,  till  at  length  they 
]mki  as  mere  nnderw^ood.  Part  of  this  effect,  however,  is  doubtless  to  be 
mtlributed  to  diminished  temperature ;  which  concurs  with  deficiency  of  food 
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in  producing  inferiority  of  size. — The  influence  of  variations  in  the  supply 
of  food,  in  producing  a  corresponding  variety  of  size,  seems  to  be  less  in 
the  Animal  kingdom  than  in  the  Vegetable :  but  this  is  not  because  Ani- 
mals arc  in  any  degree  less  dependent  than  Plants  upon  a  proper  measure 
of  aliment.  For  such  a  limitation  of  the  supply  as  would  dwarf  9k  Plant  to 
any  considerable  extent,  would  be  fatal  to  the  life  of  an  Animal.  On  the 
other  hand,  an  excess  of  food,  which  (under  favorable  circumstances)  would 
produce  great  increase  in  the  size  of  the  Plant,  would  have  no  correspond- 
ing influence  on  the  Animal ;  for  its  size  appears  to  be  restrained  within 
much  narrower  limits — ^its  period  of  growth  being  restricted  to  the  early 
part  of  its  life,  and  the  dimensions  proper  to  the  species  being  rarely  ex- 
ceeded in  any  great  degree.  Even  in  the  case  of  giant  individuals,  it  does 
not  appear  that  the  excess  of  size  is  produced  by  an  over-supply  of  food ; 
but  that  the  larger  supply  of  food  taken  in,  is  called  for  by  the  unusual 
wants  of  the  system — those  wants  being  the  result  of  an  extraordinary 
activity  in  the  processes  of  growth,  and  being  traceable  rather  to  the  pro- 
perties inherent  in  the  individual  organism,  than  to  any  external  agencies. 
The  influence  of  a  diminished  supply  of  food,  in  producing  a  marked  infe- 
riority in  the  size  of  Animals,  is  most  effectually  exerted  during  those  early 
periods  of  growth,  in  which  the  condition  of  the  system  is  most  purely 
''vegetative."  Thus  it  is  well  known  to  Entomologists,  that,  whilst  it  is 
rare  to  find  Insects  departing  widely  from  the  average  size  on  the  side  of 
excess,  dwarf  individuals,  possessing  only  half  the  usual  dimensions,  or  even 
less,  are  not  uncommon ;  and  there  can  be  little  doubt  that  these  have  suf- 
fered from  a  diminished  supply  of  nutriment  during  their  larva  state.  This 
variation  is  most  apt  to  present  itself  in  the  very  large  species  of  Beetles, 
which  pass  several  years  in  the  larva  state ;  and  such  dwarf  specimens  have 
even  been  ranked  as  sub-species.  Abstinence  has  been  observed  to  pro- 
duce the  effect,  upon  some  Caterpillars,  of  diminishing  the  number  of 
moults  and  accelerating  the  transformation ;  in  such  cases,  the  Chrysalis  is 
more  delicate,  and  the  size  of  the  perfect  Insect  much  below  the  average.— 
That  insuflSciency  of  wholesome  food,  continued  through  successive  gene- 
rations, may  produce  a  marked  effect,  not  merely  upon  the  stature,  but 
upon  the  form  and  condition  of  the  body,  even  in  the  Human  race,  appears 
from  many  cases  in  which  such  influence  has  operated  on  an  extensive  scale. 
Of  these  cases,  some  of  the  most  remarkable  are  those  of  the  Bushmen  of 
Southern  Africa,  and  the  aborigines  of  New  Holland ;  whose  low  physical 
condition  appears  to  be  in  great  part  due  to  imperfect  nutrition. 

119.  There  can  be  no  doubt  that  the  character  of  the  food  supplied,  has 
an  important  influence  upon  the  development  of  particular  parts  of  the 
organism ;  and  may  thus  modify  its  general  conformation  in  a  remarkable 
degree.  Many  of  the  alterations  which  are  effected  by  cultivation  in  Plants, 
obviously  proceed  from  this  source ;  and  when  it  is  known  what  are  the 
particular  components  of  any  special  tissue  or  organ  which  it  is  dedred  to 
augment,  a  supply  of  the  appropriate  pabidum  will  usually  be  effectual  for 
tJiis  purpose.  Thus  the  production  of  the  Corn-grains  is  largely  increased 
by  azotized  manure  combined  with  the  earthy  phosphates ;  whilst  that  of 
the  Sugar-cane  is  in  like  manner  favored  by  non-azotized  manure  combined 
with  silex.  So  in  the  higher  Animals,  the  production  of  blood-corpusdes 
is  known  to  be  promoted  by  iron,,  that  of  fat  by  abundance  of  oleaginous  or 
farinaceous  food,  and  even  that  of  muscle  and  bone  by  suitable  kinds  cl 
diet. — ^The  most  remarkable  example,  however,  of  the  influence  of  partidfr* 
lar  kinds  of  food  in  modifying  the  processes  of  development,  is  seen  in  the 
economy  of  the  Hive-Bee.    The  neuters,  which  constitute  the  majority  rf 


NATURE  OF  ALIMEflTARY  MATERIALS. 


fts 


eveiy  community,  are  reallj  females  with  the  sexual  organs  uudeyebped, 
the  caparity  for  generation  being  restricted  to  the  queen.  If  hj  any  acci- 
dent the  qaecu  should  be  destroyed,  or  if  she  be  purposely  removed  for  the 
sake  of  experiment,  the  bees  choose  two  or  three  from  among  the  neuter- 
6gl^3  that  have  been  deposited  in  their  appropnate  cells,  and  change  these 
eelis  (by  breaking'  down  others  oround  them)  into  ro^al  cells,  differing  from 
them  con^iiderably  in  form,  and  of  much  larger  dimensions  j  and  the  larToe, 
when  they  come  forth,  are  supplied  with  *'  royal  jelly,"  an  aliment  of  a  very 
different  nature  from  the  "  bee-bread"  which  is  stored  ep  for  the  nourish- 
ment  of  the  workers,  being  of  a  pungent  stimalating  character.  After  going 
through  its  transformations,  the  grub  thus  treated  comes  forth  a  perfect 
queeuj  differing  from  the  "neuter"  into  which  it  would  otherwise  have 
changed,  not  on!y  iu  the  development  of  the  generative  apparatus,  but  also 
b  the  form  of  the  body,  the  proportionate  length  of  the  wings,  the  shape  of 
the  tongue,  jawjs,  and  sting,  the  absenee  of  the  hollows  ou  the  thighs  in 
which  the  pollen  m  carried,  and  the  Ioj^s  of  power  to  secrete  wax.  Thus 
in  accpiring  the  attributes  i»eculiiir  to  the  perfect  reproductive  female,  the 
insect  loses  those  which  distinguish  the  working  population  of  the  hive  ; 
and  of  this  departure  from  its  nsual  mode  of  development,  the  ditference 
in  the  food  with  which  it  is  snppHed  appears  to  be  the  only  essential  con- 
ditioo. 

2.  Natu,re  of  t^te  AHfmntary  Maieriak. 

120.  Amongst  tlie  general  differences  between  the  Animal  and  Vegetable 
kingdoms,  none  are  more  striking  than  those  existing  between  the  aliments 
wher^OQ  they  arc  resijcctively  supported,  and  the  mode  of  their  ingestion 
or  introduetion  into  the  sy'^tem.  The  essential  nutriment  of  Plants  appears 
to  be  supplied  by  the  Inorganic  world ;  and  to  consist  chiefly  of  the  ele- 
ments of  tpaier,  carbon^  and  nitrogen,  with  certain  mineral  compounds.  The 
Water  is  partly  derived  from  the  fluid  that  percolates  the  soil,  which  is  ah- 
gorbed  by  the  roots ;  and  partly  from  the  moisture  of  the  atmosphere,  which 
it  imbil^ed  by  the  leaves. — The  Carbon  is  principally  obtained  (§  268)  from 
the  carbonic  acid  which  exists  in  the  Atmosphere  In  the  proportion  of  about 
0. 00049  to  1 ;  but  most  plants  are  assisted  in  their  growth  by  its  introdue- 
tion  through  the  roots  also.  In  all  soils  of  moderate  richness,  there  exists 
a  large  (|uautity  of  the  remains  of  organized  fabrics,  the  upper  layer  of 
which  is  constantly  undergoing  some  degree  of  decomposition  by  contact 
with  the  atmosphere,  so  that  carbonic  acid  is  formed  in  it.  The  water  which 
traverses  such  a  soil,  therefore,  will  become  charged  with  this  gas ;  and  this 
state  of  solution  appears  to  be  that  in  which  carbon  may  be  most  advan- 
tageously introduced  into  the  vegetable  system.  It  seems  prolmble  that 
the  organic  matter  which  rich  soils  contain,  is  not  itself  applied  to  the  nn- 
trition  of  the  plant,  without  this  previous  decomposition  ;*  for  it  is  found  that 
those  soik  which  afford  the  most  steady  and  equable  supply  of  carbonic  acid, 

*  It  hns  been  recently  nfiirtned,  by  Mftl.  Verde il  nud  Rlelet,  tluit  a  soluble  neutral 
coiopounti,  laoQierie  witK  ligniu,  cellulose,  A;c.,  may  be  eittracted  from  fertile  fioilB ;  be* 
ing  the  re«iilt  of  llie  partial  decompoi^ltion  of  Ibe  orgatiiz^  filructfires  at  tbe  expeuaa 
«f  whi«ii  these  auils  ha?e  been  geucratcd.  The  solutiun  of  tbm  compound  in  -vtxtQr  has 
ft  fVQiKriukbte  power  of  taking  up  silica  and  carbonate  of  Ihnc;  And  it  thufi  becomes  the 
MtMda  of  IntPtaducing^  these  substances  into  the  plant.  Accoi'ding  to  the  chemists  n ho 
b*Te  dificorered  it,  ihis  compound  mny  be  directly  npproprirUed  iis  nutriment  hy  grow- 
ing pliola;  although  the j  admit  thatt  If  not  so  ftpprnprlated,  it  sjweilily  decomposes 
Md  gites  off  carbonic  acid.  {'^See  Cymptea  Rendua  de  la  Society  dc  Bkilogie,'*  1863, 
MIL) 
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are  the  most  favorable  to  vegetable  growth ;  and  that  this  end  may  be 
answered,  not  merely  by  an  admixture  of  decomposing  organic  matter,  bnt 
by  the  introduction  of  substances,  such  as  gypsum  or  powdered  charcoal, 
which  have  the  property  of  condensing  carbonic  acid  from  the  atmosphere. — 
It  is  only  within  a  recent  period,  that  the  dependence  of  all  Vegetable 
growth  upon  a  due  supply  of  Nitrogen  has  been  ascertained ;  but  it  is  now 
known  that,  although  usually  existing  in  only  a  small  proportion,  its  pre- 
sence in  the  vegetable  tissues  is  peculiarly  important  at  the  time  of  their 
greatest  formative  activity;  the  "primordial  utricle,"  which  is  the  seat  of 
the  most  active  vital  operations,  being  composed  of  albuminous  matter,  in 
which  nitrogen  is  an  essential  ingredient.  The  small  quantity  of  nitrogen 
which  the  usual  rate  of  growth  of  ordinary  Plants  causes  them  to  require, 
appears  to  be  derived  from  the  minute  proportion  of  ammonia  existing  in 
the  atmosphere,  in  combination  with  carbonic  acid ;  this  being  condensed 
from  it  in  rain  or  dew,  or  absorbed  in  the  gaseous  state  by  porous  soils,  so 
as  in  either  case  to  find  its  way  to  the  roots  in  the  liquid  which  they  imbibe. 
But  the  growth  of  most  plants  is  powerfully  stimulated  by  an  additional 
supply  of  ammonia,  such  as  they  derive  from  the  introduction  of  decaying 
animal  substances  into  the  soil,  as  manures ;  and  the  efficacy  of  these  is 
peculiarly  manifested  in  the  large  increase  of  the  amount  of  azatized  com- 
pounds, then  generated  by  such  plants  (the  corn-grains,  for  example)  as 
naturally  produce  them  in  considerable  proportion.' — ^To  the  fertility  of  a 
soil,  then,  it  is  essential  that  it  yield  a  sufficient  and  regular  supply  of  moist- 
ure, carbonic  acid,  and  ammonia;  the  two  latter  being  either  attracted 
from  the  atmosphere,  or  evolved  by  its  own  decomposition.  But  however 
richly  a  soil  may  afford  these  ingredients,  it  will  not  support  an  active  vege- 
tation, unless  it  also  supply  in  sufficient  quantity  the  Mineral  substances 
which  Plants  require.  These  are,  for  the  most  part,  the  earthy  carbonates, 
sulphates,  and  phosphates,  the  alkaline  carbonates,  and  silica.  Most  soils 
contain  the  greater  number  of  these  compounds  in  larger  or  smaller  pro- 
portion ;  and  it  is  mainly  according  to  the  predominance  of  one  or  other 
of  them,  that  particular  soils  are  specially  fitted  to  support  those  kind  of 
plants  in  which  a  like  predominance  exists.  Thus  the  Cerealia  and  Grasses 
require  a  large  proportion  of  silica  and  of  the  alkaline  carbonates;  TumipB 
and  Potatoes,  more  of  the  alkalies ;  Peas,  Beans,  Clover,  Ac,  carbonate 
and  sulphate  of  lime ;  while  all  (but  especially  the  Corn-grains)  require  a 
full  supply  of  phosphates. — The  opinion  that  Air  and  Water,  with  the  in- 
organic substances  they  bring  with  them,  furnish  the  essential  food  of  plants, 
is  confirmed  by  the  fact,  that  not  only  will  the  simpler  forms  of  Lichens  ap- 
pear on  barren  rocks  in  the  midst  of  the  ocean,  increasing  by  absorption 
from  the  atmosphere  alone,  and  preparing  by  their  decomposition  a  nidus 
for  the  reception  of  the  germs  of  higher  orders  of  vegetation ;  bat  thai 

'  According  to  the  recent  inquiries  of  M.  Georges  Ville,  the  mean  quantity  of  Am- 
monia contained  in  the  atmosphere  is  only  22.417  grms.  in  a  million  of  kilogramnM, 
(or  0.0000000224  parts);  the  maximum  quantity  being  29.43  grms,  and  the  minimiUB 
17.14  grms.  He  thinks  that  this  quantity  is  too  small  to  furnish  the  supply  of  nitrogea 
which  Tegetation  involves;  and  miKntains  that  plants  must  absorb  azote  direct  from  tbt 
atmosphere — an  assertion,  however,  of  which  no  sufficient  proof  is  given.  He  fooml 
that  an  artificial  increase  of  the  ammonia  in  the  atmosphere  to  an  extent  of  O.000lf 
produces  an  extraordinary  increase  in  the  activity  of  the  vegetative  processes ;  and  that 
the  plants  grown  in  such  an  atmosphere  contain,  when  mature,  twice  as  much  asott  u 
those  grown  in  pure  air.  If  this  treatment  be  employed  at  the  commencement  of  th* 
flowering  season,  the  increased  development  of  the  leaves  checks  that  of  the  flowen; 
and  if  any  flowers  are  produced  they  are  barren. — ("Proceedings  of  the  Royal  SoofrDtft" 
May  26,  1868.) 


ITATURE   OF  ALIMENTARY    MATHB-IALS. 


165 


y,  eren  of  the  more  highly  organfzeci  species,  will  grow  in  circumstanceB 

fere  no  oilier  kind  of  natriment  is  accessible  to  tbem.    The  email  amount 

enrthy  or  saline  matter  contained  in  llie  tissues  of  such  plants,  must  be 

lerived  from  the  atmosphere,  which  is  known  to  hold  sacb  particles  in  sns- 

on. 

il,  Tlie  only  class  of  Plants  which  even  seems  to  be  dependent  for  ita 
npon  matters  already  organized,  is  that  of  Fungi  (g  26);  but  it  is 
that  this  dependence  only  arises  from  the  peetilWly  large  and 
t  supply  of  carbonic  acid  and  ammonia,  which  they  require  as  the 
ndition  of  their  growth  j  as  well  m  (perhaps)  from  their  being  only  able 
.0  appropriate  thcKC  compoundg  in  the  '*  nascent*'  slate.  There  is  no  reason 
to  believe  that  they  can  make  ns^c  of  organic  compounds  in  any  other  than 
state  of  decomposition,  and  hence  it  is  that  their  great  utility  in  the 
onomy  of  Nature  arises;  the  products  of  decay,  which  might  otherwise 
have  poisoned  the  atmosphere,  being  conYerted  into  living  and  growing 
tissues. — ^Fungi  present  us  with  two  curious  analogies  to  the  Animal  king- 
dom ;  both  resulting,  no  doubt,  from  the  mode  in  which  they  receive  their 
aliment.  The  large  quantity  of  carbonic  acid  with  which  their  absorljent 
apparatns  furnishes  them,  prevents  the  necessity  of  their  drawing  any  addi- 
tional supply  of  it  from  the  atmosphere  \  but  on  the  contrary,  like  animals, 
they  have  only  to  get  rid  of  what  Is  superfluous.     And  again,  the  propor- 

Itlon  of  azotized  matter  contained  in  their  tissues  is  much  greater  than  In 
Bkosc  of  any  other  vegetable ;  so  that  their  substance,  if  capable  of  being 
llgcsted,  is  almost  as  natritions  as  animal  flesh. 
r  122.   It  is  a  general  law  of  vitality,  that  the  materials  of  nutrition  can 
only  be  introduced  into  the  living  system  in  the  fluid  state ;  and  although 
the  ingestion  of  solid  aliment  by  the  higher  Animals  might  seem  to  contra- 
dict such  a  principle,  a  little  examination  into  the  character  of  their  nutri- 
tive apparatus  will  show  that  it  is  framed  in  conformity  with  it.     In  addi- 
tion to  the  absorbing  organs  with  which  Plants  are  furnished,  and  by  which 
directly  imbibe  their  aliment  from  the  extenial  world,  nearly  all  Ani- 
arc  provided  with  cavities  for  the  reception  of  their  food,  and  for  its 
tion  to  a  stat^  fit  to  enter  the  vessel*?.    The  necessity  for  these  cavities 
out  of  the  nature  of  the  aliment  required  by  Animals,  which  usually 
-exists  in  a  form  more  or  less  solid;  and  also  from  the  occurrence  of  in- 
als  between  the  periods  at  which  it  is  obtained.     Whilst  the  roots  of 
egetables  are  fixed  in  the  soil,  and  ramify  through  it  in  pur- 
it  of  their  nntriment.  Animals,  whose  locomotive  powers  are 
lecessary  for  the  search  after  the  food  they  require,  may  be  said 
to  carry  their  soil  about  with  them ;  for  their  absorbents  arc  dis- 
tribatcd  on  the  walls  of  a  digestive  cavity  Just  as  those  of  Plants 
arc  externally  prolonged  into  the  earth.     This  cavity  is  in  all 
iost^inces  formed  by  a  reflexion  of  the  external  surface,  of  which 
the  Ilydra  (Fig.  34)  may  be  regarded  as  presenting  us  with  the 
simplcist  examjiie.    It  is  merely  a  bag  with  one  opening  (a),  which 
may  be  regarded  as  allKtomach.     A  higher  form  is  that  in  which 
I      the  CAvity  ha5  two  orifices,  and  thus  becomes  a  canal  (b)  ;  and 
all  the  complicated  intestinal  apparatus  of  the  higher  animals 
may  be  considered  as  a  more  extended  development  of  this 
simple  type.     That  the  presence  of  the  stomach,  however.  Is 
not  an  euential  character  of  the  Animal  (as  taught  by  some 
Physio  I  ogisls),  but  is  rather  a  special  adaptation  of  their  organ- 
iim  to  the  peculmrity  of  their  food,  which  may  be  dispensed 
Willi  under  peculiar  circumstances,  will  appear  hereafter  (§  138). — The  food 
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which  is  introduced  into  this  cavity,  is  acted  npon  mechanically  by  the 
motion  of  the  walls,  and  chemically  by  the  secretions  poured  from  their 
surface ;  so  that  the  nutritious  parts  of  it  are  separated  from  those  which 
may  l)c  rejected,  and  are  reduced  to  a  fluid  form. — ^That  the  process  of 
Diprestion  in  Animals  is  really  of  no  higher  a  character  than  this,  and  that 
it  has  nothing  to  do  with  "organizing"  or  "vitalizing"  the  materials 
submitted  to  it,  appears  alike  from  d  priori  considerations,  and  from  ex- 
periment. For  the  substances  contained  in  the  alimentary  canal,  and  in 
contact  with  that  reflexion  of  the  external  integument  which  constitutes 
its  lining  membrane,  are  really  as  much  external  to  the  living  body,  as 
if  they  were  placed  in  contact  with  the  skin ;  we  cannot  regard  them  as 
introduced  into  it,  until  they  have  been  absorbed ;  and  up  to  that  period, 
they  hold  precisely  the  same  relation  to  the  absorbent  vessels,  as  the  fluid 
difl'used  through  the  soil  bears  to  the  roots  of  Plants  ramifying  upon  the 
surface  of  that  Earth,  which  has  been  expressively  said  to  be  their  "com- 
mon stomach."  All  the  experiments  which  have  been  performed  upon  arti- 
ficial digestion,  have  precisely  the  same  bearing ;  since  it  appears  from  them, 
that  if  the  food  be  subjected  to  the  action  of  the  same  solvent  fluids,  t^ith 
the  same  assistance  from  heat  and  from  mechanical  movement,  the  result  is 
the  same  out  of  the  stomach  as  in  it. 

123.  The  particular  articles  which  constitute  the  food  of  the  different 
races  of  Animals,  are  as  various  as  the  races  themselves.  Some  appear  to 
draw  their  nutriment  from  the  Inorganic  world ;  but  this  is  not  the  case  in 
reality.  Thus  the  Spatangm  and  Arenicola  fill  their  stomachs  with  sand, 
but  really  derive  their  nutriment  from  the  minute  animals  which  it  contains. 
The  Earth-worm  and  some  kinds  of  Beetles  are  known  to  swallow  earth ; 
but  they  only  derive  from  it  the  particles  of  organic  matter  which  it  includes, 
and  reject  the  rest.* 

124.  Some  tribes  in  almost  every  division  of  this  kingdom  are  maintained 
solely  by  Vegetable  food;   and  wherever  Plants  exist,  we  find  animals 
adapted  to  make  use  of  the  nutritious  products  which  they  furnish,  and  to 
restrain  their  luxuriance  within  due  limits.     Thus,  the  Dugong  browses 
upon  the  submarine  herbage  of  the  tropics ;  whilst  the  Hippopotumus  roots 
up  with  his  tusks  the  plants  growing  in  the  beds  of  the  African  rivers ;  the 
Giraffe  is  enabled  by  his  enormous  height  to  feed  upon  the  tender  shoots 
which  are  above  the  reach  of  ordinary  quadnipeds ;  the  Rein-deer  subsists 
during  a  large  part  of  the  year  upon  a  lichen  buried  beneath  the  snow ;  and  the 
Chamois  finds  a  suflScient  supply  in  the  scanty  vegetation  of  Alpine  heights. 
Many  species  of  Animals,  especially  among  the  Insect  tribes,  are  restricted 
to  particular  Plants ;  and,  if  these  fail,  the  race  may  for  a  time  disappear. 
But  there  is  probably  not  a  species  of  Plants,  which  does  not  furnish  nutri- 
ment for  one  or  more  tribes  of  Insects,  either  in  their  larva  state  or  their 
perfect  condition,  by  which  it  is  prevented  from  multiplying  to  the  exclu- 
sion of  others.    Thus,  on  the  Oak  not  less  than  two  hundred  kinds  of 
Caterpillars  have  been  estimated  to  feed ;  and  the  Nettle,  which  scarcely 

^  Among  the  baman  nice,  some  sutrj^c  nations  nro  in  the  bnhit  of  introducing  large 

qoiBtities  of  earthy  matter  with  their  food;  and  this  sometimes  tlirough  ignorant  pre- 

\iidue,  Mmorefreqtiently  to  give  bnlkiness  to  the  aliment,  so  that  the  stomach  may 

bt  dlrtc&dfii-u  among  the  Kamschatdales,  who  mix  sawdust  or  earth  with  their 

In&ML   UbaBbeen  imtil  recently  supposed  that  the  siliceous  earth,  which  has  been 

«Mri^aT«&in  LapUnd  in  times  of  scarcity,  mixed  with  flour  and  the  bark  of  trees, 

ttB^innaealUBVQxpoM;  but  recent  microscopic  examination  has  shown,  that  it 

(mate^  ibftcnNB  ot  Inftisoria,  and  contains  a  large  portion  of  animal  matter.    If 

^Vritaibt^UDito&bjbkdneration,  the  earth  loses  about  20  per  cent  of  its  weight 
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an?  beast  will  touch,  supports  fifty  different  species  of  Insects,  but  for  which 
ierk  it  wonld  soon  annihilate  ail  the  plants  in  its  neighborhood. — The 
ihits  and  economy  of  the  different  races  existing  on  the  same  plant,  are 
fftriong  as  their  structure,  8ome  feed  only  upon  the  outside  of  the 
some  upon  the  internal  tissue  j  others  upon  the  flower  or  ou  the 
[lit;  a  few  will  eat  nothing  but  the  hark;  while  many  deriTc  their  noarish- 
Benl  only  from  the  woody  substance  of  the  tnjnk. — It  la  verj^  curious  to 
Ibsen'e,  that  many  plants  injarious  to  Man  affuril  wholesome  nutriment  to 
Hher  animals;  tluis,  Henbane,  Nightshade,  Watcr-Ucmlock,  and  other 
peeies  of  a  highly  l*oiBonouB  character,  Are  eaten  greedily  by  different  races 
[>f  quadrii]>eds.  Some  cattle,  again,  will  reject  particular  plants  upon  which 
others  feed  with  impunity. 

125.  Erery  class  of  the  Animal  kingdom  has  its  carnivorous  tribes^  also^ 
iapted  to  restrain  the  too  ra]  jid  increase  of  the  Ye  get  able-feeders,  by  which 
scarcity  of  their  food  would  soon  be  created — or  to  remove  from  the 
irth  thu  decomposing^  bodies,  which  might  otherwise  be  a  source  of  die- 
ease  or  annoyance.  The  necessity  of  this  limitation  becomes  evident,  if  we 
jconsider  the  rapid  multiplication  which  the  prolific  tendency  of  the  Herbi- 
'  orous  races  would  speedily  create,  until  checked  by  the  famine  that  would 
ecesBarily  rcssult  from  their  inordinate  increase.  Thus,  the  myriads  of 
Dscct^  which  find  their  snl>sistcncc  on  our  forest  trees,  if  allowed  to  multi- 
ply without  rcstrahit,  would  soon  destroy  the  life  that  supports  them,  and 
aost  then  all  perish  together ;  Ijut  another  tribe  (that  of  the  inscctivoroug 
Wrds,  as  the  Woodpecker),  is  adapted  to  dcrire  its  snbsistence  from  ttiem, 
lid  thus  to  keep  within  salutarjf'  bounds  the  number  of  these  voracious  little 
deinp^.  Sometimes,  howerer,  they  increase  to  an  enormous  extent-  The 
pine-forests  of  the  Hartz  Mountains  hare  been  several  times  almost  de- 
Iroved  by  the  ravages  of  a  single  species  of  Beetle,  the  Bostrichu^  tffpo- 
tipkus,  which  is  less  than  a  quai-ter  of  an  inch  in  length;  the  eggs  being 
leposited  beneath  the  bark ;  and  the  larvfB,  when  hatched,  devouring  the 
Iburaum  and  Inner  bark  in  their  neighborhood.  It  was  estimated  that,  in 
tie  year  178^1,  a  million  and  a  half  of  pine  trees  were  destroyed  by  this 
dseet  in  the  Hartz  alone  ;  and  other  forests  in  Germany  were  suffering  at 
be  same  time.  The  wonder  U  iucreased  when  it  is  stated,  that  80,000 
fcn  le  are  sometimes  found  on  a  single  tree.  Tbeir  multiplication  is  aided 
their  tenacity  of  life ;  for  it  is  found  that,  even  if  the  trees  infested  by 
tese  larva?  be  cut  down,  floated  in  water,  kept  for  a  length  of  time  immersed 
ather  in  water  or  snow,  or  even  placed  upon  ice,  the  grubs  remain  alive 
nd  unhurt.  In  the  pupa  state,  however,  they  are  more  susceptible ;  and 
Bsi  numbers  perish  in  this  condition  from  the  influence  of  unfavorable  sea- 
&n?,  which  operate  as  the  principal  check  to  their  mnltiplicatiou.^A  very 
arious  inst4ince  of  the  nature  of  the  checks  and  counter-cheeks,  by  which 
'  balance  of  power"  is  maintained  amongst  the  different  races,  is  men- 
oncd  by  Wileke,  a  Swedish  naturalist.  A  particular  species  of  Moth, 
e  PhiJmna  stroMhUa^  has  the  fir-cone  assigned  to  it  for  the  deposition  of 
s  eggs;  the  young  caterpillars,  coming  out  of  the  shell,  consume  the  cone 
and  §uperfiuous  seed;  but,  lest  the  destruction  should  be  too  great,  the 
Ichneumon  ttroWtlla  lays  its  eggs  in  the  caterpillar,  inserting  its  long  tail 
the  openings  of  the  cone  until  it  touches  the  included  insect,  for  its 
ly  is  too  large  to  enter.  Thus  it  fixes  upon  the  cateq>iilar  its  minate 
g,  which  when  hatched  destroys  it,* 


^  The  Cliiipters  on  tLe  **  Economy  of  Kutntive  Matter*'  in  Dr,  Koget's  "  BriJgpwatcr 
I        Tre^tbe^"  and  on  tli«  ^^EquUibrium  of  Species"  in  Sir  C.  LycU*a  *♦  Prifidpki  ^i  Qi^ 
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126.  The  Alimentary  value  of  the  yarioos  substances  used  as  food  by  the 
several  races  of  Animals,  is  not  so  different  as,  from  the  diversity  of  the 
sources  whence  it  is  drawn,  we  might  be  led  to  suppose.  It  depends,  in 
the  first  place,  upon  the  quantity  of  solid  matter  they  respectively  contain ; 
being  of  course  the  greater,  as  the  solids  form  the  larger  proportion  of  the 
entire  weight.  Many  esculent  vegetables  contain  so  large  a  qaantity  of 
water,  that  the  nutriment  they  afford  is  very  slight  in  proportion  to  their 
bulk. — Next,  it  depends  upon  the  proportion  of  digestible  matter  which 
the  solid  parts  include ;  for  it  is  not  every  substance  containing  the  requisite 
ingredients,  that  is  capable  of  being  reduced  to  a  state  which  enables  it  to 
be  absorbed.  Thus,  woody-fibre  is  composed  of  the  same  elements  as 
starch-gum ;  but  it  passes  out  of  the  intestinal  canal  of  the  higher  animals 
unchanged,  and  therefore  affords  them  no  nutriment;  yet  there  are  many 
tribes  of  Insects,  which  seem  to  draw  their  supply  of  nutriment  exclusively 
from  wood,  and  this  even  in  its  driest  condition.  So,  again,  the  homy  tis- 
sues of  animals,  though  nearly  allied  to  albumen  in  their  composition,  are 
completely  destitute  of  nutritive  value  to  Man  and  the  higher  animals, 
because  not  capable  of  being  reduced  by  their  digestive  process ;  though 
certain  Insects  appear  capable  of  living  exclusively  upon  them. — Bat  when 
the  watery  and  indigestible  parts  of  the  food  are  put  out  of  consideration, 
and  our  attention  is  directed  only  to  the  soluble  solids,  we  find  most  im- 
portant relations  in  the  chemical  composition  of  the  several  alimentary 
materials,  whether  furnished  by  the  Animal  or  the  Vegetable  kingdom, 
which  render  them  more  or  less  appropriate  to  the  different  purposes  that 
have  to  be  answered  in  the  nutrition  of  the  body.  It  is  the  remarkable 
attribute  of  Vegetables,  that  they  are  enabled  to  combine  the  elements  fur- 
niiihed  by  tlie  Inorganic  world  into  two  classes  of  compounds ;  the  ternary, 
consisting  of  oxygen,  hydrogen,  and  carbon ;  and  the  quaternary,  which 
consist  of  these  elements,  with  the  addition  of  azote  or  nitrogen.  Hiese 
two  classes  are  hence  termed  the  non-azotized  and  the  azatized, 

157.  Now  the  azotized  compounds  which  are  formed  by  Plants,  are 
o«$cutially  the  same  with  those  Albuminous  substances  which  are  famished 
bv  tho  llosh  and  by  the  nutritious  fluids  of  Animals ;  and  are  equally  adapted 
with  tho  latter  for  the  reparation  of  the  waste  of  the  muscular  tissue,  and 
fv>r  tho  giMioral  nutrition  of  the  body.  The  quantity  of  these,  however, 
whioU  riants  yield,  is  usually  small  in  proportion  to  that  of  the  non-azo- 
t(4^t;  boing  considerable  only  in  the  Cora-grains,  and  in  the  seeds  of 
l.0Krumiuou8  plants,  which  the  universal  experience  of  ages  has  demon- 
?<tnittHt  to  bo  tho  most  nutritious  of  Vegetable  substances.  But,  unless  the 
tiKKl  c\mtaiu  a  sufiiciont  proportion  of  these  compounds,  the  body  mast  be 
iuHUiHoioutlv  nourished,  and  the  strength  must  diminish,  even  though  other 
otcmoutH  of  tho  food  be  in  superabundance ;  and  consequently  if  the  food  be 
of  A  Ikiud  which  contains  but  a  small  proportion  of  albuminous  matter,  a 
\orv  l«iri{\^  <ftU\ount  of  it  must  be  ingested,  to  afford  the  requisite  sapply  of 
\\\s>  cKSi'utia)  iu^rrodionts.  We  see  a  provision  for  this  requirement,  in  the 
oi^HK^itv  \Ur  tho  aliniontary  canal  of  Vegetable-feeding  animals ;  which  is 
uhiKKxi  ui\i^ri«UlY  (Wr  greater  than  that  of  the  Carnivorous  members  of  the 
sumo  Kivu^KH.— -Thort^  is  another  azotized  compound.  Gelatine,  that  is  for- 
tutihvU  bv  \u)uuUit,  to  which  nothing  analogous  exists  in  Plants ;  this  can- 
not suiiimu  litV  Uy  ttsolf,  and  is  not  an  essential  article  of  food ;  and  there 
isi,  in  tWi«  much  \)oubt  whether  it  can  be  applied  to  the  nutrition  or  repa- 

K>^  t  *  >U4^  bo  v^^^rvsl  tv^  Amt  a  more  extended  view  of  this  interestiDg  subject,  than  thft 
huata  \>i  loo  ^iOMc^l  ¥i\Krk  |v«naiu 
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mtion  of  any  of  the  tissoeg  of  the  body.  There  is  ample  evidence  that  it 
CEvnnot  be  tninsfanned  into  an  albiimmons  compound,  so  as  to  lie  appli- 
eahle  to  Ibe  nutrition  of  the  museular  and  other  allmmiuons  tismies.  And 
although  the  Fibrous  substance  which  constitutes  the  animal  bads  of  bone, 
as  well  m  the  greater  part  of  tendons,  ligaments,  skin,  raucous  and  serous 
membranes,  areolar  tissue,  &c.  &c.,  has  tlie  same  composition  as  Gelatine^ 
and  might  therefore  bo  pres;umed  to  be  nourished  by  it  when  it  is  employed 
as  food,  yet  there  is  aOetpiate  evidence  that  even  these  tissues  are  generated 
in  the  living  body  at  the  expense  of  the  albuminous  con.stituents  of  the 
blood ;  and  that,  whenever  gelatine  is  introdueed  into  the  circulating  enr- 
rent,  it  is  speedily  decomposed  and  cxereted,  serving  only  (like  the  non- 
azotized  compounds)  to  assist  in  maintaining  the  heat  of  the  body. 

128.  The  non-azotizffd  com  pounds  supplied  by  Plants,  exist  under  vari- 
ouf  forms;  of  which  the  jirineipal  are  starch,  sugar,  and  oil.  The  two  for- 
mer may  be  regarded  as  belonging  to  one  class,  the  Sacckarine  or  Fanna- 
cemis ;  because  we  know  that  starch,  and  the  substances  allied  to  it  (such 
OS  ceUulose,  which  is  the  principal  constitueut  of  the  vegetable  tissues), 
may  be  converted  into  sugar  by+iimple  chemical  processes,  and  that  this 
transformation  takes  place  readily  both  in  the  Vegetable  and  in  the  Ani- 
mal economy.  On  the  other  hand,  the  Oi'/y  matters  arc  usually  ranked  m 
a  distinct  group  of  alimentary  substances  j  and  it  has  been  mainbiined  that, 
under  no  circumstanees,  has  the  Animal  the  power  of  elaborating  fatty  mat- 
ter from  starchy  or  saccharine  compounds.  But  this  is  now  known  to  be 
an  unfounded  limitation ;  since  the  tmnsforujation  of  a  saccharine  into  a 
fatty  compound  takes  place  in  the  ease  of  Bees,  which  form  wax  when  fed 
upon  pure  sugar ;  and  it  may  be  effected  also  in  the  laboratory  of  the  Che- 
mist*  butyric  acid  (the  characteristic  fatty  acid  of  butter)  being  one  of  the 
products  of  the  '^  lactic  fermentation^^  of  sugar,  excited  by  Animal  siih- 
stancea.— Thus,  tlicn,  whether   derived  from  Yegetnble  or  from  Animal 

^fldies,  the  non-azotized  substances  ayailabte  as  food  are  essentially  the 
'wne.  The  former  kingdom  supplies  them  chieflj  in  the  saccharine  or  fari- 
naceous form,  the  latter  chiefly  in  the  oleaginous  j  but  a  considerable  quan- 
tity of  oil  is  funiished  by  certain  Phmts;;  and  there  are  Animals  which  have 
the  power  of  generating  cellulose,  like  plants,  and  which  store  it  up  in  their 
om  bodies.  The  only  Animal  tisiHue  to  which  the  non-azotized  compounds 
apparently  serve  as  the  appropriate  pa&?//'f?/i,  is  the  Adipose  or  fatty  :  there 
is  reason  to  believe,  however,  that  oleaginous  mutter  performs  a  most  im- 
portant part  in  the  incipient  stages  of  Animal  nutrition  ;  and  that  its  pre- 
sence is  not  less  essential  to  the  formation  of  cellsj  than  is  that  of  the  albu- 
minous matter  which  forms  their  chief  component.  If  such  be  the  case,  it 
is  not  surprising  that  oil  in  some  form,  or  substances  capable  of  conversion 
into  it,  should  be  such  universal  constituents  of  the  food  of  Animals. 

129.  Besides  servings  these  pnrposesi  however,  the  non-azotized  com- 
pounds have  a  most  important  use  in  warm-blooded  Animals ;  that  of  sup- 
porting the  respiratory  process,  and  thus  maintaining  the  temperature  of 
the  l*ody,  Ie  the  compouuda  of  the  Saccharine  group  (in  which  Starch  is 
iuclnded),  the  amount  of  oxygen  is  no  more  than  sulTicient  to  form  water 
with  the  hydrogen  of  the  substance ;  so  that  tlic  carbon  is  free  to  combine 

«i  the  okygcn  introduced  by  the  Inngs,  an<l  thus  l>ecomes  a  source  of 
rifying  power.  In  the  0%  matters  employed  as  food,  the  proportion 
ef  oxygen  is  far  smaller ;  so  that  they  contain  a  large  qtmntity  of  snrplua 
liydr*>gen,  a^  well  as  of  carbon,  ready  to  be  burned  off  in  the  system,  and 
lias  to  liupply  the  heat  required.  The  extraordinary  power  of  oleaginous 
sohstances  to  impart  heat  to  th?  system  by  tlie  combustive  procesSj  is  indi- 
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cated  by  the  experience  of  the  Human  inhabitants  of  frigid  zones,  who  feed 
upon  whales,  seals,  and  other  animals  loaded  with  fat,  and  who  deronr  this 
fat  with  avidity,  as  if  instinctively  guided  to  its  use.  It  is  through  the 
enormous  quantity  of  this  substance  taken  in  by  them,  that  they  are  enabled 
to  pass  a  large  part  of  the  year  in  a  temperature  below  that  of  our  coldest 
winter,  spending  a  great  portion  of  their  time  in  the  open  air ;  as  well  as  to 
sustain  the  extremes  of  cold,  to  which  they  are  occasionally  subjected.  And 
in  consequence  of  its  being  more  slowly  introduced  into  the  system  than 
most  other  substances,  a  larger  quantity  may  be  ingested  at  one  time,  with- 
out palling  the  appetite;  whilst  its  bland  and  non-irritating  character 
favors  its  being  retained  until  it  is  all  absorbed.  In  this  manner,  the  Es- 
quimaux and  Greenlanders  are  enabled  to  consume  20  or  80  pounds  of 
blubber  at  a  meal ;  and,  when  thus  supplied,  can  pass  several  days  without 
food. — On  the  other  hand,  among  the  inhabitants  of  warm  climates,  there 
is  comparatively  little  disposition  to  the  use  of  oily  matter  as  food ;  and 
the  quantity  of  it  contained  in  most  articles  of  their  diet  is  comparatively 
small. 

130.  The  greatest  economy  in  the  use  of  Aliment  is  therefore  exercised, 
when  the  diet  contains  a  sufficient  proportion  of  albuminous  substances  to 
repair  the  ^*  waste"  of  the  albuminous  and  gelatinous  tissues ;  and  a  suffi- 
cient amount  of  non-azotized  compounds,  to  develop  (with  the  aid  of  other 
processes)  the  requisite  amount  of  heat  by  combination  with  oxygen.  Now 
in  the  Milk,  which  is  the  sole  nutriment  of  young  Mammalia  daring  the 
period  immediately  succeeding  their  birth,  we  usually  find  an  admixture  of 
albuminous,  saccharine,  and  oleaginous  substances ;  which  seems  to  indicate 
the  intention  of  the  Creator,  that  all  these  should  be  employed  as  compo- 
nents of  the  ordinary  diet.  The  Caseine,  or  cheesy  matter,  is  an  albumin- 
ous compound ;  the  Butyrine  of  butter  is  but  a  slight  modification  of  the 
ordinary  fats ;  and  the  Sugar  differs  from  that  in  common  use,  only  by  its 
larger  proportion  of  water.  The  relative  amount  of  these  ingredients  in 
the  milk  of  different  animals,  is  subject,  as  we  shall  hereafter  see,  to  con- 
siderable variation ;  but  they  are  constantly  present  in  the  milk  of  the  Her- 
bivorous Mammalia,  and  of  those  which,  like  Man,  subsist  upon  a  mixed 
diet.  It  has  been  recently  found,  however,  that  the  milk  of  the  purely 
Carnivorous  animals  is  destitute  of  Sugar,  consisting,  like  their  food,  of 
albuminous  compounds  and  fatty  matter  only ;  though  even  their  milk  is 
found  to  contain  sugar,  when  saccharine  or  farinaceous  compounds  have 
formed  part  of  their  diet. — No  fact  in  Dietetics  is  better  established,  than 
the  impossibility  of  long  sustaining  health,  or  even  life,  upon  any  single 
alimentary  principle.  Neither  pure  albumen  or  fibrine,  gelatine  or  gum, 
sugar  or  starch,  oil  or  fat,  taken  alone  for  any  length  of  time,  can  serve  for 
the  duo  nutrition  of  the  body.  This  is  partly  due,  so  far  as  the  non-azotized 
compounds  are  concerned,  to  their  incapability  of  supplying  the  waste  of 
the  albuminous  tissues.  But  this  reason  does  not  apply  to  the  albuminous 
compounds ;  which  can  not  only  serve  for  the  reparation  of  the  body,  but 
can  also  afford  the  carbon  and  hydrogen  requisite  for  the  sustenance  of  its 
temperature.  The  real  cause  is  to  be  found  (partly  at  least)  in  the  fkct, 
that  the  continued  use  of  single  alimentary  substances  excites  such  a  feeling 
of  disgust,  that  the  animals  experimented  on  seem  at  last  to  prefer  the 
endurance  of  starvation,  to  the  ingestion  of  them.  Consequently  it  is  quite 
impossible  to  ascertain,  by  such  experiments,  the  nutritive  power  of  the 
different  alimentary  principles;  no  animal  being  capable  of  sustaining  life 
upon  l^ss  than  two  of  them.  The  same  disgust  is  experienced  by  Man, 
when  too  long  confined  to  any  article  of  diet  which  is  very  simple  in  its 
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composition^  and  a  crsving  for  change  is  then  experienced,  wliich  the 
Btronjrest  ivill  is  scarcely  able  to  rcBist,  The  natural  cornhmntimu  in  wliich 
the  alimentary  substances  present  themselves,  appear  to  be  those  which  are 
best  adapted  for  the  hcallliful  imtritioa  of  the  animal  body, 

ISl,  The  Orf^anic  Compounds,  which  have  been  enumerated  as  supply- 
ing the  Yarions  wants  of  the  Fvstcm,  would  be  totally  useless  withont  tbe 
admixture  of  certain  luorganic  substftnces  which  nlso  form  a  constltnent 
part  of  the  bodily  frame,  and  which  arc  constantly  bciog  voided  in  the  ex- 
cretions, especially  in  the  mine*  These  snbsta.nces  have  various  uses  in  the 
gystfoi-  Thus  common  Salt  (chloride  of  sodium)  appears  to  afford,  by  its 
deccnipodtion,  the //^f:^rrJcA/oW<;  am^  which  is  concerned  in  the  digestive 
process,  and  the  soda  which  is  an  important  constituent  of  the  bile.  Its 
presence  in  the  serum  of  the  blood,  also,  and  in  the  various  animal  fluids 
which  are  derived  from  this,  aids  in  keeping  in  solution  the  organic  con- 
itituents  of  these  fluids,  and  in  preventing  their  decomposition.^ — The  Car- 
himatts  and  Bmic  Phosphates  of  Potass  and  Soda  are  most  important  con- 
stituents of  the  blood ;  and  potass  is  also  an  essential  component  of  mnscttlar 
tissue, — Phmphoru$  seems  to  be  chiefly  requisite  as  one  of  the  materials  of 
the  nervous  tissue ;  and  also,  when  acidiiied  by  oxygen  and  tmitcd  with 
lime,  forms  the  bone-earth  by  which  bone  is  consolidated.— t9?///)/iwr  exists 
in  small  quantities  in  several  animal  tissues;  but  its  part  appears  to  be  by 
BO  meanii  so  important  as  that  performed  by  phosphorus. — Item  is  an  essen- 
"  constituent  of  ha^matine  ^  and  is  consequently  required  for  the  prodnc- 
ion  of  the  red  corpuscles  of  the  blood  m  Vertebrated  animals,^ — Lime  is 
quired  for  the  consolidation  of  the  bones  of  Yertebrata,  and  for  the  shells 
tnd  other  bard  parts  that  form  the  skeletons  of  the  Invertehrata  \  and  it 
exists  in  the  aaitnal  body  in  combination  either  with  carbonic  or  with  phos- 
phoric acid.  The  CJnrbonate  would  seem  principally  destined  to  mechani- 
cal uses  only ;  and  we  find  it  predominating,  or  existing  as  the  sole  mineral 
ingredient,  in  those  u  on*  vascular  tissues  of  the  In  vertebrated  animals,  which 
give  support  and  protection  to  their  soft  parts.  The  amount  of  production 
these  tissues  depends  in  great  part  upon  the  supply  of  carbonate  of  lime 
Uich  the  animals  receive.  Thus  the  MoUnsca  which  inhabit  the  sea,  find 
ita  waters  the  proportion  of  that  substance  which  they  require  )  but  those 
hich  dwell  in  streams  and  fresh-water  lakes  that  contain  but  a  small  quan- 
tity of  lime,  form  very  thin  shells;  whilst  the  very  same  species  inhabiting 
"  kcs,  which  from  peculiar  local  causes,  contain  a  large  impregnation  of 
ilenreotts  matter,  form  shells  of  remarkable  thickness.  The  Crustacea, 
hich  periodically  throw*  off  their  calcareous  envelop,  are  enabled  to  re- 
vf  St  with  rapidity,  by  the  appropriation  of  a  store  of  material  previously 
id  up  in  the  coats  of  the  stomach-  The  large  amount  of  carbonate  of 
me  which  is  required  by  the  laying  Hen,  is  derived  from  chalk,  mortar,  or 
her  substances  containing  it,  which  she  is  impelled  by  her  instinct  to  eat; 
d  if  the  supply  of  these  be  withheld,  the  eggs  which  she  deposits  are  soft 
their  exterior,  having  the  fibrous  element  of  the  shell  nnconsolidated  by 
y  ititervening  deposit  of  calcareous  particles. 

132.  These  substances  are  contained,  more  or  less  abundantly,  in  most 
if  the  articles  generally  used  as  food  ;  and  where  they  are  deficient,  the 
imol  suffers  in  cousequence,  if  they  be  not  supplied  m  any  other  way, — 
ommon  Sah  exists,  in  no  inconsiderable  amount,  in  the  flesh  and  fluids  of 
imnJs,  in  milk,  and  in  the  substance  of  the  ^^^\  it  is  not  bo  abundant, 
wever,  id  Plants ;  and  the  deficiency  is  usually  supplied  to  herbivorous 
imals  from  extraneons  sources.  Thus,  salt  is  purposely  mingled  with  the 
lod  of  domesticated  animals ;  and  in  most  parts  of  the  world  inhabited  by 
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wild  cattle,  there  are  spots  (sach  as  the  ''  baffalo-lieks"  of  North  America) 
where  it  exists  in  the  soil,  and  to  which  they  resort  to  obtain  it — ^The 
Alkaline  Bases  are  supplied  both  by  Vegetable  and  by  Animal  food ;  what 
is  drawn  from  the  former,  however,  is  nsnally  combined  with  some  organic 
acid,  which  is  decomposed  within  the  animal  body ;  where  also  is  generated, 
by  the  oxidation  of  phosphorus,  the  phosphoric  acid  that  is  found  in  com- 
bination with  them. — Phosphorus  exists  also,  in  combination  with  albumin- 
ous compounds,  in  all  animal  substances  composed  of  these ;  and  in  the 
state  of  phosphate,  combined  with  lime,  magnesia,  and  soda,  in  many  sub- 
stances, both  vegetable  and  animal,  ordinarily  used  as  food. — Sulfur  is 
found  in  union  with  albuminous  compounds,  in  flesh,  eggs,  and  milk ;  also 
in  several  vegetable  substances ;  and,  in  the  form  of  sulphate  of  lime,  in 
most  of  the  river  and  spring  water  used  as  drink. — Iron,  also,  is  very  gene- 
rally diffused,  in  small  quantity,  through  the  tissues  of  plants ;  but  it  exists 
in  much  larger  proportion  in  the  flesh,  and  more  particularly  in  the  blood, 
of  animals ;  and  it  appears  from  comparative  analyses  of  the  blood  of  Car- 
nivorous and  Herbivorous  Mammals,  that  the  proportion  of  red  corpuscles, 
and  consequently  of  iron,  is  greatest  in  the  former ;  which  circumstance 
seems  partly  attributable  to  the  nature  of  their  diet. — Lime  is  one  of  the 
most  universally  diffused  of  all  mineral  bodies ;  for  there  are  very  few  Ani- 
mal or  Vegetable  substances,  in  which  it  does  not  exist.  The  principal 
forms  in  which  it  is  an  element  of  Animal  nutrition,  are  the  carbonate  and 
phosphate.  Both  these  are  found  in  the  ashes  of  the  grasses,  and  of  other 
plants  used  as  food ;  the  phosphate  of  lime  being  particularly  abundant  in 
the  corn-grains.  Phosphate  of  lime  unites  readily  with  albumen,  caseine, 
&c. ;  and  a  large  quantity  of  it  is  contained  in  the  milk  of  the  Mammal, 
and  in  the  egg  of  the  Bird. 

133.  The  dependence  of  Animal  life  upon  a  constant  supply  of  aliment, 
is  more  close  in  some  cases  than  in  others.  As  a  general  rule  it  is  the  most 
immediate,  when  the  vital  processes,  particularly  those  of  Nutrition,  are 
being  most  actively  performed.  Thus,  we  find  that  young  animals  are 
never  able  to  bear  the  deprivation  of  food  to  the  same  extent  with  older 
ones  of  the  same  species;  and  that  the  warm-blooded  Vertebratap— viz. 
Mammals  and  Birds — arc  usually  less  capable  of  abstinence  than  Reptiles 
and  Fishes.  Even  of  the  first  of  these  classes,  however,  many  species  pass 
several  months  without  eating,  during  the  state  of  hybernation ;  whilst 
among  many  cold-blooded  animals,  the  period  of  abstinence  from  food  may 
be  indefinitely  prolonged,  under  the  influence  of  those  agencies  which  keep 
them  in  a  state  of  complete  torpidity  or  ''  dormant  vitality.''  (See  Qeneral 
Physiology). — ^When  we  carry  our  inquiries  further,  however,  it  becomes 
difficult  to  give  any  general  explanation  of  the  varieties  which  we  meet  with 
in  this  respect,  among  the  different  species  of  animals.  Thus,  it  has  been 
observed  by  Flourens  and  Dugfes,*  that  the  Mole  perishes,  when  in  a  state 
of  confinement,  if  not  fed  every  day,  or  even  more  than  once  a  day ;  whilst 
the  Dog  has  lived  without  food  for  36  days,  the  Antelope  and  the  Wild  Cat 
for  20,  and  the  Eagle  for  five  weeks.  It  is  in  Reptiles,  that  the  power  of 
abstinence  appears  to  exist  to  the  greatest  extent  among  Vertebrata.  Put- 
ting aside  those  cases  in  which  the  natural  period  of  torpidity  has  been 
artificially  extended,  we  find  numerous  instances  in  which  these  beings  have 
performed  all  the  functions  of  life  for  many  months  together,  without  the 
ingestion  of  food ;  Tortoises,  Lizards,  Serpents,  and  Batrachians  all  seem- 
ing to  agree  in  this  respect.     It  is  to  be  borne  in  mind,  however,  that  a 

I  ••Physiologic  Compardo,"  torn.  ii.  p.  288. 
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larj^e  supply  of  food  ig  frequently  ingested  nt  once  by  these  animals*  and* 
that,  owing  to  the  slowness  of  their  digestive  process,  the  iutrofl action  of 
the  aliment  into  the  system  is  protracted  over  a  very  long  period^ — as  is 
seen^  for  example,  in  the  case  of  the  Boa  cojufrtctor,  which  occupies  a 
month  in  the  digestion  of  a  single  nioal.  Little  is  known  reganhiig  the 
powers  of  abstinence  possessed  by  Fish  j  bnt  it  has  been  stated  thiit  some 
of  this  class,  such  as  the  Perch,  natarally  take  food  but  once  a  fortnight.'— 
It  is  perhaps  among  the  lascct  tribes,  that  we  find  the  power  of  sustaining 
ft  deprivation  of  aliment  the  most  remarkably  evideaecfl.  The  Scorpion 
has  been  known  to  endnre  an  al>stinence  of  three  months*  tiie  Spider  of 
twelve  months,  and  the  Searabmus  beetle  of  three  year^,  without  inconveni- 
ence or  loss  of  activity;  the  Melanoma ,  also  one  of  the  beetle  tribe^  has 
lived  for  seven  months  pinned  down  to  a  board.  We  notice  in  the  class 
of  Insects  a  very  striking  illustration  of  the  general  fact  already  stated,  re- 
specting the  difference  between  the  old  and  the  yonng  animal  of  the  same 
species.  The  Larva  is  not  only  extremely  voraciotisi,  but  is  nsually  incapa- 
bSc  of  sustaining  a  long  abstinence  i  whilst  in  many  tribes  the  Imago  never 
eats,  bnt  dies  as  soon  as  its  share  in  the  propagation  of  the  race  is  accom- 
plished.— From  what  h  known  regarding  the  power  of  abstinence  in  the 
Hollusca,  it  may  be  stated  generally,  that  they  are  not  capable  of  maintain- 
ing their  activity  if  not  frequently  supplied  with  food,  in  this  respect  corrc- 
sponding  with  the  larvoe  of  Insects  j  but  that,  when  reduced  to  a  state  of 
torpidity,  whether  by  cold  or  by  the  deprivation  of  food,  they  may  sustain 
life  withont  any  aliment  for  a  very  protracted  period. 

134,  Some  hare  attempted  to  show  that  Herbivorous  animals  are  more 
dependent  upon  a  constant  supply  of  food,  than  Carnivorous  species;  and 
that  domesticated  animals  less  easily  sustain  a  deprivation  of  it,  than  wild 
ones.  But  these  statements,  thoup^h  generally  true,  are  found  to  be  want- 
ing in  accuracy  when  applied  to  individual  cases.  It  would  proliably  be 
more  correct  to  state,  that,  in  proportion  to  the  facility  with  which  each 
species  usually  obtains  its  food,  will  be  the  directness  of  its  dependence 
upon  this,  and  its  inability  to  sustain  a  protracted  abstinence.  In  accord- 
ance with  this  principle,  we  observe  that,  though  vegetable -feeders  have  in 
genentl  their  food  within  reach,  and  are  very  dependent  upon  its  constant 
supply,  some,  as  the  Camel,  are  enabled  to  sustain  abstinence  better  than 
many  Carnivorous  species  ;  and  that  some  carniyorous  animals,  being  ena- 
bled  fr^m  the  nature  of  their  food  to  obtain  it  with  little  difficulty,  are 
comparatively  unable  to  bear  the  want  of  it.  On  the  same  principle  it  is 
evident  that  domestication  may  induce  a  change  in  the  character  of  the 
animal,  in  this  respect,  as  in  others,  by  causing  it  to  become  accustomed  to 
frequent  or  constant  supplies  of  food, — A  like  adaptation  may  be  found 
among  the  Larvee  of  Insects.  Those  which  feed  upon  vegetables  or  upon 
dead  animal  matter,  speedily  die  out  of  the  reach  of  their  aliment  j  whilst 
those  that  lie  in  wait  for  living  prey,  the  supply  of  which  is  uncertain,  are 
able  to  endure  a  protracted  abstinence,  even  to  the  extent  of  ten  weeks, 
witbout  injur)%* 
^^135>  The  general  facts  which  appear  to  have  been  substantiated,  in 

'  Golil-fijih  liflve  been  known  to  live  and  thriTC  in  smaU  Teasel  a  of  wnter,  without  any 
perceptible  natritnent,  for  two  or  three  yenrs.  But,  if  they  be  not  fed  in  iniy  other  wiiy^ 
it  is  r*qiiifiit6  that  the  water  they  inhabit  should  be  frequently  cbftngedi  nnd  the  minute 
^UAntity  of  organic  matter  which  it  holds  Id  solution^  is  prob&hly  Uie  source  of  their 
ftliiaent. 

«  Uicordfiircp  "  Entomalogic,"  torn.  il.  p.  152. 
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egard  to  the  mode  in  which  the  Animal  body  is  sustained  by  Food,  may 
je  thas  summed  np : — 

I.  The  waste  of  the  tissues  of  which  Albumen  or  Gelatine  is  the  basis, 
must  be  supplied  by  Albuminous  compounds,  whether  these  be  derired  from 
the  Animal  or  from  the  Vegetable  kingdom;  the  amount  of  this  "waste," 
and  consequently  the  demand  for  albuminous  aliment,  depends  essentially 
npon  the  degree  of  vital  activity  which  has  been  put  forth,  and  especially 
upon  the  exercise  of  the  nervo-muscular  apparatus ;  and  therefore,  oBterit 
paribus,  it  is  CTcater  in  cold-blooded  animals  in  proportion  to  the  elevation 
of  the  external  temperature. 

n.  The  materials  of  the  Adipose  tissue,  and  the  oleaginous  particles 
which  seem  requisite  in  the  formative  operations  of  the  system  generally, 
are  derived  in  the  Carnivorous  races,  from  the  fatty  substances  which  the 
bodies  of  their  victims  may  contain ;  whilst  the  Herbivorous  not  only  find 
them  in  the  oleaginous  state  in  their  food,  but  have  the  power  of  producing 
them  by  the  conversion  of  farinaceous  and  saccharine  matters. 

III.  The  foregoing  statements  are  applicable  to  all  tribes  of  Animals, 
"  cohl-blooded"  as  well  as  *'  warm-blooded ;"  we  have  now  to  consider  the 
special  case  of  the  latter. — In  the  Carnivorous  tribes  the  "  waste"  of  the 
tiHHucH  is  HO  great,  in  consequence  of  the  restless  activity  which  is  habitual 
to  tlifirii,  that  it  appears  to  furnish  a  large  proportion  of  the  combustible 
material  n*(|uired  for  the  maintenance  of  their  proper  temperature.  The 
remainder  is  made  up  by  the  fat  of  the  animals  upon  which  they  feed ;  and 
it  is  to  be  observed  that  the  amount  of  this  is  much  greater  in  the  bodies 
of  animals  inhabiting  the  colder  regions  of  the  globe,  than  in  the  inhabit- 
ants of  tropical  climates. — In  the  Herbivorous  tribes,  the  case  is  different 
They  are,  for  the  most  part,  much  less  active ;  and  the  "  waste"  of  their 
tissues  consequently  takes  place  in  a  less  rapid  manner,  and  is  &r  from  sup 
plying  an  adequate  amount  of  combustible  material,  especially  in  cold  cli- 
mates. Their  heat  is  in  great  part  sustained  by  the  combustion  of  the 
saccharine  and  oleaginous  elements  of  their  food,  which  are  appropriated 
to  this  purpose  without  having  ever  formed  part  of  the  living  tissues ;  and 
the  demand  for  these  will  be  larger  in  proportion  to  the  depression  of  the 
external  temperature,  a  greater  generation  of  caloric  being  then  required 
to  keep  up  the  heat  of  the  body  to  its  proper  standard. 

IV.  Hence  '^cold-blooded"  animals  can  usually  sustain  the  priyation  of 
food  longer  than  warm-blooded ;  and  this  more  especially  when  they  are 
kept  coolf  so  that  they  arc  made  to  live  slowly  ;  and  death,  when  at  last  it 
does  ensue,  is  consecjuent  upon  the  general  deficiency  of  nutrition.  On  the 
other  hand,  **  warm-blooded"  animals,  whose  temperature  is  uniformly  high, 
must  always  live  fast;  and  deprivation  of  food  is  fatal  to  them,  not  only 
by  preventing  the  due  renovation  of  their  tissues,  but  also  by  destroying 
their  power  of  sustaining  their  heat.  The  duration  of  life  under  these  cir- 
cunustances  depends  upon  the  amount  of  fat  previously  stored  np  in  the 
body,  and  upon  the  retardation  of  its  expenditure  by  external  warmth,  or 
by  the  inclosure  of  the  body  in  non-conducting  substances ;  and  there  is 
evidence  that,  if  this  be  duly  provided  for,  and  all  unnecessary  waste  by 
nervo-muscular  activity  be  prevented,  the  life  even  of  a  warm-blooded 
animal  may  sometimes  be  prolonged  for  many  weeks  without  food. 

3.  Ingestion  and  Preparation  of  Aliment  in  Plants. 

136.  Although,  as  already  explained,  the  Vegetable  world  as  a  whole  is 
supported  by  the  introduction  of  the  alimentary  materials  derived  from  the 
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Fig,  89. 


Earth  and  Air  iato  the  organisra,  without  aoj  preliminary  alteration,  yet 
there  are  parti cnlar  cases  in  which  ail aptat ions  of  structure  are  met  with , 
that  appear  to  be  subservient  to  the  reception  and  prei>aration  of  nutritive 
Materials ;  and  some  of  the&e  it  would  not  be  easy  to  exelude  from  any  defi- 

^'litiun  we  might  frame  of  a  "  stomach."  OoneaTitlcs  in  different  ]mrts  of 
tlie  surface,  fitted  for  the  collection  of  the  moisture  caught  from  rain  or  con- 
densed from  dew,  may  frequently  be  observed;  and  these  vary  in  the  com- 
plexity of  their  structure,  from  the  simple  depressions  in  the' leaves  of  the 
TiUamhta  (wild  pine  of  the  tropics)  or  of  the  IMpmcm  (teasel),  to  the 
extrnordinnry  asetdia  of  the  **  Pitcher-plants."  The  exact  method  in  which 
the  fluid  thus  obtained  is  applied  to  the  nutrition  of  the  plant,  ia  not  alwars 
evident.*  Soraetunes  the  channelled  leaves  seem  to  convey  it  to  the  roots, 
by  which  it  is  absorbed  in  the  usual  manner. 

In  the  Dwchidm  (Fig.  89),  on  the  other  hand,  the  fluid  collected  by  the 
pitchers  seems  destined  to  be  more  directly  appropriated  by  the  plant, 
through  an  abs orbing  apparatus  pro- 
Tided  for  that  purpose.  This  curious 
plant  grows  by  a  long  creeping  stalky 

j^ch  is  bare  of  leaves  until  near  its 

flfcimit;  and  m,  in  a  dry  tropical  at- 
mosphere, the  buds  at  tlie  top  would 
have  great  diflicnlty  in  obtaining  moist- 
ure  through  the  stem,  a  j^ntricient  sup- 
ply is  provided  by  the  pitchers,  which 

a^nre  up  the  fluid  collected  from  the 

^fasional  rains*  ''  The  cavity  of  the 
bag/' says  Dr.  Wallich,' '*  is  narrow, 
and  always  contains  a  dense  tuft  of 
radicles^  which  are  produced  from  the 
nearest  part  of  the  branch,  or  even 
fh>m  the  stalk  on  which  the  bag  is 
suspended,  and  which  enter  through 
the  inlet  by  one  or  two  common  Inin- 
dlea.  The  bags  generally  contain  a 
great  quantity  of  email  and  harmless 
bhw:k  ants,  most  of  which  find  a  wa- 
tery grave  in  the  turbid  fluid  which  fretiuently  half  fdls  the  cavity,  and  which 
seems  to  be  entirely  derived  from  without.  ^^  Tluig  it  would  seem  as  if  the  fail- 
are  of  the  ordinary  means  of  support  in  this  curious  Plant,  has  been  compeu- 
sited  by  the  addition  of  an  organ,  which  like  the  stomach  of  Animals,  serves 
as  a  receptacle  for  the  supplies  it  may  occasionally  obtain. — Aceoitling  to 
Mr-  Burnett,"  in  the  pitcher  of  the  JSarracema,  a  process  still  more  like  tlmt  of 
animal  digestion  goes  on ;  for  it  appears  that  the  fluid  it  contains  is  very 
atlrartive  to  insects,  which,  having  reached  its  surface,  ai-e  prevented  from 
returning  by  the  direction  of  the  long  bristles  that  line  the  cavity.  The 
bodies  of  those  which  arc  droi^iied  seem,  in  decaying,  to  aS'ord  a  supply  of 
nutriment  that  is  favorable  to  the  growth  of  the  plant ;  like  the  similar  pro- 

i  It  is  Jifficult  to  asocrtam  lioir  much  of  tlie  flaid  wltich  the  pitcher  of  the  lifpmthet 
ur  **  Chinese  pitch er-plaut-*  coutaips,  iH  coneotad  frotn  tho  iittuoj^phere  by  the  dowoj 
hiir*  that  Hne  its  interior,  an  J  how  much  la  seerete<l  bj  the  plaint  itaelf ;  nnd  it  U  cer- 
tain that  the  youpg  pitcher  contains  fluid  secreted  from  an  orj^au  within  it,  bcf«pro^ta 
lid  6rst  opens. 

•  **  Pkntfi?  Aftlfttic!ie  KaHorcs,"  toL  ii.  p.  35. 

*  **  Brande^s  Quarterly  Juarnal  of  Science,'*  toI.  ti. 


Pitcltere  of  Dittkidin  JlttJ^cninttf*,  Urith 
tunji  of  ru(4l«t»  pnobnged  fmrn  ntighhor- 
ing  bratichea;  a,  pUcher  cut  opca^  to  show 
the  rnmificu.tion  of  the  rootkti  in  Iti  iate- 
rior. 
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cess  on  the  leaves  of  the  well-known  Dioncea  muscipula  (Venus's  fly  trap), 
to  the  health  of  which  a  supply  of  animal  food  appears  to  be  essential. — 
Although  such  instances  as  these  may  seem  to  contradict  the  general  state- 
ment, that  Plants  derive  the  materials  of  their  nutrition  from  the  inorganic 
world,  yet  they  probably  do  so  more  in  appearance  than  in  reality.  In  all 
cases  where  previously  organized  matter  influences  their  growth,  it  seems 
to  do  so  only  whilst  in  a  decomposing  state,  during  which  it  is  separated 
into  its  ultimate  elements  or  into  very  simple  combinations  of  them.  In 
Animal  digestion,  on  the  contrary,  the  proximate  principles  contained  in 
the  food  appear  to  be  immediately  subservient  to  the  formation  of  others  of 
a  higher  order ;  and  whatever  tendency  to  disunion  their  elements  might 
have  previously  manifested,  this  is  immediately  checked  by  the  antiseptic 
qualities  of  the  gastric  fluid. 

4.  Ingestion  and  Preparation  of  Aliment  in  Animals, 

13T.  In  considering  the  various  organs  which  Animals  possess  for  the 
ingestion  and  digestion  of  their  food,  it  is  right  to  take  notice,  in  the  first 
instance,  of  those  cases  in  which  there  appears  to  be  an  absence  of  that 
provision  for  its  reception,  which  is  on  the  whole  so  characteristic  of  the 
beings  included  within  the  limits  of  this  kingdom. — ^There  are  several  ex- 
amples, even  amongst  animals  of  high  organization,  in  which,  during  the 
last  stage  of  their  evolution,  there  is  an  entire  absence  of  any  power  of  re- 
ceiving nourishment  into  the  system.  These  are  principally  met  with  in 
the  class  of  Insects;  among  which  there  are  many  that  take  no  food  in  their 
perfect  or  Imago  state,  the  duration  of  this  being  very  short,  and  serv- 
ing merely  for  the  performance  of  the  reproductive  act.  In  some  of  these 
cases,  the  mouth  appears  to  be  actually  closed,  although  the  digestiye  appa- 
ratus remains,  but  in  an  atrophied  condition :  in  all,  however,  the  appro- 
priation of  food  has  been  actively  performed  during  a  previous  stage  of  the 
animal's  existence.  But  an  animal  has  been  recently  discovered,  which 
takes  in  no  nutriment,  from  the  time  of  its  quitting  the  egg,  nntil  its  death, 
and  which  does  not  possess  either  oral  orifice  or  digestive  cavity ;  this  is 
the  male  of  the  curious  Notommata  described  by  Mr.  Dalrymple,*  which, 
being  entirely  incapable  of  deriving  support  from  the  nutriment  upon  Which 
the  female  subsists,  has  no  apparent  means  of  increase  or  maintenance,  after 
it  has  exhausted  the  store  prepared  for  it  in  the  egg ;  and  it  is  probable 
that  the  duration  of  its  life  is  extremely  limited,  and  that  it  ceases  to  exist 
soon  after  it  has  performed  its  part  in  the  reproductive  function. — Such  in- 
stances are  not  really  so  exceptional  as  they  at  first  sight  appear;  we  have 
now  to  consider  those  cases,  in  which  the  growth  and  development  of  be- 
ings included  in  the  Animal  kingdom  takes  place  at  the  expense  of  alimeit 
appropriated  by  themselves ;  and  in  which  there  is,  nevertheless,  no  sem- 
blance of  a  digestive  cavity  for  its  reception. 

138.  Agastric  Animals. — The  only  Animals  which  can  be  properly  said 
to  be  nourished  by  imbibition  solely,  without  some  previous  operation  of  a 
digestive  character,  are  the  Cestoid  Entozoa  (Tapeworm,  Ac.) ;  which  ac- 
cording to  the  most  recent  and  accurate  researches,  are  not  only  unpossessed 
of  a  mouth,  but  also  of  anything  equivalent  to  a  gastric  cavity  or  intestinal 
tube." — These  creatures  are  supported  by  the  juices  of  the  animals  which 
• 

»  «*  Philosophical  Transactions,"  1849,  p.  831. 

"  See  Van  Beneden's  Memoir  "Les  Vers  Cestoidcs,"  Brussels,  1850;  and  Siebold 
**Uber  den  Qeneration's-wechsel  der  Cestoden"  in  **  Siebold  and  KdlUker*8  Zeitaohrift,*' 
1850. 
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thej  infest;  and  as  the  softness  of  their  bodies  fits  them  to  imbibe  these 
throagh  their  whole  external  surface,  no  more  special  organization  appears 
to  be  necessary.  The  transition  from  these  to  the  nnicellnlar  Protozoa  is 
made  bj  the  carious  Gregarina,^  the  simplest  Entozoon  known ;  being  a 
single  cell,  usnallj  more  or  less  orate  in  form,  sometimes  considerably  elon- 
gated, witli  a  beak  or  proboscis  (often  famished  with  a  circular  row  of 
hooklet8)projectlng  from  one  extremity. 

139.  Vniceiltilar  Animals. — The  condition  of  those  simple  Protozoa  in 
which  every  cell  is  an  independent  "  zooid,"  in  regard  to  their  mode  of  re- 
ceiving and  appropriating  food,  is  so  peculiar  as  to  require  special  notice. 
Altbongh  they  are  destitute  of  any  proper  digestive  cavity  for  the  reception 
of  aliment,  the  particles  from  which  they  derive  their  nutriment  are  never- 
theless introduced  into  the  very  midst  of  their  own  substance ;  and  are  sub- 
jected there  to  an  operation  that  is  not  less  truly  digestive,  than  that  which 
is  performed  within  a  regular  stomach.  This  is  effected  in  one  of  two 
modes:  either  by  the  passage  of  the  food  from  the  exterior  to  the  interior 
at  any  point  indiscriminately;  or  by  its  admission  through  a  definite  and 
constant  opening  in  the  cell-wall,  which  may  be  considered  as  a  mouth. — 
Of  the  former  method  we  have  a  characteristic  example  in  the  Actinophrys, 
whose  vital  economy  has  been  attentively  studied  by  Prof.  Eblliker.*  This 
animal  consists  of  a  homogeneous  jelly-like,  contractile  substance,  very  soft 
and  delicate  in  its  consistence;  it  has  no  distinct  enveloping  membrane,  and 
does  not  present  the  slightest  trace  of  mouth,  stomach,  intestine,  or  anus. 
nironghoat  this  snbstance,  but  more  particularly  near  its  surface,  there  are 
observed  vcusuoUs  or  spaces  occupied  only  by  fluid ;  these  have  no  definite 
boundaries,  and  may  be  easily  made  artificially  either  to  coalesce  into  larger 
ones,  or  to  snbdivide  into  smaller.  The  outer  layer  extends  itself  into  con- 
tractile tentacular  filaments  (pseudopodia),  whose  substance  is  the  same  as 
that  of  the  rest  of  the  body,  only  differing  from  it  in  having  no  vacuoles. 
Notwithstanding  the  simplicity  of  its  structure,  this  creature  feeds  not 
merely  npon  minute  Algse,  but  even  upon  active  Animalcules,  the  young  of 
Crostaceans,  &c. ;  any  of  these,  when  they  happen  to  come  in  contact  with 
one  of  the  tentacular  filaments,  being  usually  retained  by  adhesion  to  it. 
▲s  this  filament  shortens  itself,  all  the  surrounding  filaments  apply  thcm- 
idves  to  the  captive  particle,  bending  their  points  together  so  that  it  grad- 
ually becomes  inclosed,  and  gradually  shortening  so  as  at  last  to  bring  the 
prey  close  to  the  surface  of  the  body.  The  spot  with  which  it  is  brought 
into  contact,  then  slowly  retracts,  and  forms  at  first  a  shallow  depression, 
gxadnally  becoming  deeper  and  deeper,  into  which  the  prey  sinks,  little  by 
ittle ;  for  some  time,  however,  continuing  to  project  from  the  surface.  The 
iepression  at  last  assumes  a  flask-like  form,  by  the  drawing  in  of  its  mar- 
B^in ;  and  finally  its  edges  close  together,  and  the  prey  is  entirely  shut  in. 
iliis  g^radoaily  passes  towards  the  central  part  of  the  body,  where  its  solu- 
ble parts  are  dissolved;  whilst,  in  the  mean  time,  the  external  portion  of  the 
tiody  recovers  its  pristine  condition.  Any  indigestible  residue,  as  the  shell 
)f  a  Crustacean,  or  the  case  of  a  Rotifer,  finds  it  way  to  the  surface  of  the 
3ody,  and  is  extruded  from  it,  by  a  process  which  is  precisely  the  converse 
>f  the  preceding.  Thus  a  mouth,  stomach,  and  anus,  are  formed  as  it  were 
sxtemporaneondy,  on  every  occasion  in  which  food  is  to  be  ingested ;  and 
shis  process  is  mainly  effected  by  the  contractility  of  the  soft  homogeneous 

>  See  KSlliknr,  in  Siebold  and  EoIliker*8  Zeitschrift,  Bd.  I.,  1848. 
•  •'Siebold  nnd  KSUiker's  Zeitschrift,"  Band.  I.,  p.  198;  translated  in  the  <*  Quarterly 
roarnal  of  Mioroscopical  Science,"  toI.  L,  p.  25. 
IS 
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tissuo  of  the  body.  The  number,  as  well  as  the  size,  of  the  particles  in- 
cUuKhI  by  the  Actinophrys  at  any  one  time,  is  very  yarions ;  frequently 
thoro  are  more  than  ten  or  twelve.^ — It  is  probable  that  the  Amaha  (Fig. 
:):0  and  the  Rhizopoda  in  general  obtain  their  food  by  a  very  similar  pro- 
ooss ;  since  particles  like  those  which  afford  nutriment  to  Actinophrys  are 
friHiueutly  perceived  to  be  (as  it  were)  imbedded  in  the  substance  of  their 
boilies ;  which  seem,  equally  with  it,  to  be  destitute  of  any  regalar  orifices 
of  entrance  or  exit,  or  any  uniform  definite  cavity. 

140.  Among  the  Infusory  Animalcules,  however,  we  find  individualized 
cells,  composed  of  the  same  kind  of  substance  with  the  Rhizopods,  receiv- 
ing aliment  into  their  interior  by  a  definite  oral  orifice ;  as  well  as,  in  many 
instances,  rejecting  indigestible  or  excrementitious  matters  through  an  antd 
outlet.  The  existence  of  an  orifice  directly  leading  into  the  cavity  of  the 
cell  which  constitutes  the  entire  body,  and  usually  surrounded  by  a  fringe 
of  cilia,  is  probably  to  be  regarded  as  the  special  character  of  this  class; 
distinguishing  it  alike  from  the  Vegetable  organism  which  have  so  strong 
a  superficial  resemblance  to  it,  and  from  the  Rhizopods  with  which  it  is  in 
other  respects  so  nearly  allied.  To  this  class  (which  was  made  by  him  to 
include  not  merely  the  Rhizopods,  but  also  a  large  number  of  Vegetable 
forms)  Prof.  Ehrenberg  gave  the  designation  of  Polygastrica^  as  express- 
ing what  he  considered  to  be  the  peculiar  feature  of  their  organization; 
namely,  the  presence  of  a  number  of  stomachal  cavities  in  the-  interior  of 
the  body,  usually  connected  together  by  an  intestinal  tube,  as  represented 
in  Fig.  90.  It  is  now  almost  universally  considered,  however,  among  un- 
prejudiced observers,  that  this  view  is  altogether  wrong ;  no  such  canal 
or  system  of  stomachs  being  proved  to  have  any  real  existence ;  and  the 
appearances  which  gave  rise  to  the  supposition,  being  capable  of  another 
and  a  far  more  self-consistent  explanation.  It  is  one  of  the  most  remarka- 
ble proofs  of  the  invalidity  of  Professor  Ehrenberg's  views  on  this  point, 
that  among  the  beings  which  he  most  confidently  described  and  figured  u 
possessing  definite  stomachs,  are  many  which  have  been  since  found  to  be 
undoubtedly  Plants ;  such,  for  example,  as  the  Volvox-monad,  Fig.  90,  i. 
The  truth  appears  to  be  simply,  that  the  bodies  of  these  animals  resemble 
those  of  Actinophrys  or  Amcsoaf  as  regards  the  nature  of  the  substance  of 
which  they  are  composed  (which  has  received  the  designation  of  Sarcode); 
the  principal  difference  being,  that  the  external  envelop  is  more  completely 
differentiated  from  its  contents ;  so  that,  being  prevented  by  its  superior 
firmness  from  making  their  way  to  the  interior  of  the  body  through  any 
point  of  its  parietes,  the  particles  of  aliment  find  a  definite  orifice  prepared 
for  their  reception.  Into  this  orifice  they  are  driven  by  the  action  of  the 
cilia  which  fringe  it  (Fig.  90,  b,  c,  e),  or  (more  rarely)  are  drawn  by  a  set 
of  prehensile  filaments  that  are  set  round  it  (g,  a)  ;  and  they  are  then  ad- 
mitted  to  the  general  cavity  of  the  body  (cell).  When  several  particles  of 
extreme  minuteness  are  thus  introduced  (such,  for  example,  as  fine  particles 
of  indigo  or  carmine  diffused  through  the  water  in  which  the  animalcnlei 
are  living),  they  seem  very  commonly  to  be  retained  in  a  little  globular 
cavity  immediately  within  the  mouth,  where  they  are  pressed  into  a  degree 
of  consistence  sufficient  to  hold  them  together  as  minute  pellets  that  take 
the  shape  of  their  mould.  When  a  pellet  has  been  thus  formed,  it  is  ex- 
pelled into  the  general  cavity  of  the  body,  and  the  formation  of  another 

1  The  process  above  described,  like  the  structare  of  the  animal,  was  altogether  mia- 
conceiTed  by  Prof.  Ehrenberg;  who  has  described  this  creature  as  possessing  a  regular 
mouth  and  anus,  and  a  multitude  of  stomachs. 
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globnlar  mass  commences.  As  one  after  another  is  thus  forced  in,  each,  as 
it  IB  introdaced,  pushes  on  the  rest;  and  a  kind  of  circulation  of  the  glo- 
bnlar pellets  is  thos  occasioned,  those  first  formed  making  their  escape  (e?ter 
yielding  up  their  nntritiYe  materials)  by  the  second  orifice.^  Sometimes, 
howeTery  the  body  ingested  may  be  of  far  larger  dimensions  than  the  glo- 
bular pellets  thns  formed,  one  Animalcule  being  occasionally  seen  to  swallow 
anoUier  nearly  as  large  as  itself — a  fact  which  seems  of  itself  almost  suffi- 
cient to  negatiye  the  "  polygastric"  hypothesis.  It  is  in  the  ingestion  of 
snch  bodies,  that  the  circlet  of  bristle-Hke  filaments  round  the  mouth  (de- 
signated by  Prof.  Ehrenberg  as  "teeth")  becomes  especially  useful ;  for 
they  first  expand  to  receive  the  morsel,  and  then  contract  behind  it,  so  as 
to  pnsh  it  onwards  into  the  orifice. 

Fig.  90. 


Polygm&trie  XnimaUulet  according  to  Ehrenberg:— A,  individual  monad  of  Voltfox  glohator, 
fhoviog  a,  the  inppoied  mouth;  6,6,  gastric  vesicles;  «,  f,  t,  contractile  vesicles;  rfPfr,  cords 
of  eoniManicataon ; — b,  individual  of  Vortieella  citrina ;  a,  the  stalk;  «,  contractile  vesicles; 
I,  iatcfltiiial  tabe; — c,  external  aspect  of  Encheli*  pupa  in  the  act  of  taking  food,  showing  a  the 
moadi,  mad  h  the  anal  orifice; — d,  supposed  digestive  apparatus  of  the  same  animalcule;  e,f, 
tiaUar  views  of  Ltneopkfyt patula;  o,  Chilodon  cueitllulu$;  showing  a  the  dental  apparatus; 
u,  I,  Parameeium  aurelia,  showing  a  the  mouth,  b  the  anus,  «  eontractile  vesicles. 

141.  The  transition  from  the  Unicellular  animals,  in  which,  however  great 
the  aggregation,  every  cell  repeats  the  rest,  to  those  higher  organisms  in 
which  the  parts  of  the  aggregate  mass  are  completely  differentiated  from 
each  other,  is  effected  (as  already  pointed  out,  §  35)  through  the  group  of 
Sponges ;  and  in  no  part  of  the  structure  is  this  transition  more  evident, 

>  See  Prof.  Meyen,  in  "Ann.  of  Nat  Hist,"  Vol.  III.,  pp.  100  and  170.  The  author 
it  able  to  confirm  Prof.  Meyen's  account  u  to  all  essenlj^id  particulars,  fh>m  his  own 
obeei  vations. 
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Fig.  91. 


than  it  is  in  the  provision  for  the  reception  of  food.  For  a  mass  of  Sponge 
may  be  regarded,  on  the  one  hand,  as  an  aggregation  of  Amoeba-like  eelk, 
each  one  living  for  and  by  itself,  but  all  being  held  together  by  a  common 
integnment,  and  supported  by  a  framework  which  all  participate  in  form- 
ing. Or,  on  the  other,  it  may  be  looked  at  as  a  whole,  and  the  attention 
chiefly  fixed  upon  the  system  of  canals  which  traverses  the  body,  and  upon 
the  circulation  of  fluid  that  goes  on  within  these,  by  the  agency  of  the  cilia 
with  which  they  are  lined.  These  canals  must  be  considered  as  altogether 
forming  an  alimentary  cavity,  which  is  so  extended  through  the  mass,  as  to 
supply  to  every  part  of  it  the  materials  of  its  growth ;  whilst  the  manner 
in  which  the  several  Sponge-cells  draw  their  aliment  from  the  circulating 
current,  finds  its  exact  parallel  in  tte  manner  in  which  the  individual  ceUs 
that  enter  into  the  composition  of  the  most  highly  organized  fabric,  nourish 
themselves  by  imbibition  from  the  fluid  that  bathes  iJ^eir  exterior  (§  166). 
142.  Polystome  Animals. — In  all  animals  whose  entire  bodies  are  re- 
peated by  the  process  of  gemmation  (§  34),  but  whose  digestive  cavities 
remain  in  connection  with  one  another,  the  en- 
trance to  each  division  of  the  stomach  is  properly 
to  be  accounted  a  distinct  month;  and  thus  the 
entire  composite  fabric  may  be  said  to  be  "poly- 
stome"  or  many-mouthed.  This  is  ^  the  case 
amongst  all  the  "  composite"  Zoopbyte§,  whether 
Ifydraform,  AcHniform,  or  Alcyonian  (§§  151 , 
152) :  and  by  that  early  form  of  the  spongoid 
basis  of  the  latter  (Fig.  91),  in  which  the  poly- 
pes are  not  yet  developed  at  the  extremities  of 
the  canals,  we  are  carried  back  to  the  true  Sponges, 
in  which  the  canals  never  become  furnished  with 
polypes.  It  is  equally  the  cose  among  the  Com- 
posite Acalephce,  whose  strange  forms,  it  is  now 
satisfactorily  determined,  are  the  result  of  a  pro- 
cess of  gemmation,  which  multiplies  the  entrances 
to  the  complex  digestive  cavity,  that  extends' con- 
tinuously (as  in  the  Hydroid  Zoophytes)  through 
all  the  parts  thus  produced.' — ^There  is  no  known 
instance  of  a  multiple  mouth  in  any  other  animals 
than  such  as  thus  acquire  a  composite  structure; 
for  the  RhizoBtoma  (Fig.  92)  does  not  constitute 
a  real  exception.  In  this  animal,  though  formed 
upon  the  general  plan  of  the  Meduse,  we  find,  in 
place  of  an  open  mouth  in  the  centre  of  its  eight 
tentacula,  the  tentacula  themselves  excavated  by 
canals,  which  communicate  with  the  single  cavity 
of  the  stomach,  and  which  ramify  and  subdivide,  until  their  finest  branches 


Portion  of  a  jonng  branch 
of  the  polypidom  of  Alcyo- 
nium  ttellcUum,  divided  longi- 
tndinally  to  f how  the  spongi- 
form  character  of  its  struc- 
tore;  a,  incipient  state  of 
jonng  polype. 


^  This  very  important  modification  of  the  Tiews  formerly  entertained  regftrdhig  tkt 
Phytograde,  Cirrhigrade,  and  Diphyd  Medusro,  has  been  brought  about  by  the  reaenrebei 
of  Mr.  T.  H.  Huxley,  communicated  to  the  Royal  and  Linniean  Societies  in  1840;  Iv 
those  of  Dr.  Rudolf  Leuokart,  published  in  *<Siebold  and  Kdlliker*s  Zeitschrift^"  1861, 
and  in  his  Monograph  of  the  Siphonophorss  in  his  <*Zoologische  UnterBudmngen," 
1858;  and  by  those  of  Prof.  K511iker  **Die  Schwimmpolypen  oder  Siphonophortn  voa 
Messina,'*  1868. — It  is  much  to  be  regretted  that  the  delay  in  the  publication  of  Mr. 
Huxley's  Memoir  on  the  PhysophoridsB  and  Diphydss,  on  the  part  of  the  Linn«aa  So- 
ciety, should  have  depriyed  him  of  the  credit  to  which  he  is  entitled,  as  the  originsl 
enunciator  of  the  correct  idea  %t  the  nature  of  those  perplexing  forms. 
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open  on  the  snrface  by  pores  that  are  too  email  to  allow  anj  save  very 
minute  Animalcules  to  enter. 

But,  as  Eiseohardt  has  shown,'  Fig.  92, 

the  Khizostoma  difers  from 
otbcr  aDimals  only  in  thb; 
that  its  mouth  (which  Is  realJy 
single)  does  not  open  directly 
outwards,  but  is  provided  with 
a  number  of  tubular  append- 
ages, whieii  extend  themseWes 
into  the  foliaceoue  expansions 
of  the  arms,  so  as  to  augment, 
as  much  as  possible,  the  num- 
ber of  points  throuf^b  which 
the  alimentary  particles  re- 
quired by  this  animal  may  bo 
absorbed.  —  Here^  then,  we 
bare  a  sort  of  transitional 
form  between  the  composite 
"polystome*'  Acalophs,  and 
those  *'monostorae"  tribes 
which  correspond  with  all 
higher  animals  in  possessing 
bat  a  single  external  entrance 
to  the  dij^estive  cavity* 

143,  Oral  Apparatus. — The 
relative  size  and  form  of  the 
single  oral  orifice  that  is  com- 
mon to  oil  other  animals,  differ 
Tery  greatly,  according  to  the 
nature  of  the  food  upon  which 
the  species  is  destined  to  lire. 
The  Invertebrate  division  con- 
tains many  groups,  that  are  supported  by  siielion  of  the  juices  of  higher 
animals  or  of  plants  j  and  in  them  we  usually  find  the  oral  orifice  narrowed 
and  sometimes  immensely  prolonged.  As  such  a  means  of  obtaining  food 
asQ&Uy  involves  the  necessity  of  locomotive  powers,  whereby  the  animal 
may  go  iu  search  of  it,  we  find,  as  might  be  expected,  that  it  is  most  com- 
mon  in  the  articulated  sub-kingdom ;  all  the  principa!  classes  of  which — 
Entozoa,  Annelida,  Insects,  Crustaceans,  and  Spiders — contain  groups  of 
greater  or  less  extent,  which  are  especially  adapted  for  obtaining  their  food 
by  suction.  The  Pycnogonidm  (Fig.  105)  present  a  characteristic  example 
of  the  most  simple  form  of  suctorial  mouth,  in  which  the  aperture  is  merely 
narrowed  and  somewhat  prolonged  f  but  the  most  remarkable  modifica- 
tions for  this  purpose  are  to  be  met  with  in  the  class  of  Insects,  especially 
in  the  Lepidoptcrom  and  Pipterom  orders.  Of  the  finrt-  of  these  groups, 
a  considerable  proportion  feed  upon  the  juices  of  flowers,  which  the  large 
expanse  of  their  wings  prevents  them  from  entering ;  and  their  long  hausU 
tSftjm,  which  is  coiled  up  beneath  the  head  when  not  in  use,  can  be  so  ex- 
tended as  to  suck  up  the  honey  from  the  bottom  of  a  deep  blossom,  while 


■>:/ 


■^^■^f^ 


Mhix>Hi>mft  injected  with  colored  flwld,  to  thow  the 

canlritl  fligaitiru  cjtvlty,  atsd  tbo  eiLtialt  bfrnnoliing  off 
from  it  to  rnOTify  in  tbe  hvm^  nnd  in  tho  disi. 


*  •*NiTr»  Acta  Leopold,"  torn.  i.  p,  392. 

'  Froni  the  litaations  In  which  theae  cretttures  are  comnionly  found,  the  Author  Tould 
infer  that  they  draw  their  nounahment  from  the  mucua  that  cot  era  the  aurface  of  &ttir 
weedi. 
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the  insect  rests  upon  its  outer  edge.  Of  the  latter,  however,  a  considera- 
ble proportion  feed  npon  the  juices  of  animals ;  but  there  are  some  that 
have  recourse  to  the  honeyed  exudations  of  flowers ;  and  among  these  the 
Nemestrina  hngirostris  (a  Dipterous  insect  of  the  Cape  of  Good  Hope) 
deserves  especial  mention,  the  length  of  its  proboscis  being  about  3  inches, 
whilst  that  of  its  body  is  only  about  8  lines;  so  that  it  is  enabled  to  feed 
upon  the  juices  of  a  flower  whose  tubular  corolla  equals  its  trunk  in  length. 
Many  animals  whose  mouths  are  adapted  for  auction,  possess  some  means 
of  attaching  themselves  to  the  spots  in  which  they  can  best  obtain  the  nu- 
triment they  require;  thus  we  find  the  Cystic  and  Cestoid  JBntozoa  very 
commonly  provided  with  a  set  of  booklets  on  their  heads;  the  Trematoda 
usually  have  the  mouth  surrounded  by  a  circular  sucker  (Fig.  100,  a) ;  the 
Suctorial  Annelida  have  not  merely  a  sucker  for  attachment,  but  bsx  incis- 
ing apparatus  for  making  incisions  into  the  bloodvessels  of  the  animals 
whose  juices  they  suck;  the  Suctorial  Crustacea  usually  have  a  sucker 
formed  by  the  peculiar  development  of  one  of  the  pairs  of  members,  whilst 
the  mouth  is  elongated  into  a  proboscis  armed  with  penetrating  instruments; 
and  the  Suctorial  Insects,  which  seldom  attach  themselves  permanently  in 
any  one  situation,  but  make  a  fresh  puncture  whenever  their  appetite  incites 
them  to  feed,  are  for  the  most  part  destitute  of  any  special  organs  of  adhe- 
sion, but  have  a  most  elaborate  set  of  instruments  for  incising  the  skin  of 
the  animals  they  attack. — ^The  Cyclostome  Fishes  (Fig.  146,  a)  are  the  only 
Yertebrated  animals,  which  present  any  similar  adaptation  to  a  suctorial 
mode  of  nutrition. 

144.  When  the  food  consists  of  solid  matters,  which  is  the  case  in  byfisff 
the  largest  proportion  of  the  Animal  kingdom,  we  find  the  entrance  to  the 
digestive  cavity  of  much  greater  proportionate  size ;  and  it  is  seldom  pro* 
longed  forwards,  but  far  more  frequently  has  somewhat  of  a  funnel  shape, 
so  that  the  aliment  may  be  more  readily  drawn  within  it.  The  means  by 
which  the  introduction  of  food  is  accomplished  are  extremely  various.  The 
simplest  plan  is  one  which  carries  us  back  to  the  type  of  the  Infosoria, 
although  it  presents  itself  in  a  much  more  elaborate  form.  Among  many 
aquatic  animals,  whose  food  consists  of  minute  particles  diffused  through 
the  water,  we  find  that  the  action  of  cilia,  situated  around  and  within  t£e 
entrance  of  the  alimentary  canal,  or  upon  organs  in  immediate  connection 
with  it,  whereby  a  current  of  water  may  be  driven  into  the  stomach,  is  the 
sole  means  by  which  aliment  is  introduced.  The  most  remarkable  examples 
of  entire  dependence  upon  this  agency  are  furnished  by  the  Acephaa>08 
Mollusks ;  for  in  the  Bryozoa  (Fig.  49)  the  polype-like  arms  are  unfitted 
for  prehension,  and  effect  the  introduction  of  alimentary  matter  solely  by 
the  ciliary  currents  they  produce ;  and  the  Tunicata  (Fig.  42),  Brachiopoda 
(§  138),  and  Lamellibranchiata  (Fig.  43),  are  all  supplied  with  aliment  in 
a  manner  essentially  the  same.  Among  Radiated  animals,  recourse  seems 
less  frequently  had  to  this  plan,  which  is  obviously  one  that  is  unsuitable  to 
those  forms  of  the  digestive  cavity  that  have  but  a  single  orifice,  since  fhe 
requisite  current  could  not  be  effectually  maintained  through  such ;  bat 
among  the  Ciliograde  AcalephtB  (Fig.  101),  which  possess  an  anal  orifice, 
the  ciliary  action  appears  to  be  the  means  of  introducing  aliment,  as  wdl 
as  of  propelling  the  body  through  the  ocean.  In  the  Articulated  classes, 
too,  this  ciliary  action  is  seldom  the  means  of  introducing  aliment  into  the 
stomach ;  most  of  them  feeding  upon  solid  bodies  of  comparatively  large 
dimensions,  and  being  enabled  by  their  locomotive  powers  to  go  in  search 
of  their  food.  But  among  those  which  resemble  in  their  habits  of  life  the 
Molluscous  tribes  already  alluded  to,  we  find  the  same  method  of  obtaining 
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natriment ;  thus  it  appears  to  be  by  the  earrcnts  set  in  motion  by  the  cilia 
clothing  the  respiratory  tufts  which  are  seated  on  their  heads,  that  the  Ser- 
pula  and  their  allies  (Fig.  144)  draw  in  their  food ;  and  in  the  Rotifera 
(Fig.  96)  and  the  Cirrhipeda  (Fig.  4)  we  find  special  ciliated  organs  de- 
veloped, which  appear  subservient  both  to  the  purposes  of  respiration  and 
to  the  ingestion  of  aliment.  It  is  probable  that  the  Amphioxus  (Fig.  127) 
is  nourished  in  a  similar  manner ;  but  that  remarkable  animal  affords  the 
only  known  example  among  the  Vertebrata,  of  the  employment  of  ciliary 
action  for  this  purpose.  It  is  curious  to  observe,  however,  in  the  Green- 
land Whale,  a  mode  of  ingestion  which  is  essentially  the  same,  though 
accomplished  by  a  different  instrumentality ;  for  this  huge  animal  gulps 
enormous  volumes  of  water  into  its  capacious  mouth,  and  then  ejects  these 
through  its  blow-holes,  straining  out,  through  its  whale-bone  sieve,  the 
small  Medusae,  Pteropods,  Crustacea,  Fishes,  or  other  free-swimming  ma- 
rine animals,  which  the  water  may  contain ;  it  being  such  alone  that  it  is 
capable  of  swallowing. — The  foregoing  plan  is  one  that  seems  intermediate, 
in  regard  to  the  kind  of  nutriment  for  which  it  is  adapted,  between  the 
suctorial  method,  which  is  fitted  only  for  the  introduction  of  liquid  aliment, 
and  the  one  we  have  next  to  consider,  which  is  appropriate  to  the  ingestion 
of  solid  masses. 

145.  The  organs  with  which  the  Digestive  Apparatus  is  provided,  for 
tiie  introduction  of  solid  food  into  its  cavity,  vary  greatly  in  complexity  in 
the  different  tribes  of  animals  which  derive  their  subsistence  from  aliment 
of  this  kind.  Thus  we  shall  find  that  in  the  lowest  and  simplest  types,  these 
organs  are  in  immediate  connection  with  the  stomach;  but  that  they  are 
separated  from  it  in  the  higher  by  the  interposition  of  an  oral  apparatus, 
with  prehensile  appendages  for  laying  hold  of  the  food,  which  after  passing 
throngb  the  buccal  cavity,  is  drawn  downwards  into  the  stomach ;  and  that 
in  the  highest  of  all,  the  introduction  of  food 
into  the  mouth  is  itself  aided  by  accessory 
organs,  which  do  not  form  part  of  its  own 
organization.  Of  the  first  of  these  types,  we 
have  a  characteristic  example  in  the  Hydra 
(Fig.  34)y  the  entrance  to  whose  stomach 
is  surrounded  by  "tentacula,"  which  may  bo 
considered  as  representing  the  pharyngeal 
and  oesophageal  muscles  of  higher  animals. 
The  tentacula  of  the  Actinia  (Fig.  35)  corrc-       „^  .      .,    » 

BpoBd  With  these  in  character  and  in  mode  of  ^Z7:;T{^^:,'"."ir^'o'::x 
action ;  and  it  may  be  said  that  the  same  type    tcntncuia;  6,  Btomnch ;  c.  fi^stro. 

Iirevails  through  the  whole   class   of  Folypi-     va*culorcann]«.  having  the  ovarii, 
era.    The  3ftrft««  and  their  allies  are  formed    KmaV" 
upon  a  plan  which  must  be  considered  as 

essentially  similar,  the  four  tentacula  (Fig.  93,  a  a)  being  there,  also,  placed 
around  the  entrance  to  the  stomach ;  and  it  is  by  the  adhesion  of  the  edges 
of  these  tentacula,  that  the  "  proboscis"  is  formed  in  such  of  the  Pulmo- 
grade  Acalephss  as  possess  it.  It  is  interesting  to  observe  in  the  class  of 
Echifwdermaia,  a  gradual  transition  towards  a  more  elevated  type.  Thus 
in  the  Asterias  (Fig.  37),  which  has  no  oral  apparatus,  we  find  the  food 
0)t)ught  to  the  stomach,  not  by  tentacula,  but  by  the  flexion  of  the  lobes 
of  the  body,  commonly  known  as  their  **arms."  "Starfishes,"  says  Prof. 
E-  Forbes,*  "are  not  unfrequently  found  feeding  on  shell-fish  j  in  such  cases 

>  "  nistory  of  British  Echiaodcrmata,*'  p.  86. 
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they  enfold  their  prey  withia  their  arms,  and  seem  to  sock  it  out  of  its  sheD 
with  their  moatbs  pouting  out  the  lobes  of  the  stomach.  They  can  project 
the  central  parts  of  their  stomachs  in  the  manner  of  a  proboscb."  Whether 
the  toie  "arms*'  of  the  Onnoidta  (Figs.  9,  38)  and  of  Ophiunda  (Fig.  H\ 
mrwe  to  bring  food  to  the  stomach,  is  not  certainly  known ;  bnt  their  pod- 
tion  in  the  former  of  these  orders,  at  least,  would  lead  to  the  inference  that 
they  are  subservient  to  this  pnrpoac.  In  the  EcMmda  and  IltdaUturida, 
however,  we  End  that  the  entrance  to  the  alimentary  canal  is  no  longer  the 
entrance  to  the  stomach ;  but  tbat  the  fonner  becomes  a  tme  **  mouth /^  be- 
ing furnished  with  a  prehensile  apparatus  of  iU  own,  and  being  separated 
from  the  stomach  lij  the  interTenUon  of  the  oesophagus.     The  month  is 

proTided  in  the  typical  Ec- 
^^I*  9**  hinidn,  with  a  dental  appa- 

ratus (Fig,  95,  a),  which  is 
capable  of  being  projected 
beyond  the  oral  orifice; 
whilst  in  the  Iloloihurida 
(Fig.  94),  it  is  surrounded  by 
prehensile  tentacula,  which 
are  here  to  be  regarded  as 
Jb&fo/,  being  extensions  of 
the  lips,  rather  than  as  a 
divided  pharynx. — Tunung^ 
to  the  Articulated  series ,  we 
find  that  in  a  considenible 
proportion  of  the  Anndida^ 
the  month  is  furnished  with  powerfal  jaws,  sometimes  to  the  number  of  three 
pairs,  opening  laterally ;  or  with  a  proboscis  which  is  capable  of  being 
eTerted,  and  which  then  dispUjs  an  armature  of  teeth  on  iu  exterior  (Fig. 
5S,  B,  c).  In  the  MaHd%huai€  Insects,  and  In  the  greater  part  of  the  Cm- 
«fai-rtin  class,  we  find  the  jaws  highly  developed,  and  taking  the  pkce  of 
^ny  other  kind  of  apparatus ;  the  former  group  always  possesstng  two 
(lairs  of  these  organs,  which  open  laterally,  one  abore  and  the  other  belov 
the  oral  orifice  i  whilst  in  the  latter,  besides  the  regnlar  mandiblea  and 
maxUlie,  there  is  a  variable  number  of  feet-jaws  (§  5S). — In  the  high«r  part 
of  the  MoUuscons  series,  again,  the  month  is  usually  provided  with  jawi; 
these  animals  being  adapted  to  go  iu  search  of  their  food,  and  to  select  and 
divide  it  for  themselves.  In  many  of  the  Gaittropoda,  we  find  a  dagla 
pair  0f  homy jawR,  opening  laterally;  bnt  then  an  lerenil  whono  bocim 
appaimlna  miner  fonsuts  of  a  firolNwm-likt  orgas,  Miintwhal  rancaMing 
tlml  of  the  Annelida,  which  can  bt  emftidt  ud  which  then  dispkji  m  ail 
of  powfrfal  teeth,  adapted  to  abnde  wak^imam  of  even  shefly  hmneai* 
ThB  Oafcilflporfff,  on  the  other  hanitp  poneflB  a  pair  of  hem?  jaws  fiptunf 
f  aftiaa|7»  UCt  ikom  of  Teitebimta,— Itoo^hoiit  the  Tertehrated  airiai,  H 
k  alsoal  fn?arn%  hy  tht  aettoft  of  the  Java  and  tips,  thai  Ibod  is  ialnn 
daori  into  tha  momh;  Ite  aiclortal  O/dimpmi  already  iffcrred  to,  wd  tka 
Sjfm§mmMd^r  dt  "piy  iiliin,'*  wliii^  hmrn  tha  jawa  protoaf|«d  and  idlia> 
mat  lofether,  and  imidi  omoi  10  dmw  np  worms,  oaall  moUaBki^  aw' 
ifeaeeaat,  and  the  ova  of  olfar  iibes,  throofh  th«  tube  tlm  forned,  I 
the  only  ea»f!i  of  ef«a  paitU  ft^tsmm  to  iW  lower  type. 

I  If..  PfwUmtdit  Jf^tmtki^m. — Among  the  raotr  ekvated  fotma  of  dm 
Mdliucoas,  AitioaUed^  aad  Tectalmltd  aab-^iafdomi^  wo  &nd  a  apecial 
ptnfiiioa  for  tlie  pmimti'oa  of  Ibod,  by  omai  wlueli  hare  no  imaediale 
I  Umb  digaitiva  appan^is;  the  aluneat 
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Itiiin  reach  of  the  month  and  of  its  proper  appendages.    Some  approaclies 

I  inch  an  arrangement  present  themielTes  even  in  the  lower  Echinoder- 

1^  in  which  the  "  arms"  and  lobes  of  the  body  are  made  to  bring  the 

[food  to  the  entrance  of  the  stomach ;  and  in  the  Echrnida  it  seem b  not  im- 

r probable  that  the  spines  and  ^'cirrhi,"  especial! j  the  latter,  maj  be  occa- 

sionallj  used  in  siibserrience  to  the  ingestion  of  food,  as  well  as  in  locomo- 

tioD. — Of  the  higher  or  Cephaloas  group  of  MoUusca,  we  only  find  the 

Cepha1o|>oda  and  a  few  of  the  Pteropoda  to  be  provided  with  prehensile 

^pfieiidages.     The  little  CNt)  (Fig.  46,  c)  has  three  tentaenla  on  each  side 

oi  the  oral  orifice,  beset  with  an  immense  multitude  (estimated  at  about 

60,000  on  each)  of  minute  suekei^  ;  and  these  seem  to  prefigure  the  "arms." 

Of  such  **anns,*'  the  N&tttt/m  and  its  allies  possesses  about  a  hundred  ;  but 

Wing  short  iiud  uufuniisbed  willi  euckera,  they  are  not  nearly  so  efljcieut 

as  instruments  of  prelieusion,  as  are  the  eight  or  ten  acetabuJated  arms  of 

the  Sepia  and  its  allies  (Fig.  47).     These  arms,  although  resembling  the 

trntncTila  of  the  Polypes'  in  usca,  and  apparently  also  in  position,  are  not 

r  :nologous  with  them  (|  41);  nor  are  they  represented  (as  has  been 

i )  by  the  hbtal  teutacula  which  are  possessed  by  several  Fishes,  as 

V  many  of  the  inferior  Moll  asks. — In  most  of  those  higher  Artteu- 

U..  .  ,.  ,,.rh  possess  numerous  well -developed  members,  we  find  that  such  aa 

re  nearest  the  mouth  are  used  to  a  greater  or  less  extent  in  the  prehension 

'  food ;  and  that  in  many  instances  one  pair  is  specially  developed  for  this 

ase.     The  transition  from  the  general  to  the  Bpecial  form  of  the  pre- 

ben^lle  apparatus  is  well  seen  amon^  the  Decapod  Cnmiacea  (§  52)  \  in 

ome  of  which  (as  the  Cray-fish)  we  find  all  the  true  legs  of  nearly  equal 

tAi*^,  and  most  of  them  terminated  by  foreipated  appendages;  whilst  in 

ers  (as  the  Crab)  the  firsit  pair  are  enormously  developed  as  prehensile 

s,  sad  are  furnished  with  powerfnl  pincers,  whilst  the  remainder  are 

eted  to  locomotive  action. — In  the  VcHebrated  series,  it  would  appear 

limited  number  of  raemters,  and  the  neeessitj  for  employing  these 

^raotiont  [daced  a  greater  restriction  upon  the  use  of  them  as  pre- 

»ilc  organs.     Among  Fishes  and  Reptiles,  the  prehension  of  food  is 

nccomplished  by  the  jaws,  save  where  the  tongue  (as  in  the  Chame- 

eon)  \n  stibserrient  to  this  function.     In  Birds,  it  is  only  in  a  few  coses 

lie  foot  is  employed  for  this  purpose,  the  anterior  member  being  never 

led  in  subserviency  to  it,  and  the  tongue  (as  in  Reptiles)  being  the 

^nstrtiment  that  is  ever  specially  developed  as  a  prehensile  organ. 

J  Among  Mammals,  the  special  modification  of  the  anterior  extremities  for 

"  ension  u  limited  to  those  few  groups  in  which  they  are  comparatively 

I  needed  for  locomotion :  thus,  among  the  most  of  the  Ungulated  quad- 

'  the  power  of  standing  erect  upon  the  hind  legs,  as  the 

I  _  mde  Carnivora^  and  many  Marsupialia,  we  find  the  an- 

Klt^iur  cxtremiiici^  employed  to  clasp  objects  between  them;  in  the  Quadru- 

una,  the  preheM^iJe  power  is  exercised  by  a  single  extremity,  which  can 

LlKild  m\  idijeel  of  moderate  size  in  the  grasp  of  the  digits ;  but  it  is  in  Man 

riliij  (Ins  prehensile  power  is  carried  to  it^  fullest  extent,  by  the  peeuliarity 

mation  of  the  thumb,  which  brings  its  extremity  into  opposition 

■  of  each  of  the  fingers. — Some  of  the  Mammalia  whose  extremi- 

H»t  adapted  for  the  prehension  of  food»  are  furnished  with  other 

_ofL;  Tii>  iMf  the  purpose,  which  are  special  modifications  of  those  elsewhefe 

Tilt  ♦'Polyjrt"  of  the  aneiiMit?  was  the  Eight-nnned  Cuttle-fish  of  the  Mediterrm- 
lii;  and  il  w«  ttum  lli«ir  supt^rficiftl  restmhlimec  tu  IhU  cretUure,  thnt  the  dt'sigtin- 
f Ifoti  w&a  tt|ipll«d  to  tbc  beltig^  Qow  known  as  PolypeSi  when  their  Animal  nature  wju 
ftnt  iii«46  out 
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existing  under  the  ordinary  type ;  it  is  safficient  to  refer  to  the  proboscis 
of  the  Elephant,  the  prolonged  snout  of  the  Tapir,  the  prehensile  tongue 
of  the  Giraffe,  and  the  very  extensible  tongue  of  the  Ant-eater. 

147.  Thus,  between  the  simple  stomach  furnished  with  prehensile  tenta- 
cles, of  which  the  Hydra  consists,  and  the  complex  apparatus  for  the  pre- 
hension of  the  food  which  is  placed  in  front  (so  to  speak^  of  the  cardiac 
orifice  of  the  stomach  in  Man,  a  regular  graiidation  may  be  traced.  The 
tentacula  are  brought  together,  to  form  a  pharyngeal  tube ;  a  buccal  cayity 
is  placed  at  its  entrance ;  jaws  and  lips  are  developed  at  the  orifice  of  the 
buccal  cavity ;  and  external  members  are  developed  or  modified,  for  the 
purpose  of  bringing  the  food  within  their  reach.  Tet  the  development  of 
these  more  special  organs  does  not  supersede  the  necessity  of  those  more 
generally  diffused  through  the  Animd  kingdom.  Although  the  hand  of 
Man  brings  his  food  to  his  mouth,  yet  it  is  by  his  lips  and  jaws  that  his 
food  is  taken  into  its  cavity,  as  in  the  Herbivorous  Mammsdia;  and  not- 
withstanding that  the  muscular  apparatus  of  the  mouth  propels  the  food 
backwards  into  the  pharynx,  it  only  thereby  carries  it  within  reach  of  the 
pharyngeal  constrictors,  which  then  lay  hold  of  it  and  draw  it  into  the  oeso- 
phagus, by  the  muscles  of  which  it  is  carried  down  into  the  stomach,  pre- 
cisely as  by  the  tentacula  in  the  Hydra,  And  it  is  curious  to  observe,  that 
just  as  the  tentacula  of  the  Hydra  no  longer  make  any  attempts  to  grasp 
an  object  that  touches  them,  when  the  stomach  is  already  gorged  with  food, 
so  does  Man  experience  a  difficulty  in  the  act  of  swallowing  at  the  end  of 
a  full  meal,  which  seems  to  result  from  a  like  want  of  readiness  to  contract 
on  the  part  of  the  pharyngeal  constrictors. — ^In  the  progress  of  the  food 
along  the  alimentary  canal  of  higher  Animals,  we  may  observe  the  gradual 
removal  of  it  from  connection  with  the  functions  of  animal  life.  To  pro- 
cure it  in  the  first  instance,  is  one  important  office  of  these  functions ;  and 
the  highest  exercise  of  the  locomotive,  sensorial,  and  intellectual  powers  is 
often  required  for  this  purpose.  Its  introduction  into  the  mouth  is  an  act 
of  volition  in  Man ;  whilst  the  masticatory  movements  to  which  it  is  there 
subjected,  may  be  regarded  as  essentially  ''automatic"  in  their  character 
(though  capable  of  being  controlled  and  ejected  by  the  will),  and  as  closely 
corresponding  with  the  instinctive  actions  of  the  lower  animals.  The  act 
of  "deglutition"  or  swallowing,  is  of  a  purely  "reflex"  nature,  being  the 
result  of  a  nervous  influence  in  which  neither  the  will  nor  sensation  is  con- 
cerned ;  for  when  the  solid  or  fluid  contents  of  the  mouth  are  brought  in 
contact  with  the  surface  of  the  pharynx,  the  impression  made  upon  the 
nerve  distributed  on  it  is  transmitted  to  the  upper  part  of  the  spinal  cord; 
and  an  automatic  impulse  is  propagated  along  the  motor  fibrils,  by  which  the 
musdular  movements  requisite  for  the  action  of  swallowing  are  produced. 
A  similar  action  assists  the  propulsion  of  food  down  the  cesopbagus,  and 
the  movements  of  the  stomach  seem  to  be  in  part  excited  in  the  same  mao* 
ner ;  but  the  proper  fibres  of  the  oesophagus  itself  are  not  dependent  for 
their  power  of  action  upon  nervous  influence,  nor  are  those  of  the  stomach. 
Beyond  the  stomach,  the  connection  of  the  motions  of  the  alimentary  canal 
with  the  nervous  system  almost  wholly  ceases,  the  ordinary  peristaltic  move- 
ments of  the  intestines  appearing  to  depend  upon  the  stimulus  directly  ap- 
plied to  their  muscular  coat  by  l^e  contact  of  food ;  although  they  may  be 
in  some  degree  controlled  by  a  system  of  muscles  disposed  around  the  out- 
let of  the  canal,  which  are,  like  those  at  its  entrance,  partly  involuntary, 
and  partly  under  the  direction  and  restraint  of  the  will. — So,  in  descend- 
ing the  Animal  scale,  we  find  that  the  introduction  of  food  into  the  diges- 
tive cavity  is  first  removed  from  the  agency  of  the  intellect  and  will,  and 
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ied  for  bj  the  instincts  alone ;  this  is  probablj  the  case  in  CTen  the 
U Behest  Invertebrata,  and  likewise  in  the  lower  Vertebrata,  as  it  undoubt^ 
sdlj  18  in  the  iu  fa  at  Lie  ciindition  of  Man*  When  we  descend  to  2ooph)*tes, 
re  find  strong  reason  to  believe  that  the  movements  of  the  tentacuki^  by 
rhich  the  food  is  grasped  and  drawn  into  the  stomach,  are  not  merely  in- 
roluutary,  but  are  not  eTen  dependent  npon  sensittion ;  and  there  is  still 
rouger  reason  to  believe  that  such  ie  the  case,  in  tliose  inferior  Molluska 
which  the  supply  of  food  is  obtained  by  ciliary  cnrreats.  And  thus  we 
nay  perceive  a  regular  gradation  between  those  beings,  in  which  the  supply 
&f  food  has  been  made  (for  a  wise  purpose)  dependent  upon  the  highest 
tercise  of  the  functions  of  Animal  life,  and  those  in  which  the  operation 
as  purely  Organic  as  it  h  ia  Plants,  (See  Chap.  XII L) 
148.  Eeducing  Apparatus, — One  more  class  of  aecessory  organs  has  to 
noticed,  before  we  proceed  to  the  account  of  the  essential  part  of  the 
)igestive  apparatus,  and  of  the  operations  to  which  it  is  subservient.  In 
prder  that  solid  food  may  be  more  easily  dissolved  in  the  stomach,  it  is  fre- 
quently submitted  in  the  first  instance  to  a  process  of  mechanical  reduction 
^y  a  triturating  apparatus ;  and  either  at  the  same  time,  or  at  some  other, 
is  incorporated  with  a  Salivary  fluid,  the  admijiture  of  which  not  only 
enders  the  subsequent  process  of  solution  more  easy,  but  also  appears  to 
~fct  a  change  in  the  alimentary  matters  themselves.  It  is  in  animals  that 
destined  to  feed  upon  vegetable  substances,  and  especially  upon  snch 
are  of  tough  consistence,  that  we  find  this  reducing  apparatus  most 
powerful  and  efficient ;  for  as  the  flesh  of  animals  is  of  comparatively  easy 
Dlnbiiity,  there  is  less  occasion  for  any  such  preliminary  preparation.  This 
eduction  is  not  by  any  means  constantly  performed,  however,  in  the  mouth  i 
[>r  almost  any  part  of  the  first  division  of  the  alimentary  canal  may  be  the 
eat  of  the  apparatus. — In  the  Radiated  sub-kingdom,  there  are  noae  save 
lie  typical  Echiuida,  which  possess  such  a  reducing  apparatus  \  but  it  is 
rkable  that  it  tihonld  attain  in  that  group  an  extraordinary  complexity, 
fibould  occupy  a  situa- 


lon  corresponding  to  that 

rhich  it  possesses  in  the  high- 

Yertebrata.     The  '*lan- 

of  Aristotle'*  (Fig.  95, 

),  as  it  Is  sometimes  termed^ 

I  a  fire-sided  conical  mass, 

[imposed  of  five  *'jaws"  in 

kp|>o&itiou  with  one  another, 

ch  of  them  having  the  form 

'  a  triangular  pyramid ;  two 

their    ^idcs,    which    are 

ftttfsned,  look  towards  those 

the  neighboring  jaws^  and 

bave  their  surfaces  roughened 

^y  grooves  like  those  of  a 

e;  whilst  the  third,  which 

somewhat  convex,  is  ex- 

emaj,   and    serves  for   the 

Itachmeut   of   the   muscles 

bat  tix  the  apparatus  to  the 

Btefior  of  the  shell ,  which  is 

nmisbed     with    projectiona 

ifonnd  the  oral  orifice  deve- 


Fig.  05. 


ADatamj'  of  EchiikitM  lisiiius,  Itilfl  op^n  from  ihe  uudor 
Aido ;— a,  buocal  &|»pfrrati:itturoed  10  one  iid<?  1  h,  portion 
of  tegumentiify  toembr<.Tie  iurrounditig  tlie  aioulh ;  c, 
enl^recuj  jriiTfi ;  rf,  tcsopbuj^j*  e,  cotnmcnc^emeiit  uf  in- 
tani'me-j/,  meicnteno  metnbfnnc;  g,  duplicntur^  of  tbQ 
inttitiiif,  which  fomift  a  second  convolutiun,  A,  along  tbe 
courfti}  of  tho  fint,  &ad  lermiDateA  at  tbo  nnnt  orlfioo  i, 
mround  wbioh  Are  itvtt  tbe  fiT«  oridaitiaj  J,  orariai  kJ^ 
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loped  for  this  purpose.  Each  jaw  contains  a  long  pointed  tooth  of  remark- 
able hardness,  which  projects  to  a  considerable  length  from  its  socket,  and 
this  appears  (like  the  ''tusks"  of  Mammalia)  to  be  continually  renewed  by 
new  growth  at  its  base,  as  it  is  worn  away  at  its  apex.  The  whole  is  moved 
by  a  most  complete  set  of  muscles,  which  can  bring  the  entire  "luntem" 
nearer  to  the  oral  orifice,  and  can  cause  the  points  of  the  teeth  to  project 
beyond  it;  which.can  separate  the  jaws,  and  consequently  the  points 'of  the 
teeth,  from  one  another,  and  then  draw  them  togetner,  so  as  to  enable  the 
latter  to  grasp  and  divide  any  hard  substance  adapted  for  food;  and  which 
can  subject  this  to  trituration,  not  merely  between  the  points  of  the  teeth, 
but  also  between  the  flattened  file-like  surfaces  of  the  jaws,  which  can  be 
made  to  work  against  each  other. — Among  the  AcephiEJous  MoUnsks,  no 
reducing  apparatus  seems  usually  to  be  required;  their  food  being  in  a  state 
of  very  fine  division  at  the  time  it  is  introduced ;  nevertheless,  in  some  of  the 
Bryazoa^  a  "gizzard"  or  muscular  stomach,  apparently  subservient  to  this 
purpose,  intervenes  between  the  oesophagus  and  the  true  digestive  stomach. 
A  gizzard  of  considerable  power,  closely  resembling  that  of  Birds,  is  found 
in  many  Gkisteropods,  especially  in  those  whose  mouth  is  unfurnished  with 
a  reducing  apparatus;  this  is  the  case,  for  example,  with  Aplysia  (Fig.  60), 
whose  gizzaM  (t),  situated  between  the  crop  (g^g)  and  the  true  digestive 
stomach  (A),  is  lined  with  firm  homy  teeth ;  and  in  some  instances,  these 
teeth  are  replaced  by  firm  calcareous  plates,  adapted  to  crush  the  shells  of 
the  smaller  Mollusks  that  are  devoured  by  these  animals,  which  is  the  case 
in  BuUa.^  But  in  the  greater  number  of  instances,  the  reduction  of  the 
food  is  accomplished  by  some  part  of  the  buccal  apparatus;  either  by  the 
cutting  jaws  with  which  some  Gkisteropods  are  furnished ;  or,  as  in  Bue- 
cinum,  by  the  teeth  which  form  a  sort  of  palatal  lining  to  the  proboscis, 
and  which  are  carried  outwards  by  its  eversion ;  or  as  in  PaieUa  and  some 
other  phytophagous  Gkisteropods,  by  the  long  rasp-like  tongue.  In  the 
Cephalopoda,  notwithstanding  the  presence  of  jaws  for  the  division  of  the 
food,  its  reduction  seems  to  be  chiefly  accomplished  by  a  muscular  gizzard 
closely  resembling  that  of  Birds. — In  most  of  these  instances,  we  find  sali- 
vary glands  pouring  their  secretion  into  the  mouth  or  pharynx;  and  where 
a  gizzard  exists,  there  is  usually  also  a  ''crop"  or  "first  stomach"  (which  is 
rather  to  be  regarded  as  a  dilatation  of  the  lower  part  of  the  oBsopbagns), 
into  which  the  food  is  received  in  the  first  instance,  and  in  which  it  is  pro- 
bably macerated  in  the  salivary  fluid  before  being  subjected  to  the  tritura- 
tion of  the  g^izzard. 

149.  In  the  lower  Articulata,  there  is  seldom  any  special  redncing  ap- 
paratus ;  in  the  Eotifera,  however,  which  obtain  their  food  (like  the  Bryozoa) 
by  ciliary  action,  we  find,  in  place  of  a  gizzard,  a  curious  pair  of  jaws  (Fig. 
96,  e)y  furnished  with  sharp  hard  teeth,  and  worked  by  a  complex  muscular 
apparatus ;  these  are  situated  in  the  pharynx,  and  serve  to  divide  the  larger 
particles  as  they  pass  downwards  to  the  stomach.  Owing  to  the  tramh 
parency  of  these  animals,  the  movements  of  their  jaws  can  be  distinctly  seen, 
when  the  "wheels"  are  in  action,  and  are  driving  downwards  the  jmrticles 

which  have  entered  the  mouth ^In  the  Mandihvlate  Insects,  the  reduction 

of  the  food,  as  well  as  its  division  and  ingestion,  is  partly  performed  by  the 
jaws,  and  the  mouth  is  usually  furnished  with  salivary  glands ;  but  many 
insects  are  also  provided  with  a  gizzard,  which,  as  in  the  cases  already 
alluded  to,  does  not  act  upon  the  food  until  it  has  been  received  into  tlM 

'  The  Aathor  once  met  with  an  entire  shell  of  Pandora  rottrata  in  the  giuard  of  a 
Bulla. 
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Fig.  90. 


crop.  In  many  of  the  higher  Crustacea^  notwithstanding  their  complex 
buccal  apparatus,  the  stomach  is  furnished 
with  a  powerful  set  of  teeth,  aflSxed  to  a  com- 
plicated framework  which  is  worked  by 
powerful  muscles,  so  as  to  constitute  very 
efficient  reducing  instruments.  Among  the 
mandibulato  Articulata,  salivary  glands  are 
almost  invariably  found  opening  either  into 
the  mouth,  pharynx,  or  oesophagus;  but 
sometimes  the  stomach  itself  is  clothed  with 
caeca,  that  appear  to  have  a  similar  character. 
— Of  that  dental  reducing  apparatus,  which 
is  80  especially  characteristic  of  the  Verte- 
brata,  some  notice  has  already  been  taken 
(§§  60,  64,  73) ;  it  may,  however,  be  here 
remarked  that  the  bones  surrounding  the 
month  are  far  more  copiously  set  with  teeth 
in  Fishes,  than  they  are  in  the  higher  auimals, 
for  there  is  scarcely  any  one  of  these  bones 
that  is  not  furnished  with  them  in  some  tribe 
or  other,  and  they  sometimes  all  bear  them 
at  once ;  among  Reptiles  they  present  them- 
selyes  on  the  palatine  and  pterygoid  bones 
and  the  vomer,  though  they  are  limited  to 
the  jaws  in  Sauria;  and  with  the  higher 
specialization  which  the  dental  ap])aratus 
acquires  in  Mammals,  we  find  it  always 
restricted  to  the  jaws  alone.  In  the  class  of 
Birds,  the  deficiency  of  teeth  is  supplied  by 
an  adaptation  of  the  stomach  for  mechanical 
reduction,  that  carries  ns  back  to  the  plan  so 
common  among  the  Invertebrata.  There  is 
this  cnrious  distinction,  however,  that  the 
gizzard  succeeds,  instead  of  preceding,  the 
proper  gastric  cavity  (Fig.  106,  d) ;  the  food 
being  not  only  entirely  macerated  in  the 
ndiyary  and  other  secretions  furnished  by  the  crop,  but  also  impregnated 
with  the  proper  gastric  fluid,  before  it  is  subjected  to  the  triturating  action 
of  the  gizzard. 

150.  Although  in  the  Mammalia  the  reducing  apparatus  is  limited  to 
the  month,  yet  the  stomach  frequently  presents  a  complex  arrangement,  of 
which  the  purpose  seems  to  be  to  favor  the  mechanical  reduction  of  the  food, 
and  its  impregnation  with  fluid,  before  it  is  subjected  to  the  true  digestive 
process.  The  most  remarkable  example  of  this  kind  is  presented  in  the 
group  of  Ruminantia,  in  which  the  stomach  is  subdivided  into  four  distinct 
caTities ;  the  first  two  of  these,  however,  being  rather  dilatations  of  the  cdso- 
phagns,  than  parts  of  the  stomach  itself.  The  solid  food,  on  its  first  pas- 
sage down  the  cesophagns  in  a  crude  unmasticated  state,  enters  the  large 
cavity  termed  the  ingluvit$  or  "  paunch"  (Fig.  97,  h),  which,  like  the  crop 
of  Birds,  serves  as  a  temporary  receptacle  for  it,  and  moistens  it  with  the 
floid  secreted  from  its  walls ;  the  liquid  swallowed,  on  the  other  hand,  seems 
to  be  specially  directed  into  the  second  cavity  (c),  which  is  termed  the 
Tftieuium  or  "  honeycomb-stomach,"  from  the  reticulated  appearance  of  its 
interior,  occasioned  by  the  irregular  folding  of  its  internal  membrane.    It 


Rotifer  VHtffarit,  ai  seen  at  A  with 
the  wheels  drawn  in,  and  at  b  with 
the  wheels  ezjianded : — a,  mouth ;  6, 
eye-spots;  c,  wheels;  rf,  siphon;  «, 
jaws  and  teeth;/,  alimentary  canal; 
at  glandular  (?)  mass  inclosing  it;  h, 
longitudinal  muscles; 


water-yascular    system; 
animal;  /,  olooca. 


tubes  of 
k,  young 
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Stomach  of  Sheep;  a,  ocsophagas;  b,  ingluviea,  or  paaneh;  e, 
rcticulam,  or  honejcomb-itomuch ;  d,  omasam,  or  many-plies ;  e, 
abomaiam,  or  reed ;  /,  pylorus. 


is  here  that  the  peculiar  provision  of  "  water-cells"  is  found,  for  which  the 
Camel  has  long  been  so  celebrated,  but  which  exists  in  a  greater  or  less 

degree  in    all  the 
^^K-^7-  Ruminants.    These 

cells,  which  are  the 
spaces  between  the 
deepest  reticula- 
tions, are  bounded 
by  muscular  fasci- 
culi; by  the  con- 
traction of  one  set 
of  which  their  ori- 
fices may  be  closed 
and  their  contents 
retained ;  whilst  by 
that  of  another  set, 
the  fluid  they  contain  may  be  expelled  into  the  general  cavity  of  the  stomach. 
After  remaining  there  until  sufficiently  impregnated  with  fluid,  the  solid 
matters  which  have  passed  into  the  first  and  second  stomachs  are  returned 
at  intervals,  in  the  form  of  little  balls  or  pellets,  to  the  mouth ;  where  they 
undergo  a  thorough  mastication,  and  are  completely  incorporated  with 
salivary  fluid.  When  finally  swallowed,  the  food  is  directed,  in  the  manner 
to  be  presently  described,  into  the  third  stomach  (d),  the  omcuum,  com- 
monly called  the  **  many-plies,"  from  the  peculiar  manner  in  which  its  lining 
membrane  is  disposed ;  this  presents  a  number  of  folds,  lying  nearly  close 
to  each  other  like  the  leaves  of  a  book,  but  all  directed,  by  their  free  edges 
to  the  centre  of  the  tube,  a  narrow  fold  intervening  between  each  pair  of 
broad  ones.  The  food,  now  reduced  to  a  pulpy  state,  has  therefore  to 
pass  over  a  large  surface  before  it  can  reach  the  outlet  of  that  cavity;  which 
leads  to  the  abomasum  or  fourth  stomach  («),  commonly  called  the  reed. 
This  is  the  seat  of  the  true  process  of  digestion,  the  gastric  fluid  being 
secreted  from  it  alone ;  and  it  is  from  this  part  of  the  calf's  stomach,  that 
the  "  rennet"  is  taken,  which  derives  its  extraordinary  power  of  coagulating 
milk  from  the  organic  acid  it  contains.  In  the  sucldng  animal^  the  milk 
which  forms  its  nourishment  passes  directly  into  this  stomach ;  the  aperture 
leading  to  the  first  and  second  being  closed,  and  the  folds  of  the  third 
adhering  together  so  as  to  form  a  narrow  undivided  tube. — ^The  direction 
of  the  food  into  one  or  another  of  these  cavities  appears  to  be  effected  with- 
out any  voluntary  effort  on  the  part  of  the  animal  itself,  but  to  result  simply 
from  the  very  peculiar  endowments  of  the  lower  part  of  the  oesophagus. 
This  does  not  entirely  terminate  at  its  opening  into  the  first  stomach  or 
paunch,  but  it  is  continued  onwards  as  a  deep  groove  with  two  lips  (Fig. 
98):  by  the  closure  of  these  lips  (e,e)  it  is  made  to  form  a  tube,  which  serves 
to  convey  the  food  onwards  into  the  third  stomach ;  but  when  they  separate, 
the  food  is  allowed  to  pass  either  into  the  first  or  the  second  stomach. 
When  the  food  is  first  swallowed,  it  has  undergone  but  very  little  masti- 
cation ;  it  is  consequently  firm  in  its  consistence,  and  is  brought  down  to 
the  termination  of  the  assophagus  in  dry  bulky  masses.  These  separate 
the  lips  of  the  groove  or  demi-canal,  and  pass  into  the  first  and  second 
stomachs.  After  they  have  been  macerated  in  the  fluids  of  these  cavities, 
they  are  returned  to  the  mouth  by  a  reverse  peristaltic  action  of  the  oeso- 
phagus;  this  return  takes  place  in  a  very  regular  manner,  the  food  being 
shaped  into  globular  pellets  by  compression  within  a  sort  of  mould  formed 
by  the  ends  of  the  demi-canal,  drawn  together,  and  the  pellets  being  con- 
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Teyed  to  tlie  month  at  regular  interrah,  apparently  by  a  rhythmical  moTe- 
t  of  the  cesophagus.     After  its 


c 


md  mastication,  it  is  again  swal- 
tewed  in  a  pulpy  gemifluid  state ;  and 
it  now  passc-H  along  the  groove  which 
forms  the  continuation  of  the  o?so- 
phagas,  without  opening  its  lips; 
and  h  thus  conveyed  Into  the  third 
stomach,  whence  it  parses  to  the 
fonrth.  K'ow  that  the  condition  of 
the  food  as  to  bulk  and  solidity,  is 
the  circumstance  which  determines 
the  opening  or  closure  of  the  lips  of 
the  groove,  and  w^hich  consequently 
Mpnlates  its  passage  into  the  tirst 
9k  second  stomachs,  or  into  the 
dlird  and  fourth,  appears  from  the 
expenmenteof  Flonrens  ;*  who  found 
that  when  the  food,  the  first  time  of 
heitig  swallowed,  was  artificially  re- 
dncod  to  a  soft  and  pulpy  condition^ 
it  passed  for  the  most  part  along 
the  derai-eanal  into  the  third  stom- 
ach, as  if  it  had  been  **  rnrainated'- — 
only  a  small  portion  finding  its  way 
into  the  first  and  second  stomach?. 

151.  I}i^eMiV€  Apparatm. — We 
liave  now  to  trace  out  the  principal 
forms  uDiler  which  the  proper  Diges- 
tive apparatus  presents  itself  in  the 
different  classes  of  animals  ;  and  the 
mode  in  which  it  operates.  Putting 
isde  that  of  the  Profozoa,  which  has 
been  already  considered  (§  139),  the 
simplest  of  all  its  conditions  is  that 
under  which  we  find  it  in  the  I/i/dra, 
Actinia,  and  other  solitiiry  2ooi>hyte8. 


Fig.  98. 


l?cclion  of  part  of  tbe  Slfiraaeh  of  the  SAeepf 
t<»  ^how  tbe  d  cm  I -canal  of  the  ocioplmgiifl  ;  mo 
mucouf  mem  bran  Q  i»  for  Iha  nitut  piirt  re^ 
mov&dj  to  show  the  nrmagemcnt  of  thot  inuji* 
flular  fibfi?!. — At  a  is  ieoQ  the  t^rmmatidu  of 
the  oe^ophageftl  tithe,  the  cut  edge  of  whoto 
mtieou^  membmne  i«  aboi^n  nt  5,  The  hn'mg 
of  Ihfl  Grflt  Btomacb  b  ahoi^n  nt  e^  c  -  and  th«i 
inucoas  membrfttiQ  of  tbo  ^eeotid,  stoiunch  is 
ieen  to  be  raiFcd  from  tho  Bubjacent  fibres  at 
d^  At  «,  e,  tb«  npB  of  lb«  deini'C&niil  nro  «eoiL 
boundinjf  ibe  gTi>t>ve,  at  the  lower  end  of  whieb 
i9  Uie  cutranco  to  the  third  stomach  or  many- 
pnefl, 

Thns  in  the  H^dra  (|  38)>  it  will  be 
rememhered,  the  stomiieli  occupies  the  whole  of  the  caTity  inclosed  hy  the 
onter  walls ;  and  the  membrane  with  which  it  is  lined  m  bo  completely  iden- 
tical with  that  which  forms  the  external  integnment,  that  the  one  may  he 
made  to  take  the  place  of  the  other  without  any  injury  to  the  animaL     Yet 
It  IS.  obvious  that  a  powerfully  solvent  fluid  m  secreted  from  the  walls  of  the 
ijpatnc  cavity ;  for  the  soft  parts  of  the  food  which  is  drawn  into  it  {usually 
Wk'^  living  state)  are  gradually  dissolved,  and  this  without  the  assistance  of 
^&y  mechanical  trituration ;  whilst  the  hard  parts  are  ejected  again  by  the 
orilice  through  which  they  were  introduced.     The  product  of  this  operation 
appears  to  be  absorbed  from  the  lining  of  the  digestive  sac,  by  the  whole  of 
Uwj  ti.***ne  which  surrounds  it ;  and  to  be  conveyed  into  the  tentaeula  (which 
the  only  parts  not  in  immediate  relation  with  the  digej^tire  cavity)  by 
erstitial  lacunse  left  for  that  jmrpose. — In  the  compound  HyHroida,  on 
I  other  hand^  the  lower  part  of  the  digestive  sac  of  each  polype  is  pro- 


*Aaa.  des  ScL  Nat.*'  (1832),  torn,  xxviil;  ana- 
lgia. 
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longed  into  a  tabe,  which  communicates  with  similar  prolongations  from 

other  polypes,  so  that  the  stem 

Fig.  99.  and  branches  of  the  entire  ar- 

A  d  B  borescent  stmcture  contain  a 

continuation  of  the  gastric 
cavities  of  the  several  polypes 
which  they  bear  (Fig.  99); 
and  the  fluid  that  has  been 
prepared  by  the  digestive  ope- 
rations of  the  latter,  passes 
S         [  '\    n    }  '       through  the  aperture  at  the 

-Mi' t  V>        \  11    /  lower  extremity  of  each  (which 

"*J^"Xl  \  %1  /  is  guarded  by  a  sphincter  mus- 

cle), and  is  received  into  the 
system  of  ramifying  tubes, 
which  may  be  considered  as  an 
extension  of  the  digestive  ca- 
vity throughout  the  general 
structure,  for  the  purpose  6f 
conveying  to  every  portion 
of  it,  and  especially  to  such 
parts  as  are  undergoing  in- 
crease by  the  formation  of  new 
branches  or  polype-cells,  the 
materials  prepared  for  nutri- 
tion. Through  this  system  of 
canals,  the  contained  fluid  has 
,  „  been  observed  to  move  with 

£?^^Vn  i  y  /A  l&\      \1  i     considerable  regularity,  and  in 

^y  7)^^  J  fiji/-  Vpi^  vWy  '^^?  a  manner  that  cannot  be  ac- 
counted for  by  way  mechani- 
cal agency  communicated  by 
the  contraction  of  the  atomachs 
of  the  polypes.  Thoa,  when 
the  stem  and  branches  of  a 
living  Sertularia  are  examined 
with  a  sufficiently  high  magni- 
fying power,  a  current  of  gra- 
nular particles  is  seen  moving 
along  the  axis;  which,  after 
continuing  one  or  two  minutes 
in  the  same  direction,  ehangei 
and  sets  in  the  opposite  one, 
in  which  it  continues  about  as 
long,  and  then  resumes  the  first ;  thus  alternately  flowing  down  the  stem  to 
the  extremities  of  the  branches,  and  back  again.  The  change  of  direction 
is  sometimes  immediate ;  but  at  other  times  the  particles  are  quiet  for  a 
while,  or  exhibit  a  confused  whirling  motion  for  a  few  seconds,  before  it 
takes  place.  The  current  extends  into  the  stomachs  of  the  polypes ;  in 
which,  as  well  as  in  their  orifices,  a  continual  agitation  qf  particles  is  per* 
ceptible.  When  these  particles  are  allowed  to  escape  from  a  cut  brandi, 
they  exhibit  for  a  time  an  apparently  spontaneous  motion.  No  contraction 
of  the  tube,  any  more  than  of  the  stomach,  seems  concerned  in  the  produc- 
tion of  the  currents ;  and  their  rapidity  and  constancy  appear  intimately 


Campanularia  gelatinota  ;  A,  upper  part  of  the  item 
and  branchev,  of  the  natural  size : — b,  a  Buiall  portion 
enlarged,  showing  the  structure  of  the  animal ;  a,  ter- 
minal branch  bearing  polypes ;  b,  polype-bud  partially 
developed;  e,  homy  cell,  containing  the  expanded 
polype  d;  e,  orarian  capsule,  containing  mednsiform 
gemmae  in  rarious  stages  of  development;  /,  fleshy 
substance  extending  through  the  stem  and  branches, 
and  connecting  the  different  polype-cells  and  ovarian 
capsules ;  g,  annular  constrictions  at  the  base  of  the 
branches. 
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connected  with  the  activity  of  the  nutritive  processes  taking  place  io  the 
parts  towards  which  they  are  directed,  the  predominant  "set"  of  the  car- 
rent  being  itnffardi  any  portion  which  is  andergoing  development,  and  attai/ 
fr&m  any  part  which  exhibits  a  diminution  or  loss  of  vitality.  In  the  Tttbu- 
iaria,  in  which  the  polype-bearing  stem  ramifies  bat  littlCj  or  not  at  all, 
and  i^  sometimes  divided  by  nodes  or  partitions  somewhat  resembling  those 
of  the  Chara  (Chap,  YIII.)*  the  movement  of  fluid  very  strongly  resem- 
bles that  which  is  seen  in  that  plant  j  for  the  carrent  passes  down  one  side, 
crosses  ibe  septum,  and  then  ascends  the  other  side,  following  a  somewhat 
spiral  line  of  particles  deposited  on  the  walls  of  the  tube,* 

152.  The  condition  of  the  digestive  apparatus  in  the  Actmrf&rtn  and 
Aie^onum  Zoophytes,  does  not  essentially  differ  from  that  just  described ; 
gave  in  the  fact  that  the  stomachal  sac  does  not  occupy  more  than  the  cen- 
tral portion  of  the  body,  being  surrounded  by  a  visceral  cavity  which  is 
siibdiviiied  by  radiating  partitions  into  chambers  containing  the  generative 
Apparatus.  With  this  visceral  cavity  the  stomach  communicates,  alike  in 
the  Actinia*  and  in  the  Alcyoninm,  by  a  circular  orifice  at  Its  base  (Fig, 
100,  d)^  which  is  surrounded  by  a  muscular  sphincter;  and  thus  the  fluid 
product  of  digestion,  together  with  water  introduced  for  the  purpose  of  re- 
fpiratinn,  can  pass  freely  from  the  stomach  into  the  surrounding  chambers, 
and  into  the  cavities  of  the  tentacnla.  In  most  speciea  of  Actinia  (if  not 
in  all),  the  tentacula  have  pores  at  their  extremities;  and  the  broad  leaf- 
like teulacula  of  the  Alcyonia  have  pores  in  the  papillEe  whicli  fringe  them. 
Tbeae  pores  can  scarcely  be  regarded  in  the  light  of  anal  orifices,  the  indi- 
gittible  parts  of  the  food  swallowed  by  these  animals  (such  ns  the  shells  of 
cTEbs  and  moUusks)  bebg  rejected  by  the  mouth. — In  the  composite  Heli- 
anihoid  Zoophytes,  the  several  polypes,  whilst  framed  on  the  same  general 
plan  with  the  Actinia,  communicate  with  each  other  more  or  less  freely  by 
orifices  and  passages  between  their  respective  visceral  cavities.  In  the 
^QaMhidm^  whose  polypes  are  comparatively  isolated,  this  communication 
is  established  by  a  stalk-like  prolongation  from  the  base  of  each,  almost  as 
in  the  compound  Hydroida,  But  in  the  compound  Fungim^  Astrem,  Mean- 
driru^^  and  other  Zoophytes,  whose  associated  polypes  encase  stony  lamelli- 
form  eorala,  the  connection  is  formed  by  numerous  lateral  openings;  and 
where  the  polypes  are  separated  by  intervening  fleshy  tissue,  these  openings 
form  A  system  of  passages  through  it,  which  must  be  regarded  as  contiuna- 
Hons  of  the  visceral  cavities  of  the  Polypes  themselves.  So  intimate  in 
many  instances  is  the  connection  thus  formed,  that  the  **a<Jjacent  polypes 
have  scarcely  anything  but  a  month  that  can  be  said  to  be  private  pro- 
perty.'" Hence  the  transition  is  easy  to  the  Alcyonian  or  Asteroid  Zoo- 
phytes, among  which  the  genemi  cavity  of  the  body  (Fig.  100,  e),  into 
whii^h  the  stomach  of  each  Polype  opens  at  its  base,  communicates  so  freely 
with  that  of  other  polypes  of  the  same  polypidom,  that  the  whole  as- 

'  Sec  th^s  Meniijjr  of  Mr.  Lister  **  On  the  Structure  und  Functions  of  Tubulai-  and 
Cdliilur  Piit^pi/'  in  **Philoa.  Transact.,*'  1834;  mid  tbfttof  Prof*  AUmaQ  *^Oii  Cortlylo- 
phora  loeusiris,"  in  **Philos,  Tninsnct,/'  18G3, 

•  In  the  previous  editions  of  iliis  work,  it  was  iDadTertently  stated  that  the  stomflch 
in  thf  Aetinift  is  cloiied  nt  the  bottom*  All  recent  inve a ti gators,  howevor,  »gree  In 
yUrming  that  a  dcBulte  communication  esiats  between  the  stomach  and  th^  TtscDfal 
««iilyf  tbongii  the  ori5ce  i@  frequently  of  small  sue.  The  earliest  deacription  of  this 
Btfuctttr«  whkk  the  Author  haa  met  with,  h  contained  in  Mr,  Teale'a  "ObaerTatlous 
oa  the  Anatomy  of  Actinia  Coriacofl,"  io  the  *•  Trans   of  the  Leeds  Fhilos,  Soc.,"  VoL 

*  See  Paa*  '*0n  tb*  Structure  and  Classification  of  Zoophytes,"  Pbiladelphiai  1S46; 
pp.  45-48. 
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Fig.  100.  semblage   forms    a    system    of 

canals  extending  throngh  the 
mass,  very  mnch  after  the  man- 
ner of  those  of  a  sponge. — ^This 
kind  of  commnnication  results, 
in  all  the  foregoing  cases,  from 
the  extension  of  the  fabric  by 
gemmation ;  the  yisceral  cavity 
of  each  newly  formed  part  being 
an  offset  from  that  of  a  previ- 
ously existing  polype ;  and  the 
connection,  which  is  at  first  ex- 
tremely free,  being  never  en- 
tirely closed. 

153.  The  conformation  of  the 
digestive  apparatus  among  the 
AcalephiB  does  not  present  any 
decided  advance  upon  the  Zoo- 
phytic  type.  In tiie lower  "com- 
posite" forms  of  this  group,  the 
plan  of  structure  is  essentially 
the  same  as  in  the  Compound 
Hydroida;  the  stomachal  cavi- 
ties of  the  several  polypoid 
bodies  being  in  free  communi- 
cation with  each  other.  Injthe 
Medusa  and  their  allies,  how- 
ever, we  find  an  arrangement 
which  more  reminds  ns  of  the 
Actiniform  type.  From  the  cen- 
tral stomach,  which  is  g^nertlly 
imbedded  in  the  substance  of  tlw 
disk,  but  sometimes  hangs  down 
from  its  highest  point  like  a  pedicle,  a  set  of  radiating  canals  pass  off  towards 
the  edge  of  the  disk,  where  tiiey  usually  communicate  with  a  marginal  vessd. 
The  simplest  arrangement  of  these  "  gastro-vascular  canals"  is  seen  in  the 
"naked-eyed"  Medusae  (Fig.  93),  in  which  they  are  usually  only  four  in 
number,  and  never  anastomose  with  each  other.  In  the  "  hooded-eyed" 
Medusae,  the  radiating  canals  are  more  numerous  at  their  central  commence- 
ment, and  their  number  is  further  greatly  increased  by  subdivision  towards 
the  margin  of  the  disk  (Fig.  36) ;  frequently,  too,  tiiey  anastomose  iritfc 
each  other,  especially  in  their  peripheral  portion ;  and  sometimes  the  anasto- 
mosis is  so  free,  that  this  system  of  prolongations  from  the  stomach  forms 
a  complete  vascular  network  near  the  margin  of  the  disk  (Fig.  92).—^ 
series  of  apertures  communicating  between  the  marginal  vessel  and  the 
external  surface,  has  been  described  by  Prof.  Ehrenberg  in  Oifaruea  atcrtto 
(Fig.  36,  e,  e,) ;  but  the  existence  of  these  is  doubtfd.  Should  th^  be 
really  present,  they  would  not  be  T^ove  entitled  to  be  regarded  as  "anal 
pores,"  than  are  the  orifices  of  the  tentacula  of  Actinise.  In  fact,  the 
gastro-vascular  system  of  Medusae  may  be  likened  to  the  radiating  chambeis 
into  which  the  visceral  cavity  of  Actiniae  is  subdivided ;  the  chief  difference 
being,  that  its  cavities  are  lengthened  out  in  accordance  with  the  expansioft 
of  the  disk.  There  are  links  of  connection,  in  fact,  which  establish  the 
transition  from  one  form  to  the  other. 


Terminal  portion  of  Aleyontan  polype,  oonsider- 
ablj  enlarged,  and  laid  open  (a)  longitudinally,  (b) 
transversely,  to  show  the  interior  itracture; — a,  ten- 
tacula; hf  mouth;  e,  stomach;  d,  its  inferior  open- 
ing  into  tlie  general  cavity,  of  which  the  upper  part 
is  seen  at  e;  /,  longitudinal  partitions  traversine 
the  space  between  the  stomach  and  the  externu 
parietes;  /',  prolongations  of  these,  as  folds  in  the 
wall  of  the  general  cavity ;  g,  canals  surrounding 
the. stomach,  and  communicating  with  the  cavity  of 
the  tentacula;  j/,  one  of  the  tentacula  laid  open;  A, 
groups  of  spicules  situated  at  the  base  of  the  tenta- 
cula; kf  filiform  appendices. 
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154-  The  same  type  la  exliibited  under  a  higher  form  and  more  coinplete 
flerelopmetit,  m  the  Digestive  apparatus  of  some  of  tlioae  more  cleYated 
members  of  the  Radiated  series,  which 
constitute  the  class  EcMnodtrmaia.     lo  ^^^  ^"^^ 

the  Qphiurida  (Fig,  8)  aud  Asitriada 
(Fig.  3T),  the  gastric  cavitj  is  still  a 
single  sac,  occupying  the  centre  of  the 
body,  and  furnished  with  but  one  orifice, 
through  which  food  is  drawn  in,  and  in- 
digestible or  fecal  matter  is  ejected.  But 
the  sac  is  now  completely  cnt  off  from 
the  general  cavity  of  the  body,  in  which 
It  h  freely  suspended.  In  the  cajcal  pro- 
longations of  the  central  stomach  of  the 
Asterias,  and  in  the  abundance  of  the 
cells  which  line  them,  we  find  the  first 
niBnifestation  of  special  glandular  organs 
for  the  elaboration  of  the  fluids  required 
in  the  digestive  processes,  though  the  pre- 
cise nature  of  these  is  as  yet  unknown. 
The  proper  digestive  apparatus  appears 
;o  be  limited  in  the  Star-fish,  as  in  the       \ 

phi  lira,  to  the  eentrai  cavity  j  and  being         \^S7i?f^M  li'C 

moved  by  a  considerable  Interval  from 
other  parts  of  the  body,  it  does  not  here 
ftirectly  convey  the  nutritloua  food  to  the 
tissues  which  make  use  of  it ;  and  the  in* 

irveotion  of  a  set  of  vessels  becomes 

quisitep  for  its  absorption  and  trans » 

ission  to  distant  parts — The  peculiar 

anncr  in  which  the  lowest  members  of 
Articulated  series,  constituting  the 


\* 


i^ 


0 


\^ 


the  PlaiiiLnic):^-a,  mouth  ;  011  rrou tided 
by  ita  circutiir  encker;  6,  buccal  eavUf  ] 
r,  a!flt>|>hag«al  odflce ;  d,  Etonmdi ;  £,  mtni- 
Gcmiimj!  of  gufLno  canals;  j\  eepbnlio 
giinglta  nod  their  nervoiji  Aiatnen  ta ;  £/,  <ir^ 
testes;  A,  vmculft  jemmiiUi;  t,  mJe 
ft6i) it Jnl  C4fia] ;  kt  kj  o vie] acts;  i^  dilAtJi- 
tioTi  lit  their  point  of  jittiotLuti]  m,  female 
goDital  on  Sec* 


Vt9tmd  tribe  of  Entozoa,   obtain  their 
patriment,  renders  it  unnecessary,  as  al- 
ly remarked  (§  138).  that  they  should 
I  famished  with  a  digestive  cavity ;  and 
lie  higher  jn*oup  of  Trtmaioda^  as  also 
)  tribe  of  Planari^s,  which  (if  not  ae- 
!y  included  within  it)  is  closely  allied 

t,  we  still  find  the  stomach  furnished  w^th  hut  a  single  orifice  (Fig,  101, 
which  must  serve  equally  as  mouth  and  anus.  It  is  a  remarkable  fea- 
ore  in  the  structure  of  these  animal.^,  that  from  their  principal  stomach  (rf), 
^  eerieg  of  ramifying  coeea  are  prolonged  through  the  whole  substance  of 
I  bModj,  These  do  not  lie  loosely  in  a  visceral  cavity,  but  seem  channelled 
at,  as  it  were  in  the  midst  of  solid  parenchyma  j  but  it  is  affirmed  by  Qua- 
t^fages  that  a  visceral  cavity  really  exists,  and  that  the  digestive  sac  is  tied 
its  walls  by  bands  and  filaments  interlacing  ia  every  direction,  so  as  to 
Drni  a  kind  of  areolar  tissue  that  fills  up  the  intervening  space, — On  nearly 
be  same  grade  with  the  preceding,  as  regards  the  conformation  of  its  diges- 
e  apparatus,  we  may  place  the  curious  Rotifsrons  Animalcule,  of  which 
f  male  has  been  already  noticed  as  entirely  agastric  (g  137) ;  for  the  female 
ossesses  neither  intestine  nor  anal  orifice,  and  must  eject  the  indigestible 
particles  of  food  through  its  month.  These  are  the  only  known  instances 
imong  the  Articulata,  in  which  the  digestive  cavity  has  but  one  orifice 
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No  conformation  of  a  similar  kind  is  ever  met  with,  either  in  the  Mollns- 
cous  or  in  the  Vertebrated  series. 

155.  We  have  now  to  glance  at  those  higher  forms  of  the  digestire  appa- 


Fig.  102. 


A.  Ojfdippe  piletu, — B.  Beroe  Fonkalii,  showing  the  tabular  prolongations  of  the  stomadL 

ratns,  in  which  a  second  orifice 
or  "anus"  is  present,  for  the  dis- 
charge of  indigestible  or  fecal 
matters ;  and  this,  as  we  shall  see, 
is  by  far  the  most  general  plan 
of  conformation.  Although  this 
orifice  may  externally  be  sitnaled 
in  the  neighborhood  of  the  month, 
yet  it  always  commnnicates  with 
the  part  of  the  digestive  cavity 
that  is  most  remote f^om  it;  this 
cavity  being  usually  more  or  less 
prolonged  in  the  form  of  a  tube. 
The  lowest  animals  which  present 
this  great  advance  in  ihe  type  of 
conformation,  are  the  OiKograde 
Acalepha  (Fig.  102),  which  hi 
this  important  particular  differ 
widely  from  the  rest  of  tiieir  class, 
so  that  some  Zoologists  remore 
them  from  it  altogether.  As  in 
the  Medusae,  we  find  the  defici- 
ency of  bloodvessels  supplied  by 
tubular  prolongations  of  the  gas- 
tric cavity  (b),  which  extend 
themselves  into  the  substance  of 
the  tissues,  and  which  convev  to 
them  the  materials  for  tneir 
T^t     *i  .      r  i     f.j       .  i  1   J.-     growth  and  renovation.     In  the 

DigestiTO  apparatus  of  AHneltda:^A,Aphrod%U  ?y„jl«,,^^  rA\    ^^  ^^  +1.^  ««<^  <« 

aeuleata;  a,  mouth;  6,  fleshy  proboscis,-  c,  central  ^y<i^Ppe  (A),  we  See  the  first  in- 

portion  of  digestive  tube,  represenUng  the  stomach ;  dication  of  that  division  between 

rf,lateralappendages;«,anus.— B,flaimopMrora«/  the    "stomach"  and    "intestinal 

a,  mouth;  h,  lateral  saccull  of  the  stomach;  c,  two  ^«„«i  m  „u:^u  u^«^^^  ^^ i. 

large  ter^nal  cssca;  d,  intestine  .-c,  Aul<^<ma  Canal,"  whlch  becomes  80  mUCh 

nigrftw;  a,  mouth;  6,  esBoa;  e,  intestine.  more  obviOUS  and  important  in 
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the  higher  elasses.  This  divisioii  is  by  no  meaos  well-marked,  however, 
even  in  the  highest  Racliata;  the  alimeiitarj  canal  which  commences  with 
the  month  and  terminates  at  the  anus^  heiDg  of  nearly  unifonn  size  throiipfh- 
ont,  and  apparently  of  similar  endowments;  as  we  see  in  the  Echimis  (I'ig. 
95),  and  the  Hohthuna  (Fi|r.  40).  In  the  JVVwa^OTi  Eutozon,  again,  the 
same  uniformity  presents  itself  (Fig.  52) ;  and  it  ia  curiotis  to  obserre  this 
almost  exactly  repeated  in  the  Serpent  tribe,  whose  organisation  is  so  much 
higher;  but  the  prolongations  and  tmiformitj  of  whose  body  seems  to  neces- 
sitate a  somewhat  similar  conformation  of  the  alimentary  canaL  Even  in 
the  Anneiid^f  the  same  general  plan  is  continued  with  but  little  modifica- 
tion; the  alimentary  canal  passing  in  a  straight  line  from  one  extremity  to 
the  other,  without  distinction  of  stomach  or  intestine  (Fig.  103) ;  but  from 
its  sides  we  find  ciecal  prolongations  extending,  sometimes  as  a  single  pair 
of  prolonged  tubes  (c,  A),  sometimes  as  mere  saeculi  in  the  walla  of  the 
stomach  {b,  h),  and  sometimes  as  a  multiplied  and  extended  series  of  ap- 
pendages (a,  d),  which  seem,  like  the  radiating  ca^ua  of  the  Asterias,  to  be 
rather  glandular  in  their  character,  than  destined  to  admit  the  passage  of 
food  into  them, 

156.  From  these  forms  we  might  gradually  ascend  towards  the  more 
complex  digestive  apparatus  of  Insects  and  Crustacea;  but  we  shall  first 
revert  to  that  of  the  lowest  Mollusea,  as  the  simplest  case  in  which  the  divi- 
sion of  the  canal  into  Btomach  and  intestine  is  clearly  marked  out  This  is 
well  seen  in  the  Brtfosoa  (Fig.  49),  in  which,  aa  in  the  Ilydra,  the  whole 
process  of  digestion  may  be  watched,  omng  to  the  transparency  of  the  tis- 
soes  af  the  animaL  The  digestive  stomach  (r)  is  here  separated  from  the 
comparatively  narrow  intestinal  tube,  by  a  valvular  orihce  (/),  or  true 
**  pylorus ;"  and  whilst  the  whole  process  of  solution  takcB  place  in  the  for- 
mer division  of  the  canal,  whose  walk  are  beset  with  secreting  follicles  {h) 
that  pour  forth  a  bile-like  fluid,  the  latter  seems  to  have  little  to  do,  save 
to  convey  to  the  anal  orifice  (/)  at  the  mouth  of  the  polype-cell  the  excre- 
mentiiious  particles  which  are  to  be  ejected  from  It,  The  mnie  essential 
type  is  retained  through  the  whole  of  the  Molluscous  series ;  the  principal 
advance  being  shown  (Fig.  5t*)  in  the  higher  development  of  the  liver,  ijy 
the  withdrawal  of  its  follicles  from  the  parietes  of  the  stomach,  and  by  their 
aggregation  into  distinct  glands  which  discharge  their  secretion  into  the 
upper  part  of  the  intestinal  tube  ;  in  the  development  of  a  rudimentary  pan- 
creas (in  the  Cephalopoda)  ;  and  in  the  increased  length  given  to  the  intes- 
tinal portion  of  the  tube,  which  usually  makes  several  "convolutions'^ 
before  it  finally  terminates  at  the  anus, — The  same  ia  the  mode  of  advance 
which  presents  itself  in  the  higher  Articulata;  among  which  the  digestive 
apparatus  of  the  Crustacea  (Fig.  68,  c,  rf,  e)  presents  the  greatest  resem- 
blance to  that  of  Mollusca,  whilst  that  of  Insects  (Fig,  57,  c,  d,  e)  is  remark- 
able for  the  very  low  grade  of  development  of  the  liver,  which  only  makes 
its  appearance  in  the  form  of  a  small  number  of  ca?cal  tubuU  (/"/)  dis- 
charging their  contents  into  the  intestine.  As  yet,  no  distinction  between 
the  "  small- *  and  the  "  large"  intestine  presents  itself;  thia  being  only  mani- 
fested fully  in  the  higher  Vertebrata. 

157.  It  is  interesting  to  observe  that,  among  the  higher  tribes  of  both 
the  Molluscous  and  the  Articulated  sub-kingdoms,  we  should  find  examples 
of  reversion  to  that  lower  trj>e  of  conformation  of  the  digestive  apparatus, 
which  is  manifested  in  its  extension  into  ca2cal  prulongations  that  radiate 
Into  parts  of  the  body  remote  from  the  proper  digestive  sac,  and  in  the  dif- 
fagiou  of  the  glandular  apparatus  over  the  whole  or  the  giTater  part  of  their 
imrface.    This  is  the  case  with  the  Ahtdihanchiate  Gasteropods  (Fig,  104),  in 
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which  the  alimentary  canal  sends  off  as  many  c»ca  as  that  of  the  Plananm 
(Fig.  101)  each  one  of  them,  however,  terminating  in  one  of  the  dorsid 

Fig.  104. 


/  EolU  Inea,  a  Nadibrancbiate  Gaateropod. 

papUls,  and  being  there  sarrounded  by  a  gronp  of  hepatic  cells,  the  lirer 
being  thus  subdivided  (so  to  speak)  amongst  them  all.  So  among  the 
Crustacea,  we  find  the  curious  group  of  Pycnogonida  especially  charact^- 
ized  by  the  extension  of  the  digestive  cavity  into  the  articulat^  memb^s, 
almost  to  their  extremities  (Eig.  105),  and  by  the  spreading  out  of  tiie 


Fig.  105. 


Fig.  106. 


Ammoihea  pyenogonoidet ; — a,  oarrow  oesopbagns ;  6,  Digestive  apparatm  of  M^ 

Btomacb;  e,  intestine;  d,  digestive  csBoa  of  tbe  feet-jaws;  gale: — a,  oepbaUe  gsngOoB; 

«  «,  digestive  cseca  of  the  legs.  &•  bifaroated  origiii  of  4Bio- 

pbfigos;  e,  stomaeh  with  bli' 
ral  osBca  passing  into  tbf 
limbs  and  palpi;  d,  portiM 
which  traTenot  the  aMtoai* 
^  nal  peduncle;  «,  dilated  inlM* 

tine,  receiving  1>Uiai7  Teeteto; 
/,  small  intestine;  g,  ononlea- 
largement,  receiving  the  ttfl- 
nory  vessels  A,  K, 

hepatic  cells  over  the  entire  surface  of  these  c»ca ;  and  it  is  peculiarly 
worthy  of  note,  that  whilst  the  alimentary  matter  passes  into  tiiese  extoi- 
sions,  and  is  conveyed  by  a  continual  flux  and  reflux  through  them  (as 
microscopic  observation  shows)  into  the  immediate  neighborhood  of  ereiy 


DIOBSTIVE  APPARATUS, 


199 


portion  of  the  hodj,  the  special  circtiliiting  apparatus  presents  Its  Teiy 
,  J0west  grade  of  deTelopment  (§  231),  An  approximation  to  the  same 
^  Wacture  is  seen  in  the  caecal  prolongations  of  the  digestive  cavity,  which 
ito  the  thoracic  members  of  the  Arachiiida  (Pig,  106,  c);  these,  how- 
rould  not  seem  to  possess  any  special  secreting  funetion,  a  distinct 
biliary  apparatus  being  found  in  the  abdomen.  But  ik  certain  Acarid^  we 
return  to  a  condition  even  lower  than  that  of  the  Fycnogonidm ;  the  parietes 
of  the  Cfflcal  prolongations  of  the  digestive  cavity  not  being  flistinctly  sepa- 
rable from  the  tissues  around,  and  not  eren  the  rudiment  of  a  proper  circu- 
lating'  apparatus  being  distinguishable* 

158.  The  digestive  apparatus  of  Vertebrated  animals  may  be  considered 
as  carrying  onwards  tlie  general  plan  which  has  been  seen  to  prevail  in  the 
MoHascous  sub-kingdom.  Thus  in  Fakes,  there  is  usually  a  well-marked 
distinction  between  the  stomach  and  the  intestinal  tube;  the  liver  attains  a 
high  development,  and  is  completely  withdrawn  from  the  parietes  of  the 
alimentary  canal ;  and  the  pancreas,  also,  begins  to  appear  as  a  distinct 
gland,  instead  of  being  a  mere  collection  of  cseea  clustering  around  the 
digestive  cavity.  In  the  AmphtoxiiM^  however,  we  see  a  reversion  to  a  very 
inferior  type;  the  digestive  portion  of  the  alimentary  canal  (Fig.  127,  t,  i) 
being  a  short  tube  of  nearly  uniform  size  throughout,  which  commences 
behind  tlie  pharyngeal  respiratory  apparatus,  and  runs  backwards  almost  in 
a  straight  line  to  the  anal  orifice,  receiving  in  its  passage  the  fluid  dig* 
charged  by  the  simple  large  cfccum^  which  is  the  only  rudiment  of  the  Hver< 
In  the  Ctfclostomi^  the  stomach  is  merely  a  dilated  portion  of  the  tube,  which 
lies  in  a  straight  line  between  the  OGsophagug  and  the  intestine ;  but  in 
nearly  all  the  higher  Fishes,  both  Osseous  and  Cartilaginous,  it  forms  a 
large  cavity  (Pig.  12 (J,  2)  which  lies  out  of  the  course  of  the  alimentary 
eanal,  and  is  adapted  to  retain  the  food  while  the  process  of  solution  is 
being  carried  on.  It  is  usually  separated  from  the  intestine  by  a  narrow 
*'  pyloric"  orifice ;  and  it  is  also  generally  divided  from  the  oesophapis  by  a 
**  cardiac"  valve,  the  aperture  of  which,  however,  is  very  wide,  so  as  to 
Qdmit  the  food  which  is  swallowed  in  an  undivided  state,  and  does  not  com- 
pletely prevent  its  regurgitation.  Indeed,  it  seems  common  for  Fishes  to 
disgorge  the  shells  and  otiier  indigestible  parts  of  their  food  through  their 
mouths,  like  Polypes;  and  there  are  some  (especially  of  the  Carp  tribe)  in 
which  a  sort  of  ruminatum  takes  place,  the  food  being  sent  back  to  the 
pharyn:3t  to  be  ma^^ticated  by  the  ]>haryugeal  teeth,  and  then  returning  to 
the  stomach  to  undergo  its  final  digestion.  The  intestinal  tube  is  usually 
short  and  almost  destitute  of  convolutions,  as  well  as  of  nearly  uniform 
diameter  throughout,  so  that  the  distinction  between  the  small  and  the  large 
intestine  is  only  marked  (and  this  not  constantly)  by  the  ileo-colic  valve> 
The  surface  of  the  mucous  membrane  lining  the  canal  is  considerably  ex- 
tended, however,  by  being  thrown  into  mgm  or  wrinkled  folds,  more  or  less 
projecting;  these  in  the  Osseous  Fishes  hare  seldom  any  great  regularity  of 
aiT&tigement ;  but  by  the  great  projection  and  spiral  continuity  of  one  of 
these  folds,  the  real  length  of  the  intestinal  tube  is  greatly  increased  in  the 
higher  Cartilaginous  Fishes,  just  as  a  spiral  staircase  is  much  longer  than 
the  cylindrical  cavity  within  which  it  winds. — In  the  omnivorous  tadpoles 
of  Bairaehian  Re^ptilet,  the  alimeutary  canal  is  of  great  length,  and  forms 
numerous  convolutions  in  the  abdominal  cavity ;  but  the  stomach  is  narrow 
and  el  on  gated  t  the  intestinal  tube  is  of  nearly  equal  size  throughout^  and 
the  boundary  between  the  small  and  the  large  intestine  is  not  distinctly 
marked.  This  condition  is  retained  in  many  of  the  Perennihranchiaia  ;  but 
in  the  adult  condition  of  the  Frog  and  its  allies^  a  nearer  approach  is  eshi 
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bited  to  the  character  presented  by  the  alimentary  canal  in  the  higher  jSep- 
tiles,  most  of  which  are  camivorons.  In  these,  we  usually  find  &e  gastric 
dilatation  larger,  and  more  completely  distinguished  from  the  intestinal 
tube ;  although  the  intestine  is  relatirely  much  shorter,  yet  the  extent  of  its 
mucous  surface  is  augmented  by  rtLgnB  and  viUi;  and  the  small  intestine  i& 
now  more  constantly  separated  from  the  colon,  by  a  valTular  constriction. 
It  is  in  the  vegetable-feeding  Turtles,  that  we  find  the  intestinid  tube  pos- 
sessing the  greatest  length,  and  presenting  the  greatest  difference  of  diame- 
ter in  its  two  divisions ;  and  in  most  of  these,  as  well  as  in  some  other 
Reptiles,  the  large  intestine  has  a  csecal  dilatation  at  its  commencement 

159.  In  Birds,  the  length  of  the  alimentary  canal  varies  greatiy  in  the 
different  families,  in  accordance  with  their  habitual  diet,  being  greatest  in 

the  granivorous  and  frugivorous 
F»g- 107.  ^   tribes,  and  least  in  the  predace- 

ous ;  there  is,  however,  a  certain 
general  plan  of  conformation,  to 
which  the  variations  may  be  all 
referred.  In  nearly  all  the  mem- 
bers of  this  class,  the  food  is  de- 
layed in  a  receptacle  formed  by 
the  dilatation  of  some  part  of  the 
mouth,  pharynx,  or  oesophagus, 
before  it  passes  into  the  stomach ; 
and  in  this  receptacle  it  sometimes 
undergoes  a  sort  of  preliminaiy 
digestion.  In  the  Pelican,  we  find 
it  in  the  form  of  a  wide  pouch 
suspended  from  the  lower  Jaw,  the 
two  halves  of  which  bone  are  not 
united  at  the  S3rmphyBis,  bo  that 
the  pouch  is  enormously  dilata- 
ble ;  in  the  Swift  and  other  birds 
that  catch  insects  on  the  wing,  a 
similar  distensibility  exists  in  Uie 
membranous  wall  of  the  ftMices; 
in  the  Cormorant  and  other  fish- 
ing birds,  it  is  the  wide  CBSopha- 
gus  which  serves  as  the  recepta* 
cle ;  but  in  the  Granivorons  birds, 
as  well  as  in  many  others  which 
take  in  a  large  quantity  of  food 
at  once,  we  find  a  pouch  termed 
the  "crop"  (Pig.  107,  b),  deve- 
loped from  the  side  of  the  gullet, 
into  which  the  food  passes  when 
it  is  first  swallowed,  and  in  which 
it  lies  for  some  time ;  during  which 
it  is  moistened  by  a  secretion 
copiously  poured  out  from  gland* 
ular  follicles  in  its  walls,  and  ii 
thus  prepared  for  the  further 
stages  of  the  digestive  process.  Below  the  crop,  the  oesophagus  is  usually 
again  dilated,  before  its  termination  in  the  gizzard,  into  another  cavity, 
known  as  the  "proventriculus"  (c),  from  the  walls  of  which  the  true  gastrifl 


DigesUre  appantne  of  Common  FowlT—^h  ««o- 
phagus;  h,  inglnvies  or  crop;  o,  proTentrioulot; 
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intestine;  m,m,  ureters;  n,  orldnot;  o,  doaea. 
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fluid  is  poured  out  upon  the  food  that  is  delayed  in  it :  this  may  be  con- 
iidered  bs  the  first  or  cardiac  portion  of  the  tme  gastric  c^Fity ;  wbilKt  the 
"gixzard*'  (d)  or  muscular  Bac  which  micceeds  it,  corresponds  with  its  second 
or  pyloric  portion.  The  gizzard  m  usually  a  Bomewhat  lengthened  sac,  hair- 
ing its  intestinal  orifice,  m  well  m  that  by  which  it  communicates  with  the 
provcatriculus,  wt  its  upper  part.  la  those  whose  food  requires  the  aid  of 
n^eehaaical  reduction  for  its  solution,  the  wolla  of  the  grizzord  are  very  thick 
an<l  muscular,  and  its  fibres  radiate  from  two  central  tendons  situated  on 
opposite  sides  of  the  cavity^  which  is  lined  by  a  homy  epithelium  of  re- 
markable toughness.  The  triturating  power  of  the  gizzard  h  frequently 
much  increased  by  the  presence  of  hard  angular  stones,  which  the  bird  occa- 
sionally swallows,  and  which  are  retained  in  its  cavity.  In  Birds,  however, 
whose  food  consists  of  flesh,  fish,  sn  ecu  lent  fruits,  or  other  substances  easily 
reduced,  the  muscular  structure  is  so  Uttle  developed,  that  the  original  cha- 
racter of  the  ''gizzard^'  is  entirely  wanting,  The  intestinal  tube  varies 
considerably  in  length,  and  also  in  the  degree  ofdcfinitencBS  of  the  division 
between  the  smalt  and  the  large  intestines*  At  no  great  distance  from  the 
stomach,  it  receives  the  secretions  of  the  liver  (e)  and  of  the  pancreas  (h) ; 
the  former  gland,  which  is  of  moderate  size,  possesses  a  gall-bladder  (/), 
m  which  the  bile  can  be  stored  up  when  not  required  for  use^  and  yet  has 
i  iecund  excretory  duct,  by  which  the  bUe  can  be  poured  direct  into  the  in- 
testinal tube;  the  latter,  which  is  now*  much  increased  in  size,  and  has 
attained  a  higher  grade  of  glandular  development,  still  pours  forth  its  pro- 
ducts, sometimes  by  two  ducts,  and  in  other  cases  by  three.  After  a  larger 
or  smaller  number  of  convolutions,  the  intestinal  tube  terminates  in  the 
cloaca  (o)  ;  firsts  however,  receiving  the  products  secreted  from  one  or  two 
c^cui  appendages  (k),  whose  opening  into  the  canal  is  considered  to  mark 
the  boundary  between  the  small  and  the  large  intestines  (/and  /' ), 

1 60*  The  length  and  complexity  of  the  alimentary  canal  in  tlje  Mammalia, 
as  in  Birds,  vary  in  accordance  with  the  diet  on  which  the  several  tribes  are 
adapted  to  exist;  and  no  part  exhibits  a  greater  diversity  of  confonnation 
than  does  the  siomach^ — even  putting  aside  that  peculiar  apparatus  which 
kns  been  already  described  {§  150)  as  concerned  in  the  preparation  of  the 
aliment  in  the  Ruminantia.  Thus,  in  the  carnivorous  and  insectivorous 
Mammals,  who.^e  food  is  easy  of  solution,  and  consequently  requires  to  be 
but  little  delayed  fur  the  digestive  operation,  the  stomach  is  usually  simple 
in  its  form,  being  a  mere  dilatation  of  the  alimentary  canal,  and  lying  nearly 
ia  the  direction  of  its  course;  but  in  proportion  a^  the  food  departs  more 
widely  in  its  composition  from  the  body  itself,  and  is  less  capable  of  reduc- 
tion by  the  gastric  fluid,  do  we  find  (in  most  cases  at  leaat)  the  dimensions 
of  the  stomach  increasing,  and  its  form  undergoing  alteration ;  so  that  it 
more  and  more  presents  the  cliaracter  of  a  dtvertimlumf  into  w^hicU  the  ali- 
ment is  turned  aside,  and  in  which  it  is  retained  during  the  time  required 
for  its  subjection  to  the  solvent  power  of  the  gastric  juice  (Fig.  62,  *?).  The 
dlffereoce  in  form  is  principally  given  by  the  increased  development  of  the 
lai^ge  or  left-hand  extremity  of  the  stomach,  which  thus  becomes  a  sort  of 
heal  dilatation  off  the  line  that  connects  the  cardiac  and  pyloric  orifices ; 
K^  not  unfrequently  this  portion  of  the  stomach  is  separated  from  the  other 
hyail  incomplete  partition.  In  addition  to  this,  numerous  smaller  caeca  are 
fl^itently  developed  in  connection  with  the  principal  cavity ;  whilst  in  many 
(kiaeea  we  find  a  succession  of  constrictions  intervening  between  the  prin- 
cipal gasfcric  csecum  and  the  pyloric  orifice,  which  partially  divide  tlie  entire 
stomach  into  numerous  cavities,  all  of  them  to  be  traversed  by  the  food 
dicing  its  passage  from  the  oesophagus  to  the  intestine.     The  small  intes* , 


iOd  07  ALIMENT,  ITS  INGESTION  AND  PREPARATION. 

tine  is  chiefly  remarkable  for  the  great  length  to  which  it  extends  in  some  of 
the  herbivorons  Mammalia,  and  for  the  increase  of  its  mncons  surface  by 
**  valrulffi  conniTcntes,"  which  are  deep  folds  of  membrane,  succeeding  one 
another  at  tolerably  regular  intervals,  but  not  embracing  above  two-thirds 
of  the  circumference  of  the  tube.  In  nearly  all  Mammals,  save  in  the  CeUi- 
tea  (which  exhibit  a  return  to  a  fish-Kke  inferiority  in  this  respect),  a  well- 
marked  distinction  between  the  small  and  the  large  intestine  is  manifested, 
not  only  by  the  presence  of  the  ileo-caecal  valve,  but  also  by  that  difiference 
of  diameter  from  which  these  two  divisions  of  the  canal  derive  their  names. 
The  large  intestine  is  here  not  only  larger  in  proportion  to  the  small,  but  is 
longer  than  in  the  lower  Yertebrata;  and  in  many  Mammals,  as  in  Man,  a 
sacculated  character  is  given  to  the  colon  by  the  peculiar  arrangement  of  its 
muscular  bands,  so  that  the  extent  of  its  lining  membrane  is  greatly  in- 
creased. The  csecal  enlargement,  in  which  the  ileum  terminates  and  the 
colon  commences,  is  frequently  of  great  size,  especially  in  herbivorous  ani- 
mals ;  being  sometimes  larger  than  the  stomach,  as  is  the  case  in  the  Horse ; 
or  even  many  times  larger,  as  may  be  seen  in  some  of  the  Rodentia  The 
ffilU  (Fig.  108),  which  in  all  the  lower  Vertebrata  are  dispersed  over  the 
surface  of  the  large  as  well  as  of  the  small  intestine,  are  now  limited  to  the 
4atter ;  whilst  from  the  great  number  of  glanduls  contained  in  the  former, 
and  from  the  change  in  the  character  of  the  contents  of  the  alimentary  canal 
which  shows  itself  when  they  arrive  there,  it  seems  probable  that  whilst  the 
small  intestine  is  the  part  of  the  canal  in  which  AosorpHon  specially  takes 
place,  the  large  is  particularly  destined  for  Excretion, 

161.  Thus  then,  we  see  that,  although  the  development  of  the  Digestive 
apparatus  is  subjected,  perhaps  more  than  that  of  any  other  portion  of  the 
apparatus  of  organic  life,  to  variations  which  are  immediately  connected 
with  the  purposes  to  which  it  is  to  be  subservient,  a  gradual  specicduuxiion 
can  be  most  distinctly  traced,  when  we  take  a  general  survey  of  the  succes- 
sion of  forms  which  it  presents  among  the  principal  groups  of  animals.  For, 
in  its  lowest  condition,  we  have  seen  it  to  consist  of  a  simple  cavity  exca- 
vated in  the  tissues  for  the  reception  of  alimentary  substances,  which,  when 
reduced  to  the  state  of  solution  (chyme),  are  taken  up  from  every  part  of 
its  walls,  and  find  their  way,  without  any  special  system  of  canals,  into  the 
parts  of  the  body  most  remote  from  it :  whilst  the  indigestible  matters  are 
ejected  by  the  same  orifice  as  that  by  which  the  food  was  taken  in.  Next, 
we  find  the  digestive  sac  furnished  with  parietes  of  its  own,  and  suspended 
within  a  visceral  cavity,  with  which  it  is  at  first  in  free  communication ;  going 
a  step  further,  we  find  this  communication  closed,  but  the  digestive  sac  itself 
extended  into  remote  portions  of  the  organism ;  and,  in  stUl  higher  forms, 
the  liquid  (chyle)  which  transudes  into  the  visceral  cavity,  instead  of  the 
immediate  product  (chyme)  of  digestion,  is  that  which  is  applied  to  the 
purposes  of  nutrition.  Next,  we  find  the  digestive  sac  with  its  single  orifice 
ohanged  into  a  canal,  provided  with  a  second  orifice,  through  which  the  in- 
digent ible  and  fecal  matters  are  ejected.  Next,  we  find  the  stomach  more 
or  loss  distinctly  separated  from  the  intestinal  tube :  and  the  former  becomes 
IHUisoHscd  of  special  endowments  which  are  not  shared  by  the  latter,  the 
gaMtrlo  fluid  being  secreted  by  its  walls  alone,  and  the  secretion  of  the  liver 
bolng  either  poured  into  it,  or  into  the  first  portion  of  the  intestine.  Next, 
wo  find  the  mucous  surface  of  the  intestinal  canal  considerably  extended  hj 
folds  and  duplicatures ;  and  these  are  thickly  set  with  villi ,  each  of  which 
not  merely  contains  a  copious  network  of  bloodvessels,  but  also  includes 
the  commencement  of  one  of  the  special  absorbents  or  "lacteals"  peculiar 
to  Ycrtebrated  animals.    Next,  we  find  the  distinction  between  the  small 
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and  the  large  intestine  gradnally  becoming  more  clearly  marked,  and  each 
part  characterized  by  its  own  peculiarities ;  whilst  at  the  same  time,  the 
concentration  of  structure  is  still  further  indicated  by  the  greater  extension 
of  the  mucous  surface  within  the  canal,  by  the  augmented  number  of  tUII 
in  the  small  intestine,  and  by  the  increase  of  the  glandule  and  follicles  in 
the  large. 

162.  Now  m  its  general  outlines,  the  history  of  the  Embryonic  develop- 
ment of  the  Digest! Te  apparatus  in  the  higher  animals  closely  con'esponds 
with  this ;  but  the  entirely  different  mode  in  which  the  alimentation  of  the 
embryo  is  to  be  accomplished,  involves  a  considerable  variation  in  the  par- 
ticular method  adopted.  The  embryonic  cell,  when  it  is  first  distinguish- 
able in  the  ovnm,  lies  in  the  midst  of  a  store  of  nutriment  (the  yolk)  pro- 
vided for  it  by  the  parent ;  and  this  it  begins  to  draw  in,  like  the  simple 
cells  of  the  lowest  Entozoa,  which  it  resembles  in  grade  of  development 
and  in  its  conditions  of  existence  {§  138),  by  imbibition  through  iti  cell- 
wall.  The  successive  broods  of  cells  produced  by  ftssiparons  niHUiplica- 
tion»  are  at  first  nourished  after  the  same  fashion  ;  but  these  soon  tend  to 
spread  themselves  in  the  form  of  a  membranous  expansion  around  the  yolk, 
and  thus  to  include  it  completely  within  the  embryanic  cavity.  This  cavity 
may  be  likened  to  the  stomach  of  the  Hydra,  in  every  respect  save  that  it 
has  no  orifice;  but  this  is  not  needed,  since  it  is  already  filled  with  the  re- 
qaisite  supply  of  aliment  The  further  introduction  of  this  into  the  em- 
hryonic  tissues,  is  accomplished  at  first  by  the  colhilar  layers  of  the  germinal 
membrane;  bnt  bloodvessels  are  soon  developed,  which  thenceforth  are  the 
special  channels  for  its  reception  and  conveyance.  This  cavity,  however, 
lerves  but  a  temporary  purpose — ^in  this  respect  corresponding  with  the 
cotyledons,  by  which  nutriment  is  received  into  the  embryo  of  the  higher 
plants ;  and  the  permanent  digestive  apparatus  commences  in  the  more  ad- 
vanced embryo,  as  a  small  portion  of  the  temporary  vitelline  sac,  that  is 
•mdually  detached  from  it,  like  the  stomach  of  the  budding  Jft/dra  from 
Sftt  of  its  parent.  The  form  which  tlds  detached  portion  at  first  exhibits, 
h  that  of  a  simple  tube,  closed  at  both  extremities,  whilst  its  middle  por- 
tion remains  connected  with  the  yolk-bag.  An  oral  and  an  anal  orifice  are 
then  formed ;  and  the  tube  thus  comes  to  present  the  characters  of  the  ali- 
mentary  canal  of  the  lower  Articulata,  The  next  grade  in  development  is 
the  evolution  of  the  stomach,  which  first  shows  itself  as  a  projection  of  the 
tube  towards  the  left  side;  and  the  accessory  glands,  the  liver  and  pancreas^ 
soon  make  their  appearance,  reminding  us  in  their  earliest  condition  of  the 
grade  of  development  w^hich  they  permanently  exhibit  in  the  lower  animals 
(Chap.  IX.).  The  short  straight  tube  gradually  increases  in  length,  and 
m  thrown  into  convolutions,  that  part  being  most  increased  in  length  which 
remains  of  the  smallest  diameter;  and  thus  arises  the  difference  between  the 
^lall  and  the  large  intestine.  The  folds  of  the  mucous  membrane,  the  Yilli, 
fiiid  the  glandular  apparatus,  which  are  the  parts  mast  restricted  to  higher 
animals,  are  the  last  to  appear  in  the  course  of  their  development. 


163.  We  have  now  to  consider  the  proper  FimcHon  of  Digestion,  which 
may  be  said  to  commence  with  the  introduction  of  the  food  into  that  part 
of  the  alimentary  canal,  in  the  walls  of  which  is  secreted  the  fluid  destined 
its  solution.  In  the  higher  animals,  this  secretion  is  restricted  to  the 
trie  cavity  or  stomach;  and  hence  it  is  named  the  ''gastric  juice."  The 
ay  chemieal  change  which  the  food  appears  to  have  undergone,  before 
being  submitted  to  this,  is  that  which  is  effected  by  the  admixture  of  Saliva 
bthe  mouth ;  a  peculiar  animal  principle  contained  in  this  fluid  having  the 
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power,  like  the  diastase  in  Plants,  of  converting  starch  into  sugar.  The 
process  thns  commenced  in  the  mouth,  is  retarded  in  the  stomach,  the  acid 
character  of  the  gastric  fluid  being  unfavorable  to  it ;  it  is  recommenced, 
however,  in  the  intestinal  canal,  after  that  acid  has  been  neutralized  by  the 
alkali  of  the  bile  and  pancreatic  fluid.  The  great  purpose  of  the  gattric 
digestion  appears  to  be,  to  dissolve  the  albumtnoiu  and  gdatinaus  consti- 
tuents of  the  food ;  and,  by  the  withdrawal  of  these,  the  remainder  are 
usually  reduced  to  a  state  of  fine  division,  in  which  they  are  afterwards  more 
easily  acted  upon.  In  regard  to  the  constitution  of  the  gastric  juice,  there 
is  at  present  much  diversity  of  opinion ;  and  it  does  not  seem  improbable 
that  it  may  vary  in  different  animals.  It  appears  essentially  to  consist,  how- 
ever, of  a  free  acid  (either  the  hydrochloric,  acetic,  or  lactic,  but  generally 
the  first)  which  is  the  real  solvent;  and  of  an  animal  principle  in  a  state  of 
change,  which  acts  as  a  ferment,  and  disposes  the  organic  compounds  to 
solution.  Water  slightly  acidulated  with  these  acids,  is  capable  of  dissolv- 
ing albuminous  compounds  with  the  aid  of  a  high  temperature;  but  if  a 
solution  of  "  pepsin"  (which  is  the  animal  matter  obtained  by  macerating 
the  stomach  of  a  pig  in  cold  water,  after  it  has  been  repeatedly  washed)  be 
added,  the  acid  solvent  will  then  be  able  to  act  efficaciously  at  the  ordinary 
temperature  of  the  body.  The  solvent  action  of  the  gastric  juice  is  aided 
by  the  movements  of  the  walls  of  the  stomach,  which  are  produced  by  the 
successive  contractions  and  relaxations  of  their  muscular  fibres.  The  pur- 
pose of  this  motion  is  obviously  to  keep  the  contents  of  the  stomach  in  that 
state  of  constant  agitation,  which  is  most  favorable  to  their  chemical  solu- 
tion ;  and  particularly  to  bring  every  portion  of  the  alimentary  matter  into 
contact  with  the  lining  of  the  stomach,  so  as  to  subject  it  to  the  action  of 
the  solvent  fluid  which  is  poured  forth  from  it.  Thus,  little  by  little,  the 
reduction  of  the  alimentary  materials  to  the  homogeneous  pulpy  mass  termed 
chf/me  is  accomplished ;  this  escapes  into  the  intestine,  as  fast  as  it  is  formed, 
through  the  pyloric  orifice,  which  closes  itself  to  solids,  but  allows  liquids 
to  pass ;  whilst  the  solid  residue  is  continually  subjected  to  the  same  action 
until  its  solution  has  been  effected.  There  is  no  doubt,  however,  that  a 
portion  of  the  nutritious  matter  dissolved  by  the  gastric  fluid  is  at  once 
absorbed  into  the  bloodvessels  of  the  stomach,  without  passing  either  into 
the  intestinal  tube,  or  into  the  special  lacteal  system  of  vessels. — ^That  the 
action  of  the  gastric  juice  is  in  all  respects  one  of  a  purely  chemical  nature, 
there  can  be  no  longer  any  question.  When  drawn  direct  from  the  stomach 
of  Man  or  of  the  lower  Mammalia,  it  is  found  to  possess  the  power  of  db- 
solving  various  kinds  of  alimentary  substances,  provided  that  these  are  sub- 
mitted to  its  agency  at  a  temperature  equal  to  that  of  the  body,  and  are 
frequently  agitated.  The  solution  appears  to  be  in  all  respects  as  perfect 
as  that  which  is  naturally  effected  in  the  stomach ;  but  a  longer  time  is* 
required  to  make  it — a  difference  which  is  easily  accounted  for,  when  the 
impossibility  of  fulfilling  all  the  conditions  under  which  gastric  digestion 
takes  place,  is  borne  in  mind.  The  quantity  of  food  which  a  given  amount 
of  gastric  fluid  can  dissolve,  is  limited ;  precisely  as  in  the  case  of  the  acidu- 
lous solution  of  **  pepsin,"  or  **  artificial  gastric  juice,"  whose  solvent  power 
is  chiefly  regulated  by  the  quantity  of  acid  which  it  contains,  the  same 
quantity  of  pepsin  being  capable  of  '*  disposing"  the  solution  of  many  suc- 
cessive amounts  of  the  substance  to  be  acted  on,  provided  that  acid  be  adddl 
as  required. 

164.  The  Chyme  which  passes  into  the  intestinal  tube,  is  commonly  a 
grayish,  semifluid,  and  homogeneous  substance,  possessing  a  slightly  aicid 
taste,  but  being  otherwise  insipid.    When  the  food  has  been  of  a  rich  oQy 
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charac^ter,  the  chyme  possesses  &  creamy  aspect;  bnt  when  it  has  contained 
a  large  proportion  of  farinaceous  matter,  the  chyme  has  rather  the  appear- 
ance of  grueL  The  state  in  which  the  Tarions  alimentary  principles  exist 
in  it  has  not  yet  been  accurately  determined ;  the  following,  however,  may 
be  near  the  truth.  The  albnminoua  compounds,  whether  derived  from  the 
Animal  or  from  the  Yegetable  kingdom,  whether  previously  possessing  the 
form  of  fibrin,  of  casein,  of  glutin,  &c,,  are  reduced  by  solution  to  the  con- 
dition of  Albumen ;  but  a  part  of  these  compounds  may  still  remain  undis* 
solved  in  the  chyme  of  the  intestine.  Gelatin  will  be  dissolved,  or  not, 
according  to  the  previous  condition  of  the  sulistance  containing  it ;  for  if 
this  be  a  tissnc  which  does  not  readily  yield  gelatin  to  hot  water,  the  gas- 
tric fluid  will  have  little  influence  upon  it.  The  gummy  matters  of  plants 
are  dissolved,  when  they  exist  in  a  soluble  form  ;  but  starch  is  not  changed 
unless  it  has  been  previously  acted  upon  by  the  saliva,  save  in  the  case  of 
the  Granivorous  Birds  and  Ruminant  Mammals,  in  which  the  provision  for 
the  mechanical  reduction  of  this  element  of  the  food  is  greater  than  in  other 
tribes.  Sngar,  whether  introduced  as  such,  or  formed  l)y  the  trans^formation 
of  stftTch,  is  undoubtedly  reduced  to  a  state  of  complete  eolation,  and  is 
prob&bly  taken  up  by  the  bloodvessels  as  fast  as  it  is  dissolved.  Oily  niat- 
IOT8,  whether  of  animal  or  vegetable  origin,  are  reduced  to  minute  particles, 
and  these  are  dispersed  through  the  other  constituents  of  the  chyme.  Most 
other  substances — as  the  woody  fibres,  all  the  firmer  cell- walls,  and  the 
resinous  matters,  of  Plants — ^the  homy  matter,  yellow  fibrous  tissue,  epider- 
mc  and  other  thick^walled  cells,  of  Animals — pass  unchanged  from  the  slo- 
maclL,  undergo  no  subsequent  alteration  in  the  intestinaJ  canal,  and  form 
part>  of  the  fecal  matter  which  is  discharged  from  it. 

1  (55.  On  passing  into  the  small  intestines,  the  Chyme  soon  becomes  min- 
gled with  the  Biliary  and  Pancreatic  secretions,  and  with  the  Succus  En- 
iericu$,  which  appear  to  effect  important  changes  in  its  character,  though 
the  nature  of  their  respective  agencies  has  not  yet  been  clearly  made  out,' 
It  may,  however,  he  pretty  certainly  stated,  that  by  the  excess  of  alkali 
which  they  contain,  they  neutral i^se  the  acid  of  the  gastric  juice,  and  that 
the  conversion  of  the  starch  into  sugar,  which  was  interrupted  in  the 
stomach,  now  recommences,  and  is  probably  carried  on  while  the  food  is 
pacing  through  the  small  intestines ;  and  further^  that  either  by  their  sepa- 
rate or  their  combined  actions,  the  fatty  matter  of  the  chyme  is  reduced  to 
that  state  of  fine  division  which  is  known  as  an  "emulsion,'^  and  is  thus 
rendered  capable  of  being  received  into  the  absorbents ;  whilst  the  soktion 
of  the  albuminous  matters  is  completed.  Thus,  then,  during  the  continued 
fiassage  of  the  food  along  the  upper  part  of  the  alimentary  canal,  the  pro- 
ce.^s  of  reduction  and  solution  are  still  carried  on;  those  operations  being 
gradually  performed  in  the  intestine,  which  would  have  interfered  with  the 
Jfeestion  of  albuminous  matters  if  performed  in  the  stomach  j  and  the  pro- 
PPjgation  of  this  process  being  also  the  means  of  preventing  the  too  rapid 
CBtrance  of  those  saccharine  and  oily  matters  into  the  blood,  which  are  only 
taken  into  it  with  a  view  to  being  speedily  eliminated  by  the  respiratory 
process,  for  the  maintenance  of  the  animal  temperature.  It  is  chiefly  in 
wsnn-blooded  animals,  that  we  find  the  farinaceous  or  starchy  substances, 
auppLled  by  plants,  entering  largely  into  the  composition  of  the  food;  and 

*  Th©  itiit«mcnts  of  M.  CI.  Bernard  respecting  tbe  apccial  and  eicluaiTe  emulfiifying 
ptmtf  of  the  PfLaerefttic  Quid,  have  not  been  BubstAnttated  by  tlie  results  oblained  bj 
otter  experimenters.  S*e  on  Ihis  point  the  Author**  *'  rrincjpt^a  of  HaniJin  Pbjaio- 
bgy/'  {{  4$2-'45&i  6(A  Am.  Ed.;  and  the  **BriU  aod  For.  Med.-Chir.  Ee?*,"  Jan.  1864, 
pp.  dl-M. 
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notwithstanding  the  evidence  we  possess  that  they  are  actually  received  into 
the  vessels,  yet  there  is  a  difficulty  in  detecting  them  under  any  form  in  the 
blood  or  chyle,  in  the  healthy  condition  of  the  system.  It  is  obvious,  then, 
that  their  removal  from  the  intestinal  canal  by  the  process  of  absorption 
must  take  place  slowly ;  and  thus  we  seem  to  have  the  explanation  of  the 
prolongation  of  the  intestinal  tube  in  the  herbivorous  aninials.  It  has  been 
supposed  that  the  contents  of  the  intestinal  canal  are  subjected  to  a  sort  of 
second  digestion  in  the  caecum,  for  the  purpose  of  dissolving  uiy  albumi- 
nous matters  which  have  not  been  previouslyireduced,  especially  in  those 
animals  in  which  the  caecum  is  of  large  size  in  proportion  to  the  stomach; 
and  this  idea  seems  to  derive  confirmation  from  the  fact,  that  the  secretion  of 
the  caecum  has  been  found  to  possess  an  acid  reaction.  It  cannot,  however, 
be  at  present  regarded  as  more  than  a  probable  hypothesis. — ^The  residuary 
undigested  portions  of  the  food,  mingled  with  the  excrementitions  portion 
of  the  biliary  and  pancreatic  secretions,  together  form  the  principal  part  of 
the  fecal  matters  which  are  discharged  from  the  large  intestine;  but  tiiere 
is  strong  reason  to  believe  that  the  putrescent  matter,  which,  in  the  Mam- 
malia especially,  gives  the  peculiar  odor  and  appearance  to  the  excrement, 
is  not  derived  from  either  of  these  sources,  but  is  a  real  excretion,  separated 
from  the  blood  by  the  glandular  follicles  that  are  so  thickly  set  in  tl^  intes- 
tinal walls,  and  especially  at  the  upper  part  of  the  large  intestine. 


CHAPTER  IV. 

OF  ABSORPTION  AND  IMBIBITION. 

1.   General  Considerations. 

166.  The  process  by  which  the  alimentary  materials,  whether  in  their 
original  fluid  form  (as  in  the  case  of  Plants),  or  after  they  have  been  re- 
duced to  that  form  by  the  digestive  process  (as  in  AnimalsV  are  introduced 
into  the  living  body,  is  termed  Absorption.  Before  consiaering  the  parti- 
cular conditions  under  which  this  operation  is  performed  in  lie  different 
classes  of  Organized  beings,  it  will  be  right  to  consider  what  is  its  essential 
character,  and  how  far  Physical  principles  can  be  applied  to  its  elncida- 
tion. — It  was  formerly  the  general  opinion  that  Absorption  is  always  effected 
by  vessels,  the  open  mouths  of  which,  being  in  contact  with  the  fluid,  might 
imbibe  it  by  capillary  attraction,  suction,  or  other  like  agencies ;  and  hypo- 
thetical **  absorbent  vessels"  were  inferred  to  exist  in  all  beings,  even  in  the 
simplest  Cellular  Plants,  as  the  channels  whereby  fluids  are  received  at  the 
surface  and  conveyed  into  the  ip^rior.  But  it  has  been  shown  by  minute 
Anatomical  inquiry,  that  in  no  one  instance  are  absorbent  vessels  thus 
brought  into  immediate  relation  with  the  fluid  to  be  received  by  them^  bnt 
that  the  transmission  always  takes  place  in  the  first  instance  through  soma 
tissue  of  a  membranous  character ;  and  further,  that,  in  a  great  number  <^ 
cases,  vessels  are  not  concerned  in  the  process  at  all,  the  fluid  being  at  once 
received  into  the  tissues  which  it  is  destined  to  nourish.  Thus,  we  shall 
find  that  neither  in  the  roots  of  Plants,  nor  in  the  walls  of  the  alimentaiy 
canal  of  Animals,  do  the  absorbent  vessels  commence  in  open  mouths;  bat 
that  all  the  fluid  which  enters  them,  must  first  traverse  the  membrane  whieh 
covers  their  extremities ;  whilst  in  the  lowest  members  of  both  kingdoms, 
and  in  the  early  embryonic  condition  of  the  higher,  the  external  inyestment, 


GENERAL  CONSIDERATIONS.  207 

or  that  reflexion  of  it  which  lines  the  digestive  cavitj  (§  122),  has  an  equal 
power  of  imbibition  throaghont  its  entire  surface,  and  communicates  a  por- 
tion of  that  which  it  has  taken  up  to  the  tissues  in  contact  with  it,  whence 
it  is  progressively  transmitted  to  the  more  remote  parts — and  this  without 
the  aid  of  any  system  of  vessels,  either  for  the  Absorption  or  for  the  Cir- 
culation of  nutritive  fluid.  And  even  in  the  most  elaborately  constructed 
organisms,  we  find  that  a  considerable  portion  of  the  tissues  is  nourished  by 
the  same  kind  of  imbibition — ^not,  however,  from  the  external  surface,  or 
from  the  walls  of  the  digestive  cavity,  but  from  nearer  sources  of  supply. 
Thus,  the  substance  of  proper  cellular  Cartilage  is  entirely  nourished  by 
imbibition  from  the  bloodvessels  which  bring  the  nutriment  to  its  surface 
and  edges ;  the  dense  tissue  of  Bones  and  Teeth  is  in  like  manner  traversed 
by  nutritious  fluid,  which  is  drawn  from  the  vessels  of  the  nearest  vascular 
canal  or  cavity ;  and  the  Epidermic  and  Epithelial  tissues  which  cover  the 
surfaces  and  line  the  cavities  of  the  body,  must  derive  their  nourishment 
from  vessels  ramifying  on  the  opposite  side  of  the  basement-membrane 
whereon  tiiey  rest. — ^Thus  it  appears  that  the  first  introduction  of  fluid  into 
the  organism  by  Absorption^  is  but  a  particular  case  of  that  Imbibition, 
which  takes  a  most  important  part  in  its  subsequent  diffusion  through  the 
system,  even  when  the  most  complete  vascular  apparatus  exists ;  and  it  wiU 
be  right,  therefore,  to  consider  in  the  first  instance  what  are  the  physical 
conditions  of  Imbibition. 

167.  When  any  porous  substance  (not  already  saturated)  is  brought  in 
contact  with  a  liquid  which  has  such  a  molecular  attraction  for  its  particles 
as  to  be  capable  of  ''wetting"  it,  the  liquid  is  imbibed  by  it,  and,  if  the 
force  of  imbibition  be  strong  enough,  is  speedily  diffused  through  the  whole 
This  force  depends  in  part  upon  the  degree  of  attraction  subsisting 
;  the  particles  of  the  solid  and  those  of  the  fluid;  and  in  part  upon 
the  size  of  the  capillary  pores  or  canals.  Thus,  it  was  found  by  Professor 
Mattencci,*  that,  when  glass  tubes  of  about  three-fourths  of  an  inch  in  dia- 
meter were  filled  with  fine  sand,  previously  dried,  and  introduced  without 
pressure,  and  were  immersed  at  their  lower  ends  into  the  following  liquids, 
the  action  of  imbibition  (which  took  place  at  first  rapidly,  then  more  slowly, 
and  then  ceased  after  about  ten  hours)  raised  the  liquids  in  the  tubes  to  the 
following  heights  respectively : — 

Solution  of  carbonate  of  potash 85  millimetres. 

Solation  of  sulphate  of  copper 76  ** 

Senun  of  blood 70 

Solation  of  carbonate  of  ammonia  .62  <*        « 

IMstiUed  water 60  « 

Solation  of  common  salt 68  " 

Bfilk 66 

Vhita  of  egg  diluted  with  its  own  volume  of  water,        .86  <' 

Wlien  thick  solutions  of  gum  or  starch,  of  fixed  oils,  were  employed  scarcely 
mar  imbibition  took  place ;  and  it  was  but  little  more,  when  strong  saline 

BofntionB  were  used ^The  degree  in  which  imbibition  is  affected  by  the 

pecnliar  attractions  subsisting  between  the  solids  and  the  liquids  employed, 
18  further  Olnstrated  by  the  following  experiment.  Three  tubes,  respectively 
filled  with  sand,  pounded  glass,  and  sawdust,  were  immersed  at  their  lower 
extremities  in  water,  and  three  similar  tubes  in  alcohol ;  the  following  were 
the  comparative  results : — 

*  "Lectnrea  on  the  Physical  Phenomena  of  Living  Beings,"  translated  hy  Dr.  Pereira, 
Am,  JBd,9  pp.  21,  €t  uq. 
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Sand. 

Ponnded  GIbm. 

Sawdust 

Alcohol 

.      85  milUm. 

175  millim. 

125  minim. 

Water 

.     175      " 

182      " 

60      " 

Thus  we  see  that,  whilst  the  imbibition  of  the  two  liquids  took  place  into 
the  pounded  glass  in  nearly  an  equal  degree,  the  quantity  of  water  drawn 
up  by  the  sand  was  more  than  double  that  of  the  alcohol,  whilst  precisely 
the  reverse  effect  obtained  in  the  case  of  the  sawdust,  the  quantity  of  alcohol 
imbibed  being  more  than  double  that  of  the  water That  the  force  of  im- 
bibition is  dependent  in  part  upon  the  size  of  the  capillary  channels,  was 
proved  by  the  fact  that,  when  the  experiment  was  tried  with  two  tubes,  both 
holding  pounded  glass,  but  one  of  them  containing  twice  as  much  as 
the  other  (the  powder  being  finer,  and  the  capillary  channels  being 
consequently  more  minute),  water  was  found  to  rise  in  the  fullest  tube 
to  170  millim.,  in  the  same  time  which  it  occupied  to  rise  to  107  millim.  in 

the  other Temperature,  also,  was  found  to  have  a  remarkable  influence 

upon  the  result;  for  two  tubes,  similarly  prepared  with  sand,  haying  had 
their  extremities  immersed  in  water,  and  having  been  kept,  the  one  at  ISP 
Fahr.,  and  the  other  at  59^  Fahr.,  the  water  rose  in  eleven  minutes  to  175 
millim.  in  the  former,  whilst  in  the  same  period  it  only  rose  to  12  millim.  in 
the  latter.  Hence,  we  see  that  an  elevation  of  temperature  has  not  only  i 
direct  influence  in  augmenting  vital  activity,  but  that  it  assists  in  supplying 
an  essential  condition  of  that  activity,  by  promoting  the  transmission  of 
nutritive  fluid  through  the  textures. 

168.  But  further,  when  two  liquids  capable  of  mixing  together  freely, 
without  chemical  decomposition,  are  allowed  to  do  so,  there  is  a  tendency 
in  each  to  a  uniform  diffusion  through  this  other.  The  laws  of  this  "Dif- 
fusion of  Liquids"  have  been  recently  investigated  by  Prof.  Graham  (the 
discoverer  of  the  law  of  the  ''diffusion  of  gases");  and  the  following  are 
some  of  the  results  obtained  by  him,  which  bear  most  directly  upon  the 
present  subject.^ — ^The  phenomenon  was  studied  by  means  of  a  simple  ap- 
paratus, consisting  of  an  open  phial  to  contain  the  liquid  to  be  diffused 
which  was  inmiersed  in  a  large  jar  of  pure  water.  The  diflhsion  wai 
stopped,  generally  after  seven  or  eight  days,  by  closing  the  mouth  of  the 
phial  with  a  plate  of  glass,  and  then  raising  it  out  of  the  water-jar;  und 
the  quantity  of  the  liquid  which  had  found  its  way  into  the  water-jar,  (or 
the  ''diffusion  product,")  was  then  determined  by  evaporating  it  to  dryness. 
The  characters  of  "liquid  diffusion"  were  first  examined  in  detaQ  in  refe^ 
ence  to  common  salt;  and  it  was  found  that  when  the  amount  of  diffo- 
sion  from  solutions  containing  1,  2,  3,  and  4  per  cent.,  was  compared,  it 
varied  nearly  in  the  same  proportions,  being  in  each  case  about  one-eighth 
of  the  whole  amount,  after  a  period  of  eight  days.  But  here,  too,  tempera- 
ture has  a  remarkable  influence :  for  an  elevation  of  SO**  Fahr.  was  found 
to  double  the  quantity  of  salt  diffused  in  a  given  time. — ^Different  sabstanoes 
possess  this  property  of  diffusibflity  in  very  varying  degrees;  thus,  when 
solutions  of  the  following  substances  were  employed,  of  the  strong^  of  SO 
parts  to  100  of  water,  the  relative  quantities  diffused  in  a  given  Ume  were 
as  follows : — 

Chloride  of  soditun       .  68.68  Cry stallixed  cane-sugar,  .  26.74' 

Sulphate  of  magnesia,  .  27.42  Staroh-sugar  (glucose),  .  26.94 

Nitrate  of  soda,    .        .  61.66  Gum-arabic,     .  .  18.24 

Sulphate  of  water,        .  69.82  Albumen,          .        .  .  8.06 

The  low  diffusibility  of  albumen  is  very  remarkable ;  and  it  is  further  to  be 
I  "Philosophical Transactions,"  1850, p.  1,  et  ieq. 
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noticed  that  if  common  salt,  sugar,  or  area  (which  is  as  highly  diffusible  as 
chloride  of  sodium)  be  added  to  the  albumen  under  diffusion,  they  difiuse 
away  from  this  as  readily  as  from  their  aqueous  solutions,  leaving  the  albu- 
men behind  in  the  phial.  So,  when  solutions  of  two  salts  arc  mixed  in  the 
phial,  they  diffuse  out  into  the  water-atmosphere  separately  and  independ- 
ently of  each  other,  according  to  their  respective  individual  diffusibilities. 
In  comparing  the  diffnsibility  of  different  salts,  it  was  found  that  equal 
weights  of  "  isomorphous"  compounds,  dissolved  in  ten  times  their  weight 
of  water,  diffused  themselves  to  the  same  amount.  And  further,  one  salt, 
such  as  nitrate  of  potash,  will  diffuse  into  a  solution  of  another  salt,  such 
as  nitrate  of  ammonia,  as  rapidly  as  into  pure  water;  the  solutions  appear- 
ing to  have  that  mutual  diffnsibility,  which  gases  are  known  to  possess 

(|  266) The  properties  of  different  substances  in  regard  to  their  relative 

diffusibUity,  cannot  but  have  an  important  influence  on  the  course  of  the 
vital  operations.  Thus  the  low  diffusibility  of  albumen  obviously  tends  to 
the  retention  of  the  serous  fluids  within  the  tissues ;  whilst  the  high  diffusi- 
bility of  urea  will  favor  its  escape  from  them. 

169.  Both  of  these  agencies — ^the  imbibition  of  fluids  by  porous  solids, 
and  the  mutual  diffusion  of  miscible  liquids — seem  to  be  concerned  in  the 
production  of  that  curious  phenomenon,  to  which  the  term  Endosmose  was 
given  by  its  discoTerer,  Dutrochet ;  and  this  process  bears  so  close  a  re- 
semblance to  a  vast  number  of  the  operations  continually  taking  place  in 
the  living  body,  that  it  is  scarcely  possible  to  doubt  that  the  same  causes 
are  in  action  in  both  cases.  The  following  is  a  general  account  of  the  pro- 
cess in  question If  into  a  tube,  closed  at  one  end  with  a  piece  of  bladder 

or  other  membra^  be  put  a  solution  of  gum  or  sugar,  and  the  closed  end 
be  immersed  in  water,  a  passage  of  fluid  will  take  place  from  the  exterior 
to  the  interior  of  the  tube,  through  the  membranous  septum ;  so  that  the 
qoantitj  of  the  contained  solution  will  be  greatly  increased,  its  strength 
being  proportionably  diminished.  At  the  same  time,  there  will  be  a  counter- 
corrent  in  the  opposite  direction ;  a  portion  of  the  gummy  or  saccharine 
solution  passing  through  the  membrane  to  mingle  with  the  exterior  fluid, 
but  in  mnch  less  quantity.  The  first  current  is  termed  Undosmose,  and  the 
counter-current  Sxotfnoie.  The  increase  on  either  side  will  of  course  be 
doe  to  the  rdative  Telocity  of  the  currents ;  and  the  changes  will  continue 
until  the  densities  of  the  two  fluids  are  so  nearly  alike,  ad  to  be  incapable 
of  maintaining  it.  The  greater  the  original  difference  (provided  that  the 
doiaer  floid  be  not  actually  viscid,  but  be  capable  of  mixing  with  the  other), 
the  more  rapidly  and  powerfully  will  the  process  be  performed.  The  best 
aeaiis  of  experimenting  upon  these  phenomena  is  afforded  by 
a  tube  narrow  above,  but  widely  dilated  below,  so  as  to  afford 
to  the  membrane  a  large  surface  compared  with  that  of  the 
superincumbent  column,  which  will  then  increase  in  height 
whh  great  rapidity.  By  bending  this  tubt;  into  the  form  of  a 
siphoa,  and  introducing  into  its  curve  a  quantity  of  mercury, 
the  force  as  well  as  the  rapidity  of  the  endosmose  between 
diffiBrent  fluids  may  be  estimated  with  precision.  In  this  way 
it  was  ascertained  by  Dutrochet,  in  some  of  his  experiments, 
that  fluid  might  be  raised  against  a  pressure  of  no  less  than  4^  atmospheres, 
or  nearly  fO  pounds  to  the  square  inch.' — Although  it  is  not  universoUy 

I  For  ftirther  information  on  this  curious  subject,  see  the  Art.  ''Endosmosis**  in  the 
"pyelopwdii  of  Anatomy  and  Pbysiologj,"  Dutrochcfs  **  Mdmoires  Anatomiqncs  el 
Phyalologiqiies,"  torn,  i.,  and  Matteucci's  **  Lectures  on  the  Physical  Plicnomeaft  of 
Uviag  Befaiga."— Jm.  Ed, 
14 
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true  that  the  actirity  of  the  process  is  proportional  to  the  ditference  in 
density  of  the  two  fluids  (for  in  one  or  two  cases  the  stronger  enrrent  passes 
from  the  denser  to  the  lighter),  it  seems  to  be  so  with  regard  to  solutions 
of  the  same  substances  (as  gum  or  sugar)  of  different  strengths.  No  en- 
dosmose  takes  place  between  fluids  which  will  not  mingle,  such  as  oil  and 
water ;  and  very  little  between  such  as  act  chemically  on  each  other.  Al- 
though an  organic  membrane  forms  the  best  septum,  yet  it  has  been  found 
that  thin  laminas  of  baked  pipe-clay  will  suffice  for  the  evident  production 
of  the  phenomenon ;  and  that  porous  limestones  possess  the  same  property 
in  an  inferior  degree. 

170.  Although  it  may  not  as  yet  be  possible  to  explain  all  the  pheno- 
mena of  Endosmose  upon  physical  principles,  yet  these  will  go  so  far  to- 
wards it,  that  the  general  conditions  of  the  process  may  be  considered  as 
well  understood.  Supposing  that  two  mutually-diffusible  liquids  are  on  the 
opposite  sides  of  a  porous  septum,  which  is  not  equally  penetrable  by  them, 
then  the  one  which  is  most  readily  imbibed  will  tend  to  occupy  the  capillary 
passages  of  the  septum,  and  will  thus  be  brought  into  contact  with  the 
liquid  on  the  opposite  side.  This  contact  will  permit  the  diffusion  of  that 
which  has  passed  through  the  pores  of  the  septum ;  and  as  fast  as  that 
which  occupies  these  pores  is  removed  by  diffusion,  so  fast  will  it  be  re- 
newed from  the  other  side — just  as  oil  continues  to  ascend  through  the 
capillary  channels  in  the  wick  of  a  lamp,  so  long  as  it  is  being  dissipated 
by  the  combustive  process  at  its  summit.  In  this  way,  then,  an  Endosmotic 
current  is  produced,  the  force  of  which  will  depend  upon  the  diffusion 
powers  of  the  two  liquids,  and  upon  the  difference  of  the  attractive  powers 
which  the  capillary  tubes  of  the  septum  have  for  each  resj^tively.  Thus, 
when  a  solution  of  sugar  or  gum  is  on  one  side  of  the  septum,  and  water 
on  the  other,  the  water  is  the  most  readily  imbibed :  and  consequently  the 
chief  mixture  and  diffusion  of  the  liquids,  the  one  through  the  other,  take 
place  at  the  surface  of  the  septum  in  contact  with  the  more  viscid  liquid. 
But  at  the  same  time,  this  liquid  is  tending  to  diffuse  itself  tlm)ugh  the 
water  which  occupies  the  capillary  channels  of  the  septum ;  and,  as  it  is  not 
repelled  by  the  septum,  but  is  only  attracted  by  it  in  a  less  degree  than  the 
water,  a  portion  of  it  finds  its  way  in  a  direction  opposed  to  tiie  prindpal 
current,  and  diffuses  itself  through  the  water  on  the  other  side,  thus  consti- 
tuting Exosmose. — Thus  it  happens  that  the  direction  of  the  principal  enr- 
rent, or  Endosmose,  will  be  determined  by  the  attractive  power  of  the  septom 
for  one  or  other  of  the  liquids ;  though  the  diffusion-power  of  ihe  liqoidfl 
through  each  other  will  help  to  determine  its  force.  When  alcohol  and 
water,  for  example,  are  separated  by  a  septum  composed  of  animal  mem- 
brane, the  endosmotic  current  will  be  from  the  water  towards  the  alcohol, 
because  the  former  liquid  most  readily  ''wets"  the  membrane,  and  conse- 
quently tends  most  strongly  to  occupy  its  capillary  passages :  bat  on  the 
other  hand,  when  the  separation  is  made  by  a  thin  lamina  of  caoatchooCi 
the  endosmotic  current  is  from  the  alcohol  towards  the  water,  becaose  tin 
former  is  most  readily  imbibed  by  the  septum. 

171.  It  has  further  been  ascertained  by  the  experiments  of  Mattencci, 
that  when  an  organic  membrane  is  employed  as  a  septum,  the  rapidity  A 
transmissioh  is  considerably  affected  by  the  direction  in  which  the  endos- 
motic current  traverses  the  membrane.  Thus,  when  the  skin  of  the  Torpedo 
was  employed,  with  a  solution  of  sugar  on  one  side  of  it,  and  water  on  the 
other,  although  there  was  always  an  endosmotic  current  from  the  water  to 
the  sugar,  yet  this  current  was  strong  enough  to  raise  the  interior  liquid  to 
80  degrees,  when  the  water  was  in  contact  with  the  internal  surface  of  the 
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membrane,  in  the  same  time  that  was  occupied  bj  its  rise  to  SO  degrees^  when 
the  tj^fttnal  surface  of  the  membmnc  was  turned  towards  the  water,  A^ain^ 
wheu  the  mucous  menibraue  of  the  stomach  of  a  dog  was  used  as  tlie  sop- 
tnm,  aad  hs  external  (or  muscular)  surface  was  placed  lEi  contact  with  alco- 
hol, the  passage  of  water  from  the  other  side  took  place  with  such  rapidity , 
a$  to  raise  the  liquid  in  the  tube  to  130  degrees;  whilst  if  the  internai  (or 
mucous)  surface  of  the  merabraue  was  placed  ia  contact  with  the  alcohol, 
and  the  muscular  surftice  with  water,  the  current  was  only  sufficient  to  mi^e 
the  liquid  6  degrees  in  the  same  time :  so  that  it  is  evident  that  the  trausn- 
daiion  of  water  takes  place  much  more  rca^lily  from  the  mucous  lining  of 
the  stomach  towards  the  outer  side  of  the  yiscus,  than  in  an  opposite  direc- 
tion, in  virtue  simply  of  the  physicoi  properties  of  the  membrane.  In  fact, 
according'  to  Prof.  Mattcncci,  the  cases  are  very  rare  in  which,  with  fresh 
membranes,  endosmose  takes  place  with  ecjual  readiness,  whichever  of  their 
two  sides  is  exposed  to  the  water.  The  direction  which  is  most  favorable 
to  endosmose  through  skins,  is  usually  from  the  internal  to  the  external 
surface,  with  the  exception  of  the  skin  of  the  frog,  in  which  the  endosmotic 
current,  in  the  single  case  of  water  and  alcohol,  takes  place  most  readily 
from  the  external  to  the  internal  surface.  But  when  stomachs  and  uramry 
bladders  arc  employed,  the  direction  varies  much  more  in  accordance  with 
the  nature  of  the  liquids  employed.  This  variation  appears  to  have  some 
relation  to  the  physiological  conditions  in  which  these  membranes  are  placed 
in  the  living  aiiimal ;  thus  the  direction  most  favorable  to  endosmose  be- 
tween water  and  sacchariue  solution,  is  not  the  same  for  the  stomach  of  a 
Kuminant  as  for  that  of  a  Carnivorous  animal :  as  yet,  however,  no  general 
statement  can  be  made  on  this  subject.  When  membranes  are  employed, 
that  have  been  dried  or  altered  by  putrefaction,  we  either  do  not  observe 
the  usual  difference  arising  from  the  position  of  the  surfaces,  or  endosmose 
no  longer  takes  place ;  thus  affording  another  indication  that  it  u  to  the 
.physical  condition  of  the  perfect ly-orgnnized  membrane,  that  we  are  to  look 
for  many  of  the  peculiarities  which  are  noticeable  in  the  trantsudation  of 
fluids  through  them. — The  Exosmotic  current  does  not  bear  any  constant 
relation  to  the  endosmotic,  as  may  be  easily  comprehended  from  the  pre- 
ceding explanation;  for  if  the  liquids  have  a  strong  tendency  to  mutual 
diffusion,  and  the  difference  in  the  attractive  power  which  the  septum  has 
for  ihem  respectively  is  not  great,  cacli  may  find  its  way  towards  the  other, 
ftnd  a  considerable  exosmose  may  ensue,  with  very  little  change  of  leveK 
The  amount  of  the  ^a^osmotic  as  of  the  mdosmoiiQ  current,  varies  with  the 
Jircetion  in  which  it  traverses  the  membrane ;  thus  when  sugar,  allmracn, 
Br  gum  was  employed  lu  solution,  its  transudation  towards  water  took  place 
most  readily  from  the  inlemal  towards  the  external  %uvfm^  of  all  the  skins  ex- 
amined by  Mattcuccl ; — a  fact  which  is  not  without  its  significance,  when  it 
is  remembered  that  it  is  in  this  direction  that  the  secretion  of  mucus  takes 
place  OD  the  skins  of  lishci*,  frogs,  Ac. 

112.  Applying  these  considerations  to  the  phenomena  of  Imbibition  of 
liquids  into  the  tissues  and  canals  of  the  living  body,  we  shall  have  to  inquire 
how  far  they  are  capable  of  being  explained  on  the  physical  principles 
which  have  been  now  brought  forwards. — It  has  been  maiutainecl  by  some 
that  Absorption  m  a  purely  riW  operation,  because  it  does  not  occur  save 
during  the  continuance  of  life.  But  this  is  not  true ;  since  imbibition  will 
take  place  into  dead  tissues,  though  more  slowly  than  into  the  same  parts 
when  living ;  and  the  difference  of  rate  seems  to  he  fully  accounted  for,  by 
the  difference  of  the  condition  between  a  mass  of  tissue  all  whose  fluids  are 
etagn&at,  and  another  in  which  an  active  circulation  is  taking  place.     Thus 


212  OF  ABSORPTION  AND  IMBIBITION. 

it  is  stated  by  Matteucci,  that  if  the  hind-legs  of  a  frog  recently  killed  be 
immersed  for  some  honrs  in  a  solution  of  ferrocjanide  of  potassium,  every 
part  of  the  yiscera  will  be  found  to  be  so  penetrated  with  the  salt,  that  by 
touching  it  with  a  glass  rod  moistened  with  a  solution  of  the  chloride  of 
iron,  a  more  or  less  deep  blue  stain  is  the  result.  Now  the  same  effect  is 
produced  much  more  speedily  in  a  living  frog ;  and  it  is  easily  proved  that 
the  imbibition  takes  place,  in  the  latter  case,  into  the  bloodvessels,  and  that 
the  salt  is  conveyed  to  the  remoter  parts  of  the  body  by  the  circulation, 
instead  of  having  slowly  to  make  its  way  by  transudation  through  the  tis- 
sues,  as  in  the  dead  animal. — ^But  further,  not  only  does  the  movement  of 
blood  in  the  vessels  promote  the  diffusion  of  liquid  which  has  been  already 
absorbed ;  it  also  increases  the  rapidity  of  the  absorption  itself  in  a  very 
extraordinary  degree.  Thus,  if  a  membranous  tube,  such  as  a  piece  of  the 
small  intestine  or  of  a  large  vein  of  an  animal,  be  fixed  by  one  extremity  to 
an  opening  at  the  bottom  of  a  vessel  filled  with  water,  and  have  a  stopcock 
attached  at  the  other  extremity,  and  be  then  immersed  in  water  acidolated 
with  sulphuric  or  hydrochloric  acid,  it  will  be  some  time  before  the  acid 
will  penetrate  to  the  interior  of  the  tube  which  is  distended  with  water ;  but 
if  the  stopcock  be  opened,  and  the  water  be  allowed  to  discharge  itself,  the 
presence  of  the  acid  will  he  immediately  discovered  (by  tincture  of  litmus) 
in  the  liquid  which  flows  out,  showing  that  the  acid  has  been  assisted  in  its 
penetration  of  the  walls  of  the  tube,  by  the  passage  of  a  current  through 
its  interior.  Thus  the  continuance  of  the  Circulation  is  obviously  one  of 
the  most  potent  of  all  the  conditions  of  Absorption ;  and  the  difference  in 
the  rate  of  the  process  in  dead  and  living  organisms  placed  under  the  same 
circumstances,  may  be  accounted  for  in  great  part,  if  not  entirely,  by  the 
stoppage  of  the  circulation  in  the  former.  All  the  circumstances  which  are 
laid  down  by  Physiologists  as  fiavoring  Absorption,  are  in  strict  accordance 
with  the  Physical  principles  which  have  been  now  explained.  These  cir- 
cumstances are:  1.  The  ready  miscibility  of  the  liquids  to  be  absorbed, 
with  the  juices  of  the  body.  2.  The  penetrabUity  of  the  tissne  throngfa 
which  the  absorption  takes  place.  3.  The  absence  of  previous  distension 
in  the  tissues  or  canals  towards  which  the  flow  takes  place.  4.  The  eleva- 
tion of  the  temperature,  within  certain  limits.  5.  The  vascularity  of  the 
tissue,  and  the  rate  of  movement  of  the  blood  through  the  vessels. — ^And 
the  results  of  experiments  upon  recently  dead  membranes,  which  retain 
almost  exactly  the  same  physical  conditions  as  those  which  they  possessed 
during  life,  but  have  entirely  lost  their  vital  properties,  seem  most  decidedJj 
to  indicate,  that  the  relative  facility  with  which  different  substances  are 
absorbed,  and  the  direction  most  favorable  to  their  passage  throngh  the 
tissues,  are  determined  in  great  part  by  the  physical  relations  which  those 
tissues  (and  the  vessels  that  traverse  them)  bear  to  the  liquid  which  ii 
seeking  to  enter  them.  Jn  this  way,  then,  many  of  the  phenomena  of  sabe- 
the  absorption  arc  probably  to  be  explained,  especially  in  Plants  and  the* 
lower  Animals :  and  others  will  be  shown  to  be  due  to  the  endowments  of 
the  cells  which  are  in  relation  with  the  Absorbent  vessels  at  their  origin. 

2.  Absorption  tn  Vegetables. 

1T3.  In  the  lowest  orders  of  Plants,  we  find  this  function  performed 
under  its  most  simple  conditions.  Their  substance  is  composed  of  vesides 
more  or  less  firmly  united  to  each  other,  and  but  slightly  altered  from  their 
<Nriginal  spheroidal  form ;  and  the  envelop  which  surrounds  them  can  seldom 
be  regarded  as  a  distinct  structure,  generally  differing  but  little  from  the 
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remainder  of  the  ccUalar  tissue.  In  all  the  Alg€c  (§  24),  the  whole  surface 
appears  to  be  endowed  with  the  power  of  absorption  to  nearly  an  equal  de- 
gree; and  although  the  semblance  of  a  stem  and  roots  presents  itself  in  the 
higher  orders,  yet  these  seem  to  have  no  other  function  than  to  give  the 
means  of  attachment  to  the  frondose  expansion.  The  preference  of  parti- 
cnlar  species  of  AlgsB  for  particular  rocks,  cannot  be  fairly  considered  to 
indicate  that  any  special  absorption  of  the  mineral  particles  takes  place 
through  their  roots ;  it  is  much  more  probably  due  to  the  fact,  that  the 
materials  of  these  rocks  are  in  some  degree  diffused  by  solution  through 
the  neighboring  water:  and  something  may  be  also  attributable  to  the 
mechanical  qualities  of  the  rocks,  as  affording  advantageous  surfaces  for 
attachment. — The  difference  in  the  situation  inhabited  by  the  Lichens  (§  25) 
appears  to  involve  a  separate  appropriation  of  portions  of  their  surface  to 
the  nutritive  and  reproductive  functions,  and  a  certain  specialization  of  the 
absorbing  ofgans.  The  upper  surface  of  these  plants,  being  exposed  to  the 
son  and  air,  becomes  hard  and  dry,  a  condition  which  seems  to  favor  the 
evolntion  of  the  fruit ;  whilst  it  is  mostly  by  the  lower  surface,  which  is 
Qsoally  soft  and  pale,  that  the  nutriment  is  introduced  into  the  system.  The 
latter  is  not  nnfrequently  furnished  with  hair-like  prolongations,  which  not 
only  serve  to  fix  the  plant,  but  appear  to  be  much  concerned  in  the  absorp- 
tion of  its  aliment ;  being  so  much  developed  in  some  Lichens,  which  are 
located  upon  the  ground,  as  almost  to  resemble  roots. — In  the  Fungi^  wc 
find  the  same  evolution  of  the  more  special  organ  from  the  more  general 
type.  The  lower  forms  of  this  group  (§  26)  seem  to  imbibe  their  aliment 
by  their  whole  surface;  but  in  the  more  complex  structures,  in  which  the 
reproductive  system  is  separated  from  the  nutritive  by  the  intervention  of 
a  stalk  (as  in  the  Mushroom),  the  mycelium  at  its  base  is  prolonged  into 
filaments,  whereby  the  decaying  matter,  that  constitutes  the  food  of  this 
remarkable  group  of  plants,  is  introduced  into  the  system.  In  some  species, 
too,  the  whole  surface  is  covered  with  hair,  which  may  assist  their  very  rapid 
development  by  absorption  of  fluid  from  the  atmosphere. — In  the  Mosses 
ind  their  allies  (§  27),  we  find  a  somewhat  higher  form  of  the  same  struc- 
ture. From  the  base  of  the  stem  there  usually  proceed  slender  radical  fila- 
ments, which  sometimes  ramify  through  the  soil  to  a  considerable  extent ; 
and  other  similar  filaments  are  frequently  developed  from  the  sides  of  the 
stalk,  and  from  the  lower  surfaces  of  the  leaves.  In  Mosses  that  exist  on 
rocks,  however,  these  filaments  are  but  little  developed,  and  appear  to  serve 
nrther  for  mechanical  support,  than  for  absorption  of  nourishment,  which 
most  in  snch  circumstances  be  derived  from  the  atmosphere  through  the 
leaTea.  These,  as  is  well  known,  arc  vpry  permeable  to  fluids,  so  that  the 
application  of  moisture  will  cause  Mosses  to  recover  the  appearance  of  life 
after  being  long  dried;  and  the  same  property  enables  these  beautiful  little 
plants  to  vegetate  rapidly  during  a  moist  season,  whilst  their  tenacity  of 
life  enables  them  to  withstand  a  subsequent  drought — In  ascending  through 
these  tribes  of  Cryptogamia,  then,  we  may  trace  a  gradual  development  of 
separate  absorbent  organs,  and  may  observe  the  specicdization  of  the  func- 
tion, by  its  restriction  to  one  particular  part  of  the  surface,  instead  of  being 
diffused  over  the  whole.  The  absorbent  filaments,  however,  are  very  in- 
ferior in  their  structure  to  true  "roots,"  being  little  else  than  elongated 
cells,  resembling  the  hairs  with  which  other  parts  of  the  surface  are  covered ; 
and  they  seem  to  absorb  fluids  equally  throughout  their  entire  length.  Fur- 
ther, we  find  that,  when  these  special  organs  are  not  developed,  or  are  in- 
snfBciently  supplied  with  nutriment,  the  general  surface  can  take  on  its 
original  function,  and  thus  supply  the  deficiency. 
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It 4.  It  is  in  the  Ferns  (§  28)  that  we  first  meet  with  a  regular  "  descend- 
ing axis"  of  growth,  from  which  the  absorbent  fibres  are  given  off;  and  this 
is  evolved  in  its.  completest  form  in  the  Phanerogamia  (§  29).  In  these 
Vascular  plants,  moreover,  it  seems  to  be  through  the  newly-formed  succu- 
lent extremities  alone,  that  fluid  is  admitted ;  and  the  function  is,  of  course, 
more  actively  performed  by  them,  in  proportion  to  the  diminution  in  the 
amount  of  surface  they  expose.  The  root  presents  a  great  variety  of  forms 
in  different  plaifts ;  there  are,  however,  some  parts  which  are  essential,  and 
others  that  are  merely  accessory.  The  simplest  form,  as  well  as  the  most 
essential  part,  consists  of  single  fibres ;  these  occasionally  exist  alone  (as 
at  the  base  of  "bulbs"),  but  more  often  proceed  from  ramifying  branches 
of  woody  texture  (as  in  most  trees  and  shrubs),  or  from  "tubers"  (as  that 
of  the  turnip).  Each  radical  fibre  is  of  a  structure  far  more  complex  than 
the  absorbent  filaments  just  mentioned  as  existing  in  Cellular  plants ;  for  it 
is  a  cylinder,  in  whose  axis  lies  a  bundle  of  fibro-vascular  tissue,  whilst  its 
exterior  is  composed  of  firm  cellular  parenchjrma ;  at  its  free  termination, 
however,  the  extremities  of  the  vessels  are  covered  with  loosely-formed  cellu- 
lar tissue,  through  which  the  fluid  passes  into  them.  The  spongiole,  as  this 
point  has  been  termed,  is  sometimes  spoken  of  as  a  distinct  organ ;  but  it  is 
nothing  more  than  the  growing  point  of  the  root,  which,  with  a  few  excep- 
tions, lengthens  only  by  additions  to  its  extremity.  The  soft  lax  texture 
of  the  newly-formed  part  causes  it  to  possess,  in  an  eminent  degree,  the 
power  of  absorption ;  but  as  the  fibre  continues  to  grow,  and  additional 
tissue  is  formed  at  its  extremity,  that  which  was  formerly  the  spongiole  be- 
comes consolidated  into  the  general  structure  of  the  root,  and  loses  almost 
entirely  its  peculiar  properties.  That  it  is  to  the  spongioles  that  the  prin- 
cipal absorbing  power  of  the  root  is  due,  was  fully  proved  by  the  experi- 
ment of  Senebier.  Having  fixed  two  root^  in  such  a  manner,  that  the  ex- 
tremity of  one  was  in  contact  with  water,  whilst  of  the  other  every  part  was 
immersed  except  the  extremity,  he  found  that  the  first  root  absorbed  nearly 
as  much  as  usual,  whilst  the  second  scarcely  took  up  a  sensible  quantity. 
It  is  not  improbable  that  the  relative  absorbent  power  of  the  spongioles 
and  of  the  general  surface  of  the  root,  may  vary  in  different  plants,  accord- 
ing to  the  character  of  the  texture  of  each,  and  the  situation  in  wluch  it 
grows ;  but  it  appears  to  be  a  general  fact,  that,  in  Yascular  plants,  the 
spongioles  are  the  organs  specially  destined  for  introducing  the  fluid  nutri- 
ment into  the  system. 

175.  There  are  evident  limits  to  the  supply  of  alimentary  materials  to 
the  roots  of  Plants,  so  long  as  they  remain  in  the  same  spot ;  and  some 
change  must  take  place  to  insure  its  continuance.  As  the  Plant  cannot 
remove  itself  to  a  new  situation,  its  wants  are  provided  for  by  tHe  simple 
elongation  of  its  radical  fibres ;  and  their  extension  takes  place,  not  by 
increase  throughout  their  whole  length,  but  by  addition  of  fresh  tissue  to 
their  points.  This  addition,  being  made  in  the  direction  of  least  resistance, 
enables  the  fibrils  to  insinuate  themselves  into  the  firmest  soil,  and  even  to 
overcome  the  obstacle  presented  by  solid  masonry ;  for  however  narrow  the 
crevice  may  be  into  which  the  filament  enters,  the  subsequent  expansion  of 
the  tissue  by  the  infiltration  of  fluid  is  so  great,  as  to  enlarge  the  opening 
considerably,  and  even  to  rupture  masses  of  stone.  This  tendency  to 
increase  in  the  direction  of  least  resistance,  will  also  evidentiy  cause  the 
root  to  grow  towards  a  moist  situation ;  and  by  keeping  this  in  view,  many 
of  the  facts  regarding  the  so-called  instinct  of  plants,  which  at  first  sight 
appear  so  remarkable,  may  be  satisfactorily  explained.  Thus,  it  was 
noticed,  when  the  water  of  the  New  River  was  conveyed  through  wooden 
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pipes,  that  if  these  pipes  were  carried  within  thirty  yards  of  trees,  they 
were  very  likely  to  be  in  time  obstructed  })y  their  roots;  which  "found" 
the  joints,  and  then  spread  out  in  "foxtails"  of  fibres,  two  or  three  feet 
long.  It  is  well  known  to  the  agriculturist,  that  the  course  of  large  drains, 
eTen  at  a  considerable  depth  in  the  ground,  is  liable  to  be  interru])tcd  by 
the  extension  of  roots,  not  only  from  trees,  but  also  from  apparently  insig- 
nificant plants.  Thus  at  Saucethorpe,  in  Lincolnshire,  a  drain  nine  feet 
deep  was  filled  up  by  the  roots  of  an  elm  tree,  which  was  growing  at  up- 
waitls  of  fifty  yards  from  the  drain  ;  a  deep  drain  outside  the  garden  wall 
at  Welbeck  was  entirely  stopped  by  the  roots  of  some  horseradish  ])lants, 
which  grew  seven  feet  into  the  ground :  and  at  Thoresby  Park,  a  drain 
fourteen  feet  deep  was  entirely  stopped  by  the  roots  of  gorse  growing  at  a 
distance  of  six  feet  from  it.* — In  other  cases,  we  must  attribute  the  result 
to  the  dispersion  of  yapor  through  the  atmosphere  in  a  particular  direction. 
Thas,  in  a  case  which  fell  under  the  Author's  cognizance,  a  lime-tree, 
which  grew  at  the  distance  of  about  fifteen  feet  from  the  shaft  of  a  well, 
sent  a  single  long  root  through  the  soil,  in  a  direct  line  towards  a  point  of 
the  shaft  at  which  there  was  a  small  aperture  left  by  the  deficiency  of  a 
brick :  this  aperture  was  at  a  height  of  eleven  feet  above  the  usual  level  of 
the  water  in  the  well ;  and  the  root,  having  passed  through  it,  divided  into  a 
brash-like  mass  of  fibres,  which  descended  into  the  water,  and  formed  a  large 
mass  in  the  lower  part  of  the  well.  Again,  in  a  peculiar  case  known  to  the 
Author,  in  which  one  tree  grew  upon  the  trunk  of  another,  having  origi- 
nated from  a  seed  deposited  at  about  twelve  feet  above  the  ground,  one  of 
the  large  roots  which  it  sent  down,  subdivided  about  two  feet  above  the 
surface  of  the  ground,  instead  of  proceeding  directly  down  to  it,  as  did  all 
the  rest.  Now  this  subdivision  took  place  above  a  large  stone,  on  the  cen- 
tre of  which  the  root  would  have  impinged,  if  it  had  continued  to  grow 
directly  downwards ;  and  it  would  appear  as  if  its  division,  half  proceeding 
to  one' side,  and  half  to  the  other,  was  due  to  the  direction  given  to  its 
growth  by  the  ascent  of  vapor  from  the  soil  beneath.  On  the  .same  prin- 
ciple we  are  probably  to  explain  the  following  case.  "  Near  the  waterfall 
at  the  head  of  the  River  Leven,  in  the  Western  Highlands,  i»  the  trunk  of 
a  decayed  oak,  rotten  within,  but  alive  on  some  parts  of  the  outside.  From 
one  of  these,  a  shoot  grows  out,  about  fifteen  feet  from  the  ground :  and 
this  shoot  has  protruded  from  its  lower  part  a  root,  which,  after  Imving 
reached  the  ground  (a  bare  rock),  runs  along  the  rock  in  a  horizontal  poni- 
tion,  about  thirty  feet  further,  till  it  reaches  a  bank  of  earth  in  which  it  ha^ 
imbedded  itself.'" 

1T6.  The  absorbent  power  of  the  Spongioles  appear.-:  linjifrd  by  the  hize 
of  their  pores ;  for  if  the  roots  be  immersed  in  colored  Kolution.-^,  th'v  take 
np  the  most  finely  divided  particles,  leaving  behind  the  lar/cr  njol(reiile«, 
which  are  only  absorbed  when  the  spongioles  have  bef-n  damafre'J.  Tlie 
pores  are  liable  to  be  blocked  up  by  fluids  which  are  of  too  vi-cid  or  t'lutin- 
0U8  a  consistence  to  pass  readily  through  them :  and  if  the  root-  b<:  imnj'rrred 
in  a  thin  solution  of  gum  or  sugar  or  neutml  i^alt.^,  the  watery  partiol^:-  are 
absorbed  in  the  greatest  degree,  so  that  the  ]ioriiojj  which  ii-  left  ron?airi-  a 
larger  proportion  of  the  ingredient  in  solution.  The  yiow-r  of  h*:Urtion. 
however,  would  seem  to  extend  beyond  thi.s :  f-ince  of  f*o  -aii-txin/i-r  *:t{\'u..y 
dissolved,  some  plants  will  take  one,  and  Fome  th*;  otL'rr:  vihij-t  -or;.*:  r.*-- 
tral  salts  arc  rejected  altogether.     Ii  does  not  ap]y*:ar  \\.'^\  tLe  '0:<:\^z 

'  **  Journal  of  the  Royal  .-\$nicuUura1  .S^/c;  •:•.;. ,     V',;.  I.  |,    :;,» 
«  «*  Gardeners*  Magazine,"  Oct  1,  lc:i7. 
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power  is  employed  to  preyent  matter,  which  is  capable  of  exerting  a  dele- 
terious influence  upon  the  plant,  from  being  introduced  into  its  tissue ;  for 
many  substances  are  taken  up  by  the  roots,  which  speedily  put  a  stop  to 
vital  action,  if  opportunity  be  not  afforded  for  their  excretion.  From  the 
little  that  is  at  present  known  on  the  subject,  it  seems  a  reasonable  infer- 
ence, that  the  rejection  of  any  particular  iugredient  of  the  fluid  in  contact 
with  the  roots,  results  either  from  an  organic  change  eflTected  by  it  on  their 
delicate  tissue  (such  as  is  proved  by  the  experiments  of  M.  Payen^  to  occur 
when  tannin  enters  into  the  solution,  eren  in  yery  minute  proportion),  or 
from  the  want  *of  molecular  attraction  between  its  particles  and  the  sub- 
stance of  the  spongioles.  That  some  kind  of  relation  between  the  living 
tissue  and  the  crystalline  character  of  the  salt,  is  concerned  in  the  selection, 
appears  from  the  interesting  results  of  the  experiments  of  Dr.  Daubeny  on 
the  absorption  of  mineral  substances  by  Plants.  He  has  found  that,  if  a 
Plant  naturally  absorbs  the  compounds  of  any  particular  base,  it  may  also 
take  up  those  of  another  base  which  are  iiomdrphous  with  them  (most  vege- 
tables, for  example,  absorbing  the  salts  of  Lime  and  Magnesia  with  equal 
readiness)  ;  whilst  salts,  however  soluble,  which  have  a  crystalline  arrange- 
ment different  from  theirs  (such  as  those  of  Strontia)  are  not  absorbed.^— 
The  quantity  of  fluid-  absorbed,  and  the  force  with  which  it  is  propelled 
upwards  in  the  stem,  vary  not  only  in  different  species  and  individuals,  but 
in  the  same  plant  at  different  periods  of  the  year,  and  even  of  the  day.  The 
former  seems  intimately  connected  with  the  activity  with  which  the  other 
processes  of  vegetation  are  being  carried  on,  and  especially  to  depend  upon 
the  quantity  of  vapor  transpired  from  the  leaves  (Chap.  YH.) ;  all  the 
causes  which  increase  exhalation,  may  therefore  be  considered  as  stimulants 
to  absorption  also.  The  vU  a  tergo  possessed  by  the  ascending  sap,  is  sof- 
ficiently  proved  by  the  celebrated  experiments  of  Hales  on  the  vine.  By 
gages  affixed  to  the  stem  during  the  ''  bleeding-season,"  when  the  sap  rises 
rapidly,  he  found  that  a  column  of  mercury  26  inches  high,  equaJ  to  a 
column  of  water  of  nearly  81  feet,  might  be  supported  by  the  propellent 
force  of  the  absorbent  organs ;  but  if  the  upper  part  of  the  plant  was  cut  oll^ 
this  power  soon  diminished,  and  after  a  time  ceased  altogether. 

177.  There  would  seem  much  reason  to  believe,  that  the  mere  act  of 
Absorption  in  this  and  other  cases,  is  due  to  the  physical  property  already 
referred  to,  as  possessed  by  many  organized  tissues — ^viz.,  the  cafmbility  of 
producing  Endosmose  (§  169).  The  succulent  extremities  of  the  spongioles 
serve  as  the  medium  required  for  this  process ;  but  it  may  be  reaeoniJ>ly 
inquired  whence  the  other  condition  is  furnished,  namely,  that  dUTerence  in 
density  of  the  fluids  on  the  opposite  sides  of  the  septum,  which  is  necessaiy 
for  the  commencement  and  continuance  of  the  action.  This  is  supplied,  in 
the  first  instance,  by  the  store  of  nutritious  matter  obtained  by  the  embiyo 
from  its  parent,  and  contained  within  its  tissues ;  and,  possibly,  at  a  latiar 
period,  when  the  plant  is  supporting  an  independent  existence,  by  the 
admixture  of  a  portion  of  the  dense  elaborated  sap,  with  the  crude  and 
watery  ascending  fluid.  If  this  be  the  true  explanation  of  the  phenomenon, 
a  counter-current  ought  to  exist,  and  an  exosmose  of  the  fluids  within  the 

I  **  Aniudes  dee  Soienoes  Naturelles,"  Denzidme  S^rie,  Botan.,  Tom.  ill.  p.  6,  fte. 

*  **  LinniBan  TruisactionB,"  1888.— -Some  recent  experiments,  howeter,  by  the  sum 
distinguished  Chemist,  indicate  that  potash  and  soda  cannot  be  substituted,  one  for  the 
other,  in  the  Tegetable  organism,  to  anj  great  extent ;  for  the  proportions  of  these  two 
bases  in  the  alkaline  ash  of  barley  are  nearly  the  same,  whether  the  soil  in  which  the 
barley  is  grown  be  manured  with  potash  or  with  soda,  or  be  left  without  artificial  addi- 
tion.   (See  "Journal  of  the  Chemical  Society,"  Vol.  Y.  p.  9.) 
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Bystem  shonld  take  place  into  the  surrounding  medium.  That  this  is  actu- 
ally the  case,  would  appear  from  the  fact,  that  an  excretion  of  the  peculiar 
products  of  the  species  may  be  often  detected  around  the  roots  of  the  plant. 
The  cessation  of  this  action  of  admixture  (a  change  evidently  depending 
upon  other  yital  actions)  at  the  death  of  a  plant,  fully  accounts  for  the  non- 
continuance  of  endosmosc ;  which  is  also  checked  if  the  superincumbent 
column  of  fluid  be  not  drawn  off  by  the  leaves.  It  has  been  very  justly  re- 
marked by  Professor  Henslow,  that,  ''if  we  suppose  the  plant  capable  of 
removing  the  imbibed  fluid  as  fast  as  it  is  absorbed  by  the  spongioles,  then 
we  may  imagine  the  possibility  of  a  supply  being  kept  up  by  the  mere  hygro- 
scopic property  of  the  tissue ;  much  in  the  same  way  as  the  capillary  action 
of  the  wick  in  a  candle  maintains  a  constant  supply  of  wax  to  the  flame  by 
which  it  is  consumed."^  And  this  is  probably  the  explanation  of  the  fact, 
that  absorption  of  fluid  continues  to  take  place  into  the  open  mouths  of  the 
vessels,  when  the  upper  part  of  a  plant  is  cut  off,  and  the  divided  extremity 
is  inunersed  in  water ;  for,  so  long  as  exhalation  takes  place  from  the  leaves, 
so  long  will  a  demand  for  fluid  be  created  in  the  vessels  from  which  they 
draw  their  supply. 

178.  It  is  an  axiom  in  Ycgctable  Physiology,  which  has  been  laid  down 
by  De  Candolle,  "  that  when  a  particular  function  cannot,  according  to  a 
given  system  of  structure,  be  sufficiently  carried  into  effect  by  the  organ 
which  is  ordinarily  appropriated  to  it,  it  is  performed  wholly  or  in  part  by 
another."  This  is  a  single  case  of  the  general  principle  which  has  been 
already  laid  down  (§  110);  and  the  reason  that  it  is  more  evident  in  the 
Vegetable  than  in  the  Animal  kingdom,  is  simply,  that  in  the  former  the 
specialization  of  function  is  nowhere  carried  so  far  as  in  the  latter ;  so  that 
any  part  of  the  general  surface  of  a  plant  can  perform  in  a  considerable 
degree  all  the  functions  of  all  the  rest.  We  might  then  d  priori  expect, 
that  whilst  the  roots  are,  in  the  usual  condition  of  the  perfect  plant,  the 
organs  by  which  its  fluid  nutriment  is  absorbed,  and  the  leaves  its  organs 
of  transpiration  and  respiration,  some  traces  of  the  primitive  community  of 
Tanction  enjoyed  by  the  general  surface  of  the  simpler  tribes,  would  be  found 
in  the  capacity  of  each  of  these  organs  to  perform  in  a  certain  degree,  if 
required,  the  function  of  tbe  other.  Thus,  it  is  evident  that  when  the  roots 
are  either  absent  or  imperfect,  or  are  implanted  in  an  arid  or  barren  soil, 
serving  merely  to  fix  the  stem  (as  happens  with  many  Orcladea  and  the 
generality  of  aerial  parasites),  the  plant  mast  derive  its  chief  supply  of 
nutriment  through  the  absorption  performed  by  the  leaves,  or,  in  leafless 
plants  (as  the  CactetB),  through  the  general  surface.  And  it  must  be  obvious 
to  all  who  have  observed  the  manner  in  which  plants,  faded  by  the  intense 
action  of  light  and  heat,  are  refreshed  by  the  natural  or  artificial  application 
of  moisture,  that  absorption  takes  place,  in  these  instances  also,  by  the 
general  surface,  as  well  as  by  the  roots. — ^Various  experiments  have  been 
devised,  with  the  view  of  determining  the  relative  extent  to  which  the  plant 
is  supplied  by  these  two  channels ;  but  the  proportion  appears  to  depend 
apon  the  circumstances  of  its  growth.  Thus,  Bonnet  took  some  specimens 
of  Mercurialis,  and  immersing  the  roots  of  part  of  them  in  water,  he  placed 
others  so  that  only  their  leaves  touched  the  fluid.  A  small  shoot  of  each 
plant  was  kept  from  contact  with  water ;  and  after  the  experiment  had  pro- 
ceeded for  five  or  six  weeks,  those  which  had  derived  all  their  nutriment 
through  the  leaves  were  nearly  as  vigorous  as  those  which  had  imbibed  it 
by  the  roots.     It  is  by  the  under  surface  of  the  leaf,  where  the  cuticle  and 

"  Treatise  on  "Botany,"  in  the  "Cabinet  Cycloptedia,"  p.  177. 
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cellular  tissue  beneath  it  are  least  compactly  arranged,  that  absorption  is 
performed  with  the  greatest  rapidity ;  and  the  downy  hairs  with  which  some 
plants  are  plentifally  famished,  seem  to  contribute  to  this  function,  acting 
like  so  many  rootlets.  These  prolongations  of  the  surface  are  usually  want- 
ing in  sach  plants  as  grow  in  damp  shady  situations,  where  moisture  already 
exists  in  abundance ;  but  in  hot,  dry,  exposed  localities,  where  it  is  neces- 
sary that  the  plant  should  avail  itself  of  every  means  of  collecting  its  food, 
we  find  the  leaves  thickly  set  with  them ;  and  this  diversity  may  be  ob- 
served in  different  individuals  of  the  same  species  of  plant,  according  to  the 
soil  and  climate  in  which  they  exist,  and  even  in  the  same  individual  if 
transplanted. 

179.  In  tracing  the  gradual  evolution  of  the  special  Absorbent  apparatus 
of  the  more  perfect  Plants,  we  may  observe  many  interesting  relations  be- 
tween the  progressive  stages  of  its  development,  and  the  permanent  forms 
of  the  same  system  in  the  lower  orders.  Thus,  the  embryo  at  its  first 
appearance  within  the  ovule  (Chap.  XI.)  is  nothing  but  a  single  cell,  like 
that  of  the  Protococcus,  in  the  midst  of  the  store  of  semifluid  nutriment 
prepared  by  its  parent,  which  it  gradually  absorbs  by  its  whole  surface,  just 
as  do  the  simplest  Cellular  plants.  At  the  time  of  the  ripening  of  the  seed, 
we  find  a  rudiment  of  the  future  root,  which  is  developed  during  germina- 
tion ;  but  in  the  early  stages  of  this  process,  the  radicle  simply  prolongs 
itself  into  the  ground,  and  appears  to  be  equally  capable  of  imbibing  moist- 
ure through  its  whole  length,  like  that  of  the  Liverworts  or  Mosses.  It  is 
not  until  the  true  leaves  are  evolved,  that  the  root  begins  to  extend  itself 
by  ramification ;  then  first  protruding  perfect  fibrils,  composed  of  woody 
fibre  and  vessels,  and  terminated  by  spongioles. — ^Thus,  then,  in  the  develop- 
ment of  the  Absorbent  system  of  Vegetables,  the  first  which  wc  have  been 
called  upon  to  study  in  detail,  we  find  a  characteristic  example  of  the  laws 
which  have  been  already  enunciated  (Chaps.  I.,  II.) ;  for  it  has  been  shown 
that,  whether  we  trace  its  various  fonns  through  the  ascending  scale  of  the 
different  tribes  of  Plants,  or  watch  the  progress  of  its  evolution  in  the  more 
perfect  orders,  it  is  constantly  to  be  observed  that  the  special  stmctore  and 
function  arise  by  a  gradual  change  out  of  one  more  general;  and  that,  even 
where  the  special  organ  is  most  highly  developed,  the  general  structure 
retains,  in  some  degree,  the  primitive  community  of  function  which  origin- 
ally characterized  it. 

3.  Absorption  in  Animals, 

180.  It  has  been  shown  in  the  preceding  chapter,  that  the  conditions 
under  which  the  function  of  Absorption  is  performed  in  Animals,  are  so 
far  different  from  those  which  obtain  in  Plants,  that  a  preparatory  process 
of  Digestion  becomes  necessary  in  the  former,  for  the  reduction  of  the  food 
to  the  fluid  form  required  for  its  entrance  into  the  system.  This  process  is 
effected  in  cavities  of  the  body,  which  are  bounded  by  a  continuation  of  its 
external  surface,  modified,  by  its  secreting  power,  to  supply  the  means 
necessary  for  the  solution  of  the  aliment,  and,  by  its  absorbent  faculty,  for 
the  selection  of  the  part  of  it  capable  of  contributing  to  the  nutrition  of  the 
fabric.  But  so  long  as  this  aliment  remains  unabsorbed,  it  cannot  be 
regarded  as  introduced  into  the  system ;  since  it  merely  holds  the  same 
relation  to  the  absorbent  vessels,  that  the  nutritious  fluid  in  which  the  roots 
of  plants  may  be  immersed,  bears  to  the  ducts  which  they  inclose.  This  is 
brought  into  clear  view  by  the  remarkable  fact  that  the  poison  of  the  most 
venomous  Serpents,  andthe  Woorara-poison  of  the  South  American  Indians, 
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of  either  of  which  a  very  small  qaantity  will  produce  death  when  it  is  intro- 
duced by  the  minutest  puncture  or  scratch  into  the  current  of  the  circulating 
fluid,  are  perfectly  innocuous  when  taken  into  the  stomach ;  the  mucous 
membrane  of  the  alimentary  canal  apparently  having  a  peculiar  inaptitude 
for  allowing  them  to  penetrate  by  imbibition,  either  into  the  bloodvessels 
or  into  the  absorbents.  Some  experiments  recently  made  upon  the  latter 
substance,  by  MM.  Bernard  and  Pclouze,  are  peculiarly  interesting,  as  con- 
firming the  statement  already  made  (§  170),  tliat  the  absorption  of  par- 
ticular substances,  however  favorable  their  condition  may  appear,  may  be 
prevented  by  the  simply  physical  conditions  of  the  membrane  which  they 
have  to  traverse.* 

181.  It  has  further  been  shown  that  the  introduction  of  the  nutritive 
material  into  the  system,  is  effected  in  the  lowest  animals  by  simple  imbibi- 
tion into  the  tissues  that  surround  the  digestive  cavity,  and  by  percolation 
through  them  towards  the  more  remote  parts ;  and  where  such  is  the  case, 
the  digestive  cavity  either  itself  occupies  a  very  large  part  of  the  body,  as 
in  the  Hydroid  Polypes  (§  151),  or  prolongations  of  it,  in  the  form  of  canals, 
extend  to  the  parts  remote  from  the  principal  cavity,  as  in  many  of  the 
Acalephse  (§  153).  In  most  other  Invcrtebrata,  the  nutritive  materials  are 
taken  up,  not  directly  from  the  digestive  sac,  but  from  the  visceral  cavity 
in  which  it  lies.  Into  this  visceral  cavity  they  freely  pass,  by  the  apertures 
that  remain  patent  in  the  Actiniform  and  Alcyonian  polypes  (§  152)  ;  but 
in  all  the  higher  forms  of  the  digestive  apparatus,  the  passage  takes  place 
only  by  transudation  through  the  walls  of  the  stomach  and  intestinal  tube ; 
the  cAy&,  or  incipient  blood,  being  thus  filtered  off  (so  to  speak)  from  the 
dkyme,  or  primary  product  of  digestion.  In  the  lowest  Mollusca  (Fig.  49) 
as  in  Rotifera  (Fig.  9G),  and  certain  Crustaceans  (Fig.  105),  the  flux  and 
reflux  of  this  chylous  fluid  through  the  body  constitute  the  only  means  by 
which  its  tissues  are  supplied  with  nutriment ;  and  even  in  the  higher  Mol- 

>  That  the  absence  of  poisonous  effects  from  the  }yoorara  poison,  wlicn  it  is  simply 
introducod  into  the  stomach,  docs  notarise  from  anj  modification  effected  in  its  proper- 
ties by  the  agency  of  the  gastric  juice,  is  shown  by  the  fact  that  the  poison,  after  di;;cs- 
tionin  that  fluid  for  24  or  48  hours,  remains  as  virulent  as  ever;  whilst  the  gai^tric  fluid 
to  which  IVoorara  has  been  added,  loses  none  of  its  solvent  power.  The  yarious  secretions 
which  make  up  the  intestinal  juices,  have  been  experimented  on  with  the  same  results. 
Hence  it  appears  that  the  cause  of  the  innocuousness  of  the  poison,  under  these  circum- 
stances, must  be  looked  for  in  the  gastro-intestiual  mucous  membrane,  which  will  not 
giTe  passage  to  the  active  principle  of  the  poison,  soluble  as  this  is.  Experiment  proves 
tUs  to  be  the  case.  If  the  gastric  mucous  membrane  of  a  recently  killed  animal  be 
adapted  to  an  endosmometer,  so  that  the  mucous  surface  looks  outward,  and  tlie  endos- 
mometer  containing  sugared  water  is  then  placed  in  a  watery  solution  of  woorara,  endos- 
mose  will  hare  been  found  to  have  taken  place  in  three  or  four  hours,  for  the  liquid  will 
have  risen  in  the  tube;  and  yet  this  will  contain  no  trace  of  woorara,  as  may  be  ascer- 
tained by  inoculating  with  it  If  the  experiment  were  allowed  to  go  on  for  a  much 
longer  time,  the  endosmosis  of  the  poison  might  occur ;  but  we  should  then  find  that  the 
nncoQS  membrane  had  undergone  modification,  the  mucus  and  epithelium  covering  it 
being  altered,  so  that  imbibition  and  endosmosis  of  the  woorara  becomes  possible ;  and 
if,  in  place  of  taking  a  quite  fresh  mucous  membrane,  we  take  one  that  has  undergone 
some  change,  the  endosmosis  of  the  poisonous  fluid  occurs  instantly.  As  it  was  interest- 
ing to  ascertain  whether  other  mucous  membranes  possessed  Uiis  resisting  power,  those 
of  the  bladder,  nasal  fosses,  and  ejea  were  tried,  and  constantly  with  the  same  results. 
An  injection  was  retained  in  the  bladder  without  inconvenience,  for  from  six  to  eight 
hoars,  by  a  dog ;  but  the  urine  it  passed  after  this  time  had  all  the  toxical  properties 
of  woorara.  One  mucous  membrane  alone,  the  pulmonary,  is  excepted  from  this  immu- 
nity; for  the  poison,  when  applied  to  it,  produces  the  same  effects  as  when  introduced 
into  the  subentaneous  areolar  tissue. — ^*L*  Union  MidicaU"  18o0,  No.  125. 
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Insca,  Insects,  and  Crustacea,  the  sanguiferous  system  is  in  such  free  com- 
munication with  the  yisceral  cavity,  that  their  blood  cannot  be  differentiated 
{W)m  its  contents.  There  is  in  these  animals,  therefore,  no  other  special 
absorption^  than  that  which  takes  place  through  the  walls  of  the  alimentary 
canal.  But  in  the  Echinodermata  and  Annelida,  which  have  a  closed  san- 
guiferous  system,  the  contents  of  this  must  be  taken  up,  either  fh)m  the 
yisceral  cavity  (which  still  appears  to  be  the  principal  channel  for  the  trans- 
mission of  nutritive  materials  through  the  body,  their  sanguiferous  circula- 
tion being  in  all  probability  chiefly  subservient  to  respiration)  or  directly 
from  the  alimentary  canal.  That  absorption  docs  take  place  in  this  latter 
mode,  would  seem  ])robable  from  the  very  minute  distribution  of  bloodvessels 
upon  the  surface  of  the  intestinal  tube,  which  will  be  shown  to  exist  in  the 
Holothuria  (Fig.  40)  and  in  many  Annelida  (Figs.  114,  115). 

182.  In  the  Yertebrata,  however,  it  is  by  vessels  alone  that  the  nutritive 
fluid  is  removed  from  the  alimentary  canal,  the  walls  of  which  do  not  allow 
it  to  transude  into  the  surrounding  cavity.  And  we  here  find  provided,  in 
addition  to  the  bloodvessels  that  are  copiously  distributed  upon  the  coats  of 
the  gastro-intestinal  tube,  a  special  set  of  Absorbent  vessels,  which  seem  to 
be  destined,  not  only  for  the  introduction  of  nutritive  materials  into  the  sys- 
tem, but  also  for  submitting  these  to  a  certain  preparation  (Chap.  VIII.), 
before  they  are  admitted  into  the  current  of  the  circulation.  The  "  Absorb- 
ent system"  of  vessels  consists  of  two  principal  divisions,  which  may  be 
compared  to  two  sets  of  roots  proceeding  from  a  common  trunk;  one  of 
these  commences  upon  the  walls  of  the  intestines*  and  is  termed  the  ''Lac- 
teal" system,  from  the  milky  character  of  the  "chyle"  which  it  contains; 
whilst  the  other  takes  its  origin  in  various  parts  of  the  substance  of  the 
organism  at  large,  especially  in  the  skin  and  subcutaneous  textures,  and  is 
known  as  the  "Lymphatic"  system,  from  the  transparent  watery  aspect  of 
the  liquid  it  conveys. — Although  the  walls  of  the  whole  gastro-intestinal 
canal  are  furnished  with  Absorbent  vessels,  in  common  with  other  mem- 
branous surfaces,  yet  it  is  on  those  of  small  intestine,  below  the  point  at 
which  the  liver  and  pancreas  discharge  their  secretions,  that  the  Laeteak 
especially  abound;  and  they  seem  in  the  higher 
Fig.  108.  Yertebrata  at  least,  most  commonly  to  oii^nite 

in  the  interior  of  the  villi,  where  they  are  8n^ 
rounded  by  the  plexus  of  capillary  bloodvessels 
that  lies  immediately  beneath  the  external  sur- 
face of  these  filamentous  processes  (Fig.  108). 
In  Fishes,  however,  the  villi  are  few,  or  are  alto- 
gether absent,  and  the  lacteal  trunks  receive  their 
supplies  through  a  coarse  plexus  situated  in  the 
walls  of  the  intestinal  canal.  Such  a  plexus  is 
seen  also  in  Reptiles,  in  which  villi  are  developed; 
and  it  seems  probable  that  it  exists  in  the  higher 
Yertebrata,  in  which  the  mucous  membrane  ii 
nmch  more  thickly  set  with  villi,  and  in  which  it 
appears  to  be  chiefly  through  the  lacteals  con- 
tained in  these  that  the  chyle  gains  admission  into 
the  larger  trunks.  The  precise  mode  in  which 
Yiiu  of  Human  Intestine,  the  lacteals  commence  near  the  free  extremities 
of  the  villi,  cannot  be  stated  with  certainty;  bat 
it  is  probable  that  they  form  loops  by  anastomosis  with  each  other,  so  that 
there  is  no  proper  free  extremity  in  any  case.  It  is  beyond  all  doubt,  how- 
ever, that  the  lacteals  never  commence  by  orifices  upon  the  internal  surface 
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of  the  intestine  as  was  formerly  imagined.  When  these  vessels  are  turgid 
with  chyle,  the  extremity  of  earh  appears  to  be  imWdded  in  a  collection  of 
globules,  presenting  an  opale^sccnt  appearance,  which  give  to  the  end  of  the 
rilltis  m  mulberry -like  form  ;  and  this  appearance  is  due  to  the  distension  of 
the  epithelia)  cells  covering  the  extremities  of  the  viili^  with  the  oleaginous 
ehyle  which  they  have  absorbed,  and  whic!i  they  afterwards  yield  up  to  the 
lacteal  s,  retnruin^^  to  their  original  condition  when  tliis  seltciive  operation 
has  been  accomplished  J 

183,  The  L^mphtuli"  vessels  are  distdbnted  in  the  greMer  number  of 
tissues  and  organs  which  possess  Te&sela  for  the  conveyance  of  blood ;  but 
to  this  general  statement,  there  are  some  remarkable  exceptions;  for  tbcy 
are  entirely  wanting  in  the  substance  of  the  brain  and  spinal  cord,  although 
they  are  found  iu  their  invej^ting  membranes;  and  they  occur  very  scantily 
in  the  muscleif.  It  appeari*  to  be  in  the  skin  and  the  subentaneous  textnres, 
at  least  in  Man,  that  they  are  most  plentifully  distributed-  and  they  seem 
there  to  originate,  like  the  lacteals  of  the  intestinal  walls,  in  plexuses  of 
which  the  meshes  are  very  close.  According  to  Prof.  KoUiker,  tlie  lymph- 
atics in  the  tail  of  the  Tadpole  do  not  form  a  network,  but  branch  out  like 
rootlets^  their  ultimate  extremities,  or  rather  their  commencing  radicles, 
haviijg  tree  but  closed  ends,  rnnniug  out  into  fine  points  f  it  may  be  doubted, 
however,  whether  this  is  not  the  result  of  a  want  of  completeness  in  their 
development,  and  whether  these  ramifications  wonld  not  meet  and  inoscu- 
late  in  the  fully -developed  Frog.  Lilte  the  capillary  bloodvessels  (§  211), 
they  ta.ke  their  origin  in  stellate  cells,  which  send  forth  long  projections ; 
but  Uiese  branches  do  not  inosculate  with  each  other  iu  any  other  w^ay  than 
tu  form  continuous  tubes ;  and  if  they  subsequently  constitute  a  plexus,  it 

must  l>e  by  the  development  of  connecting  arches  at  a  later  period It  lias 

^HUiaiutained  that  the  minute  lymphatics  communicate  with  the  capillary 
I^^Hb  In  their  neighborhood  ;  and  these  commnnieations  have  been  sup- 
poaeS  by  some  to  allow  the  direct  transmission  of  the  lymph  into  the  san- 
^Blfe^us  system  \  whilst  by  others  it  has  been  inferred  that  the  liquor  san^ 
^mm$^  or  fluid  portion  of  the  blood  {which,  when  diluted,  closely  resembles 
the  contents  of  the  lymphatics  in  its  composition),  finds  its  way  into  the 
absorbents.  It  is  nearly  certain,  however,  that  no  such  apertures  exist ; 
and  that  when  any  direet  passage  of  fluid  does  take  place  from  one  set  of 
veeaels  into  the  other  (as  is  often  the  ease  in  artificial  injections,  and  wos 
aoUeed  by  Prof.  Kolliker  in  watclung  the  circulation  in  the  tail  of  a  Tad- 
pole whicli  had  been  injured),  it  is  through  an  abnormal  opening, 

184,  The  walls  of  the  absorbent  vessels  (whether  locteals  or  lymphatics) 
are  extremely  thin,  so  that  tlie  character  of  their  contained  fluid  can  be 
midiiy  discerned  through  them.  Those  which  form  the  uUimate  ramifica- 
tiens  of  the  system^  appear  to  be  Umited  only  by  a  very  delicate  homogene- 
ous membrane ;  and  it  is  not  certain  that  even  this  is  universally  present  In 
lh«  abfiorbeutA  of  Fishes,  A  similar  membrane,  covered  with  a  layer  of 
pavement'Cpithelinra  upon  its  inner  or  free  surface,  constitutes  the  lining 
of  the  mid-siaed  and  larger  trunks  j  but  these  possess,  in  addition,  a  middle 


'  Bj  Prot  Ooodsir,  who  wiu  tbo  first  to  direct  nttentioa  to  the  peculiaj-  appeamnce 
pmomied  bj  the  oeJb  at  the  ©:ttrtmitles  of  the  TJHi  during  the  process  of  locteal  nb- 
BorptlODt  it  wa^  maintained  that  th«^  ordmfiry  Gpitli^lial  colls  full  off,  and  that  the  chjii- 
feroiifl  cells  &re  defoloped  d^  now  wHhm  the  villua^  that  Is,  beneath  its  baaeinent  mem- 
hrane.  The  reBcarehes  of  Mvefal  e^sceUeot  observers,  howeTer*  hare  shown  thia  view 
to  b*  ent^iseoiLS,  snd  hnve  establlshod  th&t  »t«ti^d  in  the  loxt^  (See  espeeiallj  Pret  Ki)U 
IQtor'i  •*Mikj™akopiftche  Auetomle/'  Band  iL  §  ItiD*) 

•  '*  Annaka  dcis  8ciencct  NotureUei,"  8»  Sei*,  ZooL,  Tom.  tL,  ji^  98. 
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or  fibrons  layer,  in  which  non-striated  mnscnlar  fibres  may  be  distingaished, 
and  an  external  sheath  of  areolar  tissue.  In  the  higher  Yertebrata,  the 
Absorbents  are  famished  with  valTes,  which  allow  the  passage  of  their  con- 
tents in  only  one  direction,  namely,  from  their  origin  towards  their  termina- 
tion in  the  sangniferous  system ;  these  yalves,  however,  seem  to  be  wanting 
in  the  **  plexuses  of  origin,"  which  are  filled  by  mercury  injected  into  any 
part  of  them.  In  Fishes  and  Reptiles,  however,  in  which  this  system  is 
obviously  developed  upon  an  inferior  type,  the  valves  are  few  or  are  alto- 
gether wanting. — In  the  higher  Vertebrata,  again,  certain  small  solid  bodies 
are  found  in  the  course  of  the  lacteals  and  lymphatics,  which  are  termed 
"absorbent  glands."  The  structure  of  these,  however,  does  not  corre- 
spond with  that  of  ordinary  glands ;  and  they  have  been  more  appropri- 
ately named  ''ganglia,"  for  they  are  essentially  composed  of  plexuses 
of  absorbent  vessels,  convoluted  (so  to  speak)  into  knots,  and  dilated  into 
larger  cavities,  amongst  which  capillary  bloodvessels  are  minately  distri- 
buted ;  the  whole  being  bound  together  by  areolar  tissue  and  invested  in 
a  capsule  of  the  same.  These  bloodvessels  have  no  direct  communication 
with  the  interior  of  the  lacteals,  but  are  separated  from  them  by  the  mem- 
branous walls  of  both  sets  of  tubes ;  so  that  whatever  passage  of  fluid  nor- 
mally takes  place  from  one  set  of  vessels  to  the  other,  must  be  accomplished 
by  transudation  through  these.*  According  to  the  observations  of  Prot 
Goodsir,  the  absorbents,  when  they  enter  a  gland,  lay  aside  all  but  their 
internal  coat  and  epithelium ;  and  the  latter,  in  place  of  retaining  its  pave- 
ment-like character,  presents  itself  as  an  irregular  layer  of  spherical  nucle- 
ated corpuscles,  measuring  about  l-5000th  of  an  inch  in  diameter ;  which 
layer  is  thickest  in  the  dilated  lymphatics  which  form  the  "  cells"  of  the 
centre  of  the  gland,  and  becomes  gradually  thinner  towards  the  periphery, 
where  it  is  continuous  with  the  epithelium  of  the  afferent  and  efferent  ves- 
sels. The  inner  layers  of  the  central  epithelium  appear  to  have  no  tenacity; 
so  that  the  component  cells  may  be  r^ily  detached  from  one  another,  and 
carried  off  in  the  fluids  which  traverse  the  cavity. — Having  thus  considered 
the  general  structure  of  the  Absorbent  system,  we  shall  proceed  to  notice 
its  more  special  peculiarities  in  the  different  classes  of  Vertebrata. 

185.  The  proper  Absorbent  system  is  exhibited  in  its  simplest  and  most 
diffused  form  in  Fishes ^  the  lowest  class  in  which  its  existence  has  been 
demonstrated.  Where  it  consists  of  distinct  vessels,  their  walls  are  very 
thin  and  distensible.  The  Lacteals  commence  in  a  somewhat  coarse  net* 
work  of  canals,  that  seem  channelled  out  (as  it  were)  beneath  the  mncoos 
lining  of  the  intestinal  canal,  and  cannot  be  shown  to  possess  definite 
walls;  from  these,  however,  the  chyle  is  conveyed  away  by  proper  ves- 
sels, which  form  capacious  plexuses  in  the  mesentery,  along  the  course  of 
the  alimentary  canal.  The  Lymphatics  are  distributed  extensively  throagh 
both  the  superficial  and  the  deep-seated  parts  of  the  body ;  and,  they  dM, 
by  the  convolutions  and  anastomoses  of  their  trunks,  form  numerous  plex- 
uses in  various  situations,  especially  around  the  veins,  which  maybe  reguded 
as  the  first  indications  of  the  so-called  ''  glands"  that  are  presented  in  the 
higher  classes.  Some  of  these  trunks,  moreover,  dilate  into  sinuses,  whidi 
appear  to  be  contractile,  and  prefigure  the  "lymphatic  hearts"  of  Reptiles. 
Such  a  sinus  may  be  seen  in  the  tail  of  the  Eel ;  and  another  is  foond  on 

>  It  has  been  asserted  by  many  anatomists,  that  ftree  apertures  exist,  by  which  the 
contents  oi#one  set  of  vessels  can  pass  directly  into  the  other;  but  these  Btatemeiiti 
are  founded  on  the  results  of  iigections,  which  can  be  yery  easily /oreerf  to  make  sndi 
apertures;  and  the  most  careful  examination  has  failed  to  detect  them,  when  no  sufih 
procedure  has  been  employed. 
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eaeh  side  of  the  cranial  CATity  of  manj  Fishes,  exteroallj  to  the  jngular 
teins.  Although  a  considerable  proportion  of  the  lymphatic  trunks  unite 
with  the  lacteal  vessels,  to  form  principal  canals  (corresponding  with  the 
thoracic  daet  in  higher  animals),  which  empty  their  contents  into  the  sys- 
temic veins  near  tho  heart,  there  are  many  other  communications  between 
the  two  systems,  as  Fohraaiin  appears  to  have  satisfactorily  demonstrated. 
Thus,  the  caudal  sintis  of  the  Eel  discharges  its  contents  into  the  caudal 
Tein.  the  orifice  be  in  g^  provided  with  a  valve* 

The  conformation  of  the  Absorbent  system  presents  several  intereBtlng 
peculiarities  in  the  class  of  Repiiks.  As  in  Fishes,  the  vessels  are  gene- 
rally destitute  of  valves,  though  these  may  occasionally  be  observed  in 
the  larger  trunks;  but  they  everywhere  seem  to  possess  distinct  w^alla* 
When  compared  with  that  of  Birds  and  Mammals,  the  absorbent  system  of 
Reptiles  seems  to  possess  an  enormous  extension;  large  and  capacious 
lymphatic  plexuses  being  devolved  around  the  great  veins,  and  the  length 
of  the  trunks  being  often  au^ented  by  doublings  and  convolutions.  But 
this  extension  is  mthcr  apparent  than  real ;  for  there  is  still  an  absence  of 
the  "  glands,'^  which  seem  to  concentrate,  as  it  were,  the  assimilating  power 
of  a  long  series  of  tubes  ;  and  the  relation  of  the  Absorbent  system  of  Rep- 
tiles to  the  more  concentrated  apparatus  of  Birds  or  Mammals,  thns  comes 
to  resemble  that  which  the  extended  tracheal  system  of  the  Insect  bears  to 
the  lungs  of  the  higher  Yertebrat^. — The  Lacttah  in  Reptiles,  as  in  the 
classes  above  them,  partly  commence  in  the  *'  villi"  of  the  intestinal  canal ; 
but,  aa  in  Fishes,  there  is  also  a  very  coarse  plexus  of  absorbents  beneath 
its  m neons  lining.  The  fluiil  which  they  absorb  is  collected  into  a  recepta- 
tmiurn  clii^if  situated  at  the  root  of  the  mesentery  j  and  from  this  it  passes 
by  two  or  more  ducts,  which  also  receive  many  of  the  lymphatic  trunks, 
intij  the  great  systemic  veins.  The  Lpnphatie  portion  of  the  system  ig 
furnished,  in  most  Reptiles,  with  certain  pulsating  dilatations,  or  Itfmphaiie 
hffirts,  which  aid  in  the  propulsion  of  the  contents  of  the  vessels ;  the  walls 
of  these  contractile  cavitici^  are  formed  of  striated  muscular  fibres.  In  the 
i*rcf^7  there  are  two  pairs  of  them  ;  one  situated  just  under  the  skin,  through 
which  it-s  pulsations  are  readily  seen  in  the  living  animal,  immediately  be- 
hind the  hip-joint ;  while  the  other  pair  Is  more  deeply  seated  at  the  upper 
part  of  the  chest.  The  former  receive  lymph  from  the  posterior  part  of  the 
body,  and  pour  it  into  the  veins  proceeding  from  the  same  part,  by  orifices 
furnished  with  valves ;  the  latter  collect  that  which  is  transmitted  from  the 
anterior  part  of  the  body  and  head,  and  empty  their  contents  in  like  man- 
ner into  the  jugular  vein.  Their  pulsations  are  totally  independent  of  the 
heart  and  of  the  acts  of  respiration,  since  they  continue  after  the  removal  of 
the  former,  and  for  an  hour  or  two  after  somatic  death  and  the  complete 
dismemberment  of  the  animal  Neither  are  they  synchronous  with  each 
other  on  the  two  sitles  of  the  body,  nor  always  performed  in  the  same  space 
of  timf*  t  for  the  pulsations  are  not  only  generally  irregular,  but  sometimes 
e>  ■■'!  and  frequent  intermissions ;  when  in  constant  action,  they  oecnr 

a»i'  times  in  a  minute*     From  the  observations  of  Yolkmann,  how- 

ever, [!  '  that  these  movements  are  dependent  upon  the  connection 

of  the  I  ;  h;  hearts  with  the  corresponding  segments  of  the  spinal  cord ; 
since  they  cease  when  these  arc  destroyed,  although  all  other  parts  may  be 
left  uninjured;  while  they  continue  so  long  as  this  connection  remains  per- 
fect, although  all  other  parts  of  the  ncrroas  centres  be  destroyedJ^ — A  pair 

'  vesicles  similar  to  the  posterior  pair  in  the  Frog,  has  been  detected  in 

«  »*Miilicr*a  ApebiT.,**  1S44. 
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Salamanders,  Lizards,  and  Crocodiles,  in  which  they  are  situated  near  the 
root  of  the  tail,  and  are  connected,  in  like  manner,  with  the  veins  of  the 
lower  extremity ;  they  have  also  been  discovered  in  Serpents,  where  they  lie 
under  the  last  rib.  It  was  for  some  time  believed  that  the  Ohehnia  formed 
an  exception  to  the  general  fact  of  the  existence  of  such  pulsating  recepta- 
cles in  Reptiles ;  but  this  has  been  shown  by  MiiUer  to  be  particukrly  large 
in  that  group,  in  which  they  lie  behind  the  superior  extremity  of  the  iliac 
bones,  receiving  the  lymph  by  capacious  trunks  from  the  posterior  extremi- 
ties, and  pouring  it  into  veins  that  discharge  themselves  into  the  reno-portal 
system.* 

186.  In  Birds,  we  find  the  Absorbent  system  existing  in  a  more  perfect 
form ;  its  trunks  being  everywhere  provided  with  valves,  and  the  diffused 
plexuses  being  partly  replaced  by  **  glands"  or  **  ganglia,"  which  may  be 
probably  considered  as  performing  the  same  function  by  an  organization 
of  more  concentrated  character.  The  lacteals,  which  are  not  famished 
with  these  glands,  all  converge  towards  a  receptacuhim  ch^i,  from  which 
proceed  two  thoracic  ducts,  one  on  either  side,  to  terminate  in  the  angles 
formed  by  the  junction  of  the  jug^ar  and  subclavian  veins.  These  ducts 
receive,  also,  most  of  the  lymphatic  trunks ;  but  the  lymphatic  system  has 
two  other  conmiunications,  as  in  Reptiles,  with  the  veins  of  the  lower  ex- 
tremity. These  are  connected  with  two  large  dilatations  of  the  lymphs^ 
trunks,  which  are  evidently  analogous  to  the  lymphatic  hearts  of  Reptiles, 
but  which  do  not  seem  to  have  any  power  of  spontaneous  movement.  In 
the  Goose,  they  are  about  the  shape  and  size  of  a  kidney*bean,  and  an 
situated  in  the  angle  between  the  tail  and  the  thigh.  They  were  supposed 
by  Panizza  to  possess  an  automatic  power  of  sJtemate  contraction  and 
dilatation ;  but  these  motions  have  been  shown  by  Miiller  to  be  due  to  the 
respiratory  actions — ^being  synchi^onous  with  them,  and  ceasing  when  they 
are  interrupted. 

187.  In  the  Absorbent  system  of  Mammalia,  we  witness  its  most  concen- 
trated and  highly  developed  form.  The  vessels  are  copiously  provided  witii 
valves ;  and  their  parietes  are  firmer  than  in  the  lower  classes.  Instead  of 
the  extensive  plexuses  of  Fish,  wo  find  small  dense  ''  glands"  disposed  in 
different  parts  of  the  system ;  these  are  more  numerous  than  in  Birds,  and 
present  themselves  on  the  lacteals  as  well  as  on  the  lymphatics,  being  known 
in  the  one  case  as  the  ''mesenteric,"  and  in  the  other  as ''  lymphatic"  glands. 
In  some  Mammalia,  especially  of  the  order  Camivora,  the  mesenteric  glands 
cluster  together  into  a  single  mass,  named  the  pancreas  AsMtt,  which  lies 
at  the  root  of  the  mesentery.  The  Lacteals  all  discharge  their  contents 
into  the  receptaculum  chyli,  which  is  situated  in  the  lumbar  region,  dose  to 
the  spine ;  into  the  same  receptacle,  many  Lymphatic  trunks  pour  the  floU 
which  they  have  collected  from  the  posterior  part  of  the  trunk  and  extnni- 
ties ;  and  from  it  arises  the  Thoracic  Duct  of  the  left  side,  which  paves 
forwards  along  the  spine,  receiving  other  lymphatic  trunks  in  its  comse, 
and  terminates  at  the  junction  of  the  left  jugulur  and  subclavian  vdni.  A 
smaller  trunk  on  the  right  side  receives  the  lymphatics  of  the  right  side  of 
the  head  and  upper  extremity,  with  those  of  the  right  lung  and  right  dde  of 
the  liver;  and  this  terminates,  in  like  manner,  at  the  junction  of  the  right 
subclavian  and  jugular  veins.  It  is  a  beautiful  instance  of  mechanied 
adaptation,  that,  as  the  angle  formed  by  the  convergence  of  two  Tdns  is  a 
point  of  much  less  resistance  than  any  other  part  of  the  walls  of  theTesads, 
the  easiest  possible  entrance  is  thus  provided  for  the  fluid  discharged  firom 

»  "  MOUep's  ArchiT.,"  1840. 


ABSORPTION  IN   ANIMALB. 


the  thoracic  ducts  into  the  current  of  the  circulation.  Although  these  are 
the  only  two  canals  bj  which  the  Absorbents  usually  commun  it-ate  with  the 
yeinB  in  Man^  their  number  is  greater  in  many  species  of  Mamuuilia  ;  they 
all  terminate,  however,  in  the  same  part  of  the  Tenons  system.  ThuB,  the 
left  thoracic  duct  often  resembles  rather  a  plexus  of  vei^eJi  than  a  tsiugle 
tube ;  branches  proceeding  from  it  and  then  reuniting,  and  at  lost  temiinat- 
ing  in  the  veins  by  several  apertures.  Sometimes  it  consists  tbrougliout  of 
two  tubes,  which  anastomose  with  each  other  and  with  the  duct  on  tlic  right 
gide,  and  terminate  separately  in  the  veins ;  and  in  the  Pig  a  branch  of  com- 
munication h  sent  off  to  the  vena  azygog,  which  is  a  small  trunk  running  in 
proximity  with  it  along  the  spinal  column.  AU  the&c  modes  of  distribution 
occur  as  irregularities  of  conformation  in  the  Human  subject,  the  former  not 

ing  uncommon ;  the  la.st,  however,  is  rare. 

18S,  The  cau55e  of  the  onward  movement  of  the  contents  of  the  Absorbent 
essels  in  the  higher  Tertebrala  vvbieb  have  no  "lymphatic  hearts,"  and 
dso  of  the  Bow  of  fluid  towards  these  |mUatiug  cavities  in  the  animals  whicli 
possess  ihera  (situated,  as  they  arc,  closo  to  the  points  where  the  fluid  of 
the  absorbents  h  discharged  into  the  reins),  hm  not  been  positively  deter- 
mined. This  juovemcnt  may  be  partly  attributed  to  the  r/»  a  tergo,  pro- 
duced by  the  continual  imbibkion  of  fresh  fluid  into  the  rootlets  (so  to  speak) 
of  the  vascular  tree,  and  partly  to  rhythmical  contraction  (with  alternating 
dilatation)  of  the  villi  tlieiusclves,  as  observed  by  MM.  Gruby  and  Dela- 
fond  ;*  and  although  it  may  be  thought,  from  the  extreme  distensibility  of 
the  walls  of  the  absorbents,  that  such  forces  will  be  rather  expended  in 
dilating  them,  than  in  pushing  onwards  the  column  of  liquid  which  they 
contain,  yet  it  must  be  remembered  that  they  are  sun-ouuded  by  tissues, 
whose  tonicity,  during  the  living  state,  gives  to  them  much  more  resisting 
power  than  they  possess  after  death.  Further,  in  all  the  movable  parts  of 
the  body,  assistance  is  doubtless  afforded  by  the  occasional  i)re8Siire  which 
will  be  exercised  upon  the  absorbents  by  the  surrounding  tissues  j  for  while 
this  pressure  is  operating,  it  will  tend  to  empty  them  of  their  contents*,  which 
are  only  permitted  by  their  valves  to  pass  in  one  direction  ^  and  wlieu  the 
pressure  is  relaxed,  they  will  be  refilled  from  behind.  But  it  seems  proba- 
ble that  the  regular  propulsion  of  the  fluid  mainly  depends  upon  an  alternate 
contraction  and  ddatatjou  of  successive  portions  of  the  vessels,  slowly 
njM'atod  at  intervals;  such  alternations  having  been  witnessed  by  Prof, 
K'lUiker  in  the  tail  of  the  tadpole;  and  it  being  apparently  by  such  con- 
tion*  without  subsequent  dilatation  and  refilHug,  that  the  absorbents  are 
ptied  after  death,  and  this  with  considerable  rapidity. 

189.  We  have  now  to  inquire  into  the  relative  parts  which  arc  performed 
function  of  Ahnorpthn,  by  the  proper  Absorbents,  and  by  the  Blood- 
ife  ;  and  although  these  cannot  yet  be  said  to  be  precisely  definable,  yet 
^n  be  little  doubt  that  we  are  in  possession  of  the  general  truth  with 
to  them,— From  the  time  when  the  Lacteal  vessels  were  first  dis- 
covered, down  to  a  comparatively  recent  period,  it  was  supposed  that  they 
constitute  the  chaunei  through  which  a//  fresh  nutritive  material  is  taken 
into  the  body;  and  this  idea  seemed  to  derive  confirmation  from  the  great 
uaifornuty  in  the  coni position  of  the  chyle,  which,  though  different  as  a 

hole  from  that  of  blood,  appeared  adequate  to  supply  those  substances  to 

e  latter,  which  are  most  constantly  being  eliminated  from  it  by  the  nutri- 
tive and  respiratory  operations.  Various  considerations,  however,  would 
liju]  iM  the  conclusion,  that  the  nutritive  materials  do  not  enter  through  the 

I  '*CaiDpt«»  Rendns,"  1842,  p.  1109,  and  1843,  p.  1195. 
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lacteals  alone ;  bat  that  the  most  soluble  portions  of  them,  together  with 
other  sabstances  not  nutritions,  find  their  way  directly  into  the  bloodyessels. 
— ^In  the  Invertebrata,  it  will  be  recollected,  no  special  Absorbent  system 
exists ;  and  in  all  those  which  possess  bloodvessels,  it  is  by  them  alone  that 
alimentary  matters  are  introduced  into  the  system ;  it  would  not  seem  likely, 
therefore,  that  this  most  general  method  of  performing  the  function  should 
be  entirely  superseded  in  Yertebrata  by  the  more  special  one.  But  fur- 
ther, when  the  extraordinary  yascularity  of  the  whole  gastro-intestinal  mem- 
brane is  considered,  together  with  the  peculiarity  of  the  special  distribu- 
tion of  the  capillaries  in  the  yilli ;  and  when  it  is  remembered  also  that  the 
rapid  movement  of  blood  through  these,  creates  the  condition  most  espe- 
cially favorable  to  the  passage  of  liquids  into  them  from  the  outside  (§  172), 
it  might  be  almost  certainly  afi&rmed  that  endosmose  must  take  place  be- 
tween the  contents  of  the  alimentary  canal  and  the  blood  in  the  yessels.— 
This  conclusion  has  been  confirmed  by  numerous  experiments.  Thus  it  was 
ascertained  by  MM.  Tiedemann  and  Gmelin,  that  when  various  substances 
were  mingled  with  the  food,  which  might  be  easily  detected  by  their  color, 
odor,  or  chemical  properties — such  as  gamboge,  madder,  camphor,  musk, 
assafetida,  and  various  saline  substances — they  were  seldom  found  in  the 
chyle,  though  many  of  them  were  detected  in  the  blood,  and  some  had  even 
passed  into  the  urine.  So,  again,  it  was  found  that  if  any  of  these  sabstances 
be  introduced  into  a  portion  of  the  intestine  separated  by  ligatures  from  the 
remainder,  and  all  the  vessels  of  that  portion  be  divided  or  tied,  save  its 
artery  and  vein,  the  substance  may  speedily  be  detected  in  the  blood,  and 
if  it  be  poisonous,  its  effects  are  manifested  nearly  as  soon  as  usual ;  whilst, 
if  the  bloodvessels  be  tied,  the  lacteals  being  left  entire  and  uninterrapted, 
a  long  period  elapses  before  there  is  any  evidence  of  absorption.  It  can- 
not be  doubted,  then,  that  alimentary  substances  in  a  state  of  solution,  such 
as  albumen,  gelatin,  or  sugar,  may  pass  into  the  bloodvessels  bj  simple 
endosmose,  when  the  relative  densities  of  the  blood  and  of  the  int^tinal 
liquids  are  such  as  to  favor  the  inward  current.  Conversely,  it  might  he 
inferred  that  if  the  liquid  in  the  intestines  be  of  a  nature  to  determine  the 
endosmotic  current  in  the  contrary  direction,  some  of  the  constitaents  of 
the  blood  would  be  drawn  from  them  into  the  alimentary  canal.  Now  it 
has  been  shown  by  the  experiments  of  Poisseuille,  that  an  endosmotic  cur- 
rent takes  place  through  animal  membranes  from  the  serum  of  the  blood 
towards  certain  saline  solutions ;  and  thus  it  happens  that  when  these  are 
taken  into  the  alimentary  canal,  they  produce  a  copious  exudation  of  fluid 
from  its  walls,  which  fluid  contains  a  considerable  quantity  of  albumen. — ^It 
appears,  then,  that  an  interchange  between  the  contents  of  the  bloodvessris 
and  those  of  the  alimentary  canal  takes  place,  in  either  direction,  in  a  man- 
ner which  is  in  all  respects  conformable  to  physical  principles;  so  that 
Absorption  must  be  effected  through  the  bloodvessels  of  the  higher  animab, 
as  of  the  lower. 

190.  On  the  other  hand,  the  Lacteals,  as  already  pointed  out,  would 
appear  to  receive  only  substances  of  a  particular  class,  more  especially  btty 
matters  in  a  state  of  more  or  less  fine  division,  with  which  albuminoiia  com- 
pounds are  intimately  mixed.  These,  being  first  drawn  in  by  tiie  epithe- 
lial cells  at  the  extremities  of  the  villi  (§  182),  and  then  transferred  to  the 
lacteals,  are  doubtless  obtained  directly  from  the  food ;  for  the  quality  of 
the  Chyle  depends  upon  that  of  the  diment  last  digested,  it  being  of  an 
opaque  white  if  that  food  contained  much  oily  or  fatty  matter,  and  of  a  more 
transparent  aspect  if  such  matters  were  deficient.     Moreover,  the  experi- 
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mmiM  of  Bouchardat  and  Sandms'  have  showiij  that  particular  kinds  of 
'  tty  substances  with  which  animals  may  havs  been  fed,  are  recognizable  in 
G  chyle ;  and  on  the  whole  it  may  be  considered,  that  the  special  function 
of  the  lacteals  ia  to  take  up  the  oleaginous  portion  of  the  food,  and  to  bring 
it  into  that  intimate  relation  with  albumen  which  geems  to  be  requisite  for 
subsequent  asBimilatiou  (Chap.  VUI.).     Stilli  it  appeart^  by  no  means 
rtain  that  the  bloodTessels  also  may  not  absorb  oleaginous  substances,  as 
ey  do  in  Invertebrated  animals^  j  particularly  as  it  has  been  shown  by  the 
lenments  of  Prof.  Matteucci,'  that  if  an  emnlBton  be  made  by  shaking  a 
drops  of  oil  in  water  to  which  a  little  alkali  has  been  added,  and  an 
ometer  filled  with  a  weak  alkaline  solution  be  then  immersed  in  this 
on,  the  oil  penetrates  in  a  short  time  throuo:h  the  membrauous  par- 
Ion^  and  makes  its  appearance  in  the  interior  of  the  endosmometer    Now 
the  blood  is  slightly  alkaline,  and  as  its  density  favors  the  imbibition  of 
id,  there  seems  no  reason  why  fatty  matters  should  not  thus  find  their 
y  into  the  bloodTessels,  when  they  have  been  reduced  to  a  state  of  tine 
vision  in  the  alimentary  canal,  and  have  been  rendered  alkaline  by  the 
"mist ore  of  the  biliary  and  pancreatic  fluids. 
191.  With  regard  to  the  relative  share  taken  by  the  Lymphatics  and  the 
Bloodvessels,  in  the  absorption  of  fluids  by  the  external  surface  or  from 
the  closed  cavities  of  the  body,  and  in  that  "  interstitial"  absorption  which 
fmoTes  the  solid  particles  of  the  fabric  when  they  no  longer  retain  their 
Ital  endowments,  there  has  been  a  yet  greater  amount  of  misappreheasion. 
was  long  imagined  (the  doctrine  having  been  strongly  sustained  by  John 
Hunter  and  his  immediate  followers),  that  the  office  of  the  Lymphatic  sys- 
is  to  take  up  and  remove  all  the  effete  matter  which  is  to  be  cast  out  of 
e  body»  as  no  longer  adapted  to  form  part  of  it^  and  m  inconvertible  into 
y  other  usefal  product.     For  snch  an  idea^  however,  there  is  not  the 
t  adequate  foundation,     Tlie  liquid  contained  in  the  lymphatics  has  all 
e  characters  of  dilute  "liquor  sanguinis^*  (the  liqnid  portion  of  the  blood 
which  the  corpuscles  float) ;  and  it  differs  from  that  of  the  lacteals  chiefly 
the  absence  of  fat.     The  lacteals,  indeed »  when  the  alimentary  canal  is 
ipty,  seem  to  perform  the  function  of  IjTnphatics ;  being  found  to  contain 
fluid  which  resembles  Ipnph  in  every  respect,  and  is  probably  derived 
m  the  same  source.     Again,  as  the  lymphatics  do  not  digcharge  their 
intents  into  any  of  the  outlets  through  which  they  might  bo  carried  off,  or 
nvey  them  to  the  excretory  glands  by  which  they  might  be  eliminated 
der  some  other  form,  but  pour  them  into  the  same  receptacle  with  the 
trient  matenals  newly  imbibed  from  the  food,  whence  both  are  pro|*elled 
igetber  into  the  general  current  of  the  circulation,  it  seems  almost  certain 
at  their  contents,  in  whatever  mode  obtained,  are  destined  to  be  employed 
the  formation  of  the  lissaes,.and  not  to  be  forthwith  eliminated  from  the 
stem, 

192*  With  respeet  to  the  source  of  the  Lymph,  and  the  manner  in  which 
is  imbibed,  there  is  at  present  a  deficiency  of  accurate  knowledp:c.     It  m 
iry  probable,  however,  that  it  partly  consists  of  the  residual  fluid,  which, 
having  escaped  from  the  bloodvessels  into  the  tissues,  has  furnished  the 
'  Iter  with  the  materials  of  their  nutrition,  and  is  now  to  be  returned  to  the 
rrent  of  the  circulation.     But  it  also  seems  not  unlikely,  that  it  may 
ly  be  derived  from  those  particles  of  the  solid  framework,  which  have 
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lost  their  vital  powers,  and  are  therefore  unfit  to  be  retained  as  components 
of  the  living  system,  but  which  have  not  undergone  such  a  degree  of  decay, 
as  to  prevent  them  from  serving,  like  the  aliment  derived  from  the  dead 
bodies  of  otfier  animals,  as  a  material  for  reconstruction,  when  it  has  been 
again  subjected  to  the  assimilating  process.^  In  what  way  the  seiecdw  power 
is  exercised,  by  which  extraneous  substances  are  usually  prevented  from 
entering  the  lymphatic  system,  when  they  are  quickly  received  into  the 
bloodvessels,  cannot  at  present  be  even  guessed  at :  since  there  is  no  reason 
to  believe  that  the  lymphatic  **  plexuses  of  origin"  are  in  relation  with  cells 
(like  those  of  the  villi)  to  which  such  a  function  might  be  attributed. — ^Al- 
though the  rule  is  not  so  constant  for  the  Ijrmphatics  as  for  the  lacteals,  yet 
it  does  not  appear  that  these  absorbents  readily  take  up  liquids  in  contact 
with  the  skin,  unless  they  be  of  an  alimentaiy  character,  assimilating  in 
composition  to  lymph.  There  are  certdn  saline  compounds,  however,  which 
seem  to  pass  as  readily  into  the  Ijmphatics,  when  applied  in  solution  to  the 
cutaneous  surface,  as  into  the  bloodvessels,  or  even  more  readily;  no  gene- 
ral rule,  however,  can  be  laid  down  upon  this  subject ;  and  it  is  probable 
that  differences  in  the  relative  distribution  of  the  two  orders  of  vessels  in 
the  skins  of  different  animals  may  considerably  influence  the  result.  A  pe- 
culiar aptitude  of  the  lymphatics  for  the  absorption  of  milk  seems  to  be 
shown  by  the  experiments  of  Schreger,  who  found  that  the  lymphatics  of  a 
limb  long  immersed  in  it  became  turgid  with  this  fluid :  that  none  of  it  could 
be  detected,  however,  in  blood  drawn  from  the  part,  was  sufficiently  ac- 
counted for  by  the  circumstance  that  a  bandage  had  been  tied  round  the 
limb,  thereby  producing  turgescence  of  the  superficial  veins.  The  fact  that 
the  lymphatics  in  the  neighborhood  of  collections  of  peculiar  animal  fluids, 
sometimes  become  filled  with  those  fluids — as  bile  from  an  over-distended 
gall-bladder,  or  pus  from  an  abscess — ^need  not  be  regarded  as  invalidating 
the  general  statement  already  made  with  regard  to  their  probable  function; 
for  there  can  be  no  doubt  that  under  such  circumstances  a  direct  entrance 
might  be  readily  gained  into  the  absorbents,  either  through  rupture  or  idco- 
ation  of  their  walls ;  and  in  this  way  alone  could  particles  so  large  as  pus- 
globules  find  their  way  into  these  vessels.  The  case  is  different,  howevo, 
with  regard  to  substances  introduced  through  the  skin  by  friction ;  for  th^e 
often  seem  to  find  their  way  quickly  into  the  Ijmphatics,  as  is  shown  by  the 
circumstance  that  if  they  be  of  an  irritating  character,  red  streaks  appear 
along  the  course  of  the  absorbents,  and  the  neighboring  glands  are  swoUoi. 
This  is  probably  to  be  explained  by  the  peculiarly  abundant  distribution  of 
the  lymphatics  in  the  skin,  and  the  ready  access  which  liquids  can  obtain  to 
their  walls. 

193.  There  can  be  no  reasonable  doubt  that  it  is  by  the  Bloodveasda, 
rather  than  by  the  Ljmphatics,  that  all  that  ''interstitial"  and  " snperfidal" 
absorption  is  performed,  which  is  not  of  a  directly  nutritive  character;  and 
in  particular  that  those  effete  matters  are  carried  away  from  the  tissues,  which 
are  destined  to  immediate  elimination.  Thus,  the  most  rapid  and  constant 
in  its  formation  of  all  the  excretory  products,  and  the  most  injurious  if  re- 
tained, is  carbonic  acid ;  and  this  is  conveyed  by  the  venous  system  to  the 

'  In  thif  point  of  riew,  the  almost  entire  absence  of  Ijmphaties  fh)m  the  Museolir 
and  Nenrons  tissues  presents  an  obvious  signification ;  since  when  theie  tiMoes  are  dis- 
intcg^ted  by  being  called  into  yital  activity,  their  elements  at  once  pass  into  new  states 
of  combination,  which,  being  purely  cxcrementitious  in  their  character,  are  not  fit  to  be 
received  into  the  lymphatic  system  for  the  purposes  of  nutrition,  but  are  directly  coa- 
Teyed  by  the  sanguiferous  current  to  the  organs  which  are  charged  with  their  elimina- 
tion from  the  body. 
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Dgs,  in  which  it  is  forthwith  removed  from  the  blood.     So  again,  it  is  by 
f$peelal  armngemeTit  of  a  part  of  the  venous  system,  that  the  liyer  is  sup- 
plied with  venous  blood  for  the  elaboratiou  of  bile ;  indicating  that  it  is  in 
lueh  blood  that  the  elements  of  the  bile  most  abound.     And  this  will  be 
seen  to  be  the  ease  with  regard  to  tho  Kidneys  also,  in  the  lower  Vertcbmta; 
although  in  the  higher,  it  is  from  the  arterial  system  that  they  receive  their 
supply  of  lilood  for  eeeretion  as  well  as  for  nutrition.    Farther,  as  no  lymph- 
atics exiit  in  the  whole  Invertehrateil  series,  it  is  obvious  that  nothing  but 
e  Banguiferou&  sytsteia  can  perform  the  entire  function  of  interstitial  ab- 
rption ;  and  the  same  must  he  the  ca^^e  in  those  tissues  of  Y ertebrata, 
hieh  are  destitute  of  special  absorbents.     Experiments  demonstrating  the 
exercise  of  the  absorbent  power  by  the  bloodvessela^  upon  substances  placed 
in  contact  with  thenij  arc  most  numerous  and  convincing ;  it  will  he  Bufli- 
cient  to  mention  two*     Mnjer,  having  injected  a  solution  of  prussiate  of 
potash  into  the  lungs,  detected  it  in  the  left  cavities  of  the  heart  sooner 
than  in  the  right;  whence  it  is  obvious  that  it  must  have  been  absorbed  by 
the  pulmonary  bloodvessels  more  speetlily  than  by  the  lymphatics  of  the 
lungs.     And  when  the  jugular  vein  of  a  young  dog  was  laid  bare  by  Ma- 
gendie,  and  a  solution  of  nnx  vomica  was  applied  to  its  external  surface, 
lihe  symptoms  of  poisoning  manifested  themselves  in  four  minutes. 

194.  It  may  be  stated,  then,  as  a  general  fact,  that  the  Bloodvessels  are 
e  principal  channels,  through  which  water  and  substances  dissolved  in  it 
are  introduced  into  the  body,  cither  from  the  walls  of  the  alimentarj'  canal, 
or  from  the  general  surface;  and  by  which  that  inten^titial  absorption  is 
effected,  whereby  the  particles  that  have  served  their  purpose  in  the  solid 
fabric  are  removed  from  it. — But  that  the  Absorbent  system,  possessed  by 
the  higher  animals,  is  the  special  channel  for  the  introduction  of  oleaginous 
matters,  suspended  in  an  alhumiuons  fluid,  from  the  intestinal  tube ;  and 
for  the  return  to  the  sanguineous  circulation  of  such  matters  as  may  be 
yielded  back  by  the  tissues  (whether  from  the  superfluity  imparted  to  them 
by  the  blood,  or  as  products  of  their  own  disintegration),  in  a  state  to  be 
ain  employed  for  the  i*urposes  of  nutrition.    'Wg  shall  hereafter  find  rea- 
u  to  believe  (Chap,  IX.),  that  during  its  fjlow  movement  through  the  ab- 
inlii,  and  especially  during  its  pasaage  through  their  glandule,  the 
and  Lymph  niidergo  changes  by  which  it  is  brought  into  a  nearer 
likeneik^  to  the  Blood,  more  especially  in  regard  to  the  vital  properties  of 
^^at  fluid. 

^K  IDo-  Notwitkstaudiug  that  it  is  through  the  walls  of  the  alimentary  canal, 
^^p  moet  of  the  higher  animals,  that  the  introduction  of  nutriment  from  with- 
^^bt  ii  chiefly  eflceted,  yet  it  must  not  be  lost  sight  of  that  the  (letierai  sur- 
^^^e  of  Animak,  as  of  Plants,  is  still  to  a  certain  degree  capable  of  taking 
this  function  upon  itself;  and  this  not  merely  when  the  regular  channels 
^^ive  been  closed,  but  even  in  some  cases  as  the  regular  functional  duty  of 
^flat  part     Thus,  the  experiments  of  Dr.  Madden^  show  that  a  positive  in- 
ermse  usually  takes  place  in  the  weight  of  a  man  immersed  in  a  wann-batb, 
t^Tcn  though  there  be  at  the  same  time  a  loss  of  weight  by  pulmonary  exha- 
latlOB  and  by  transudation  through  the  skin ;  and  he  found  that  when  this 
loii  was  taken  into  account,  the  quantity  of  water  alisorbed  was  about  an 
ounce  and  a  half  in  half  an  hour.     The  absorption  will  be  more  rapid,  when 
the  fluids  of  the  body  have  been  previously  diminished  by  unusual  exhala- 
tion ;  thus,  Dr.  S,  Smith  mentions  that  a  man  who  had  lost  nearly  three 
uads  by  perifpiration  during  an  hour  and  a  quarter's  labor  in  a  very  hot 
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dry  atmosphere,  regained  eight  ounces  by  immersion  in  a  warm-bath  for  half 
an  hour.  And  a  patient  into  whose  stomach  no  aliment  of  any  kind  could 
be  introduced,  has  been  kept  alive  for  some  time  chiefly  by  cutaneous 
absorption,  the  body  having  been  immersed  night  and  morning  in  a  bath  of 
milk  and  water,  and  imbibing  from  24  to  36  ounces  per  diem. — ^Even  the 
vapor  of  the  atmosphere  may,  in  certain  cases,  afford  the  requisite  supply. 
Thus  Frogs  seldom  or  never  drink,  but  they  habitually  live  in  a  moist  atmo- 
sphere ;  and  when  they.have  lost  fluid  by  exposure  to  hot  dry  air,  they  will 
regain  their  weight  by  being  left  for  a  time  upon  moist  sand,  and  the  blad- 
der (which  serves  as  a  reservoir  of  water  for  cutaneous  exhiJation)  though 
previously  emptied,  will  be  refilled.^  It  is  probable  that  the  same  may 
occur  in  all  animals  with  a  soft  naked  skin ;  and  there  are  cases  which  (if 
the  facts  be  correctly  reported)  would  seem  to  prove  unequivocally,  that 
the  cutaneous  and  .pulmonary  surfaces  even  in  Msm  may  serve  upon  occa- 
sion for  the  introduction  of  large  quantities  of  fluid  from  the  vapor  of  the 
atmosphere.* 


CHAPTER  V. 


OF  THE  CIRCULATION  OF  NUTRITIVE  FLUID. 

1.   General  Considerations. 

196.  In  beings  of  the  most  simple  organization,  whether  belonging  to  the 
Animal  or  to  the  Vegetable  kingdom,  we  have  seen  that  every  part  of  the 
surface  is  equally  capable  of  absorbing  the  liquid  aliment  brought  into  con- 
tact with  it;  and  that  the  materials  of  the  tissues  are  supplied  by  the  con- 
tinual imbibition  of  the  nutriment  thus  immediately  derived  from  external 
sources.  In  such,  therefore,  it  might  be  inferred  that  no  transmission  of 
fluid  from  one  portion  to  another  would  .be  required  for  the  purposes  of  the 
economy ;  and  we  find  no  evidence  of  its  existence,  either  in  a  stmctore 
specially  adapted  to  it,  or  in  any  visible  motion  of  such  fluid.  But  as,  in 
more  complex  organisms,  a  small  part  only  of  the  surface  is  particularly 
appropriated  to  the  function  of  Absorption,  it  becomes  evidently  necessary 
that  means  should  exist,  for  conveying  to  distant  parts  the  nutriment  they 
require.  This  is  effected  by  the  Circulation  of  the  nutritious  fluid,  through 
a  system  of  vessels  or  passages  adapted  to  this  purpose ;  and  it  may  be  re- 
garded as  a  general  statement  of  the  condition  of  this  system  in  all  classes 
of  living  beings,  that  its  development  is  proportional  to  the  degree  of  &mtito- 
tion  of  the  power  of  absorption,  by  which  the  parts  directly  imbibing  aliment 
are  removed  from  those  requiring  supplies. — But  the  conveyance  of  nutrient 
fluid  to  the  remote  parts  of  the  organism,  is  not  the  only  object  to  be  fhl- 
fiUed  by  the  circulating  apparatus ;  since  the  crude  aliment  must  be  exposed 
to  the  influence  of  the  air  before  it  becomes  fit  for  its  ultimate  purpose,  and 
that  which  has  once  passed  through  the  tissues  of  Animals  must  undergo  a 
similar  process  to  restore  it  to  its  proper  condition.  This  process,  wliidi 
constitutes  the  function  of  Respiration  (Chap.  YI.),  requires  that  the  c^ 
culating  fluid  should  pass,  in  all  highly-developed  organisms,  through  certefai 
organs  specially  adapted  for  its  performance ;  and  hence  the  arrangement 

«  See  Art  *< Amphibia,''  In  "Cyclop,  of  Anat.  and  Physiol.,"  toI.  i.  p.  104. 
'  See  the  Author'a  "  Hutnnn  Physiology,"  {{  468—470,  5th  Am,  Ed.,  and  the  ctMi 
there  cited. 


af  the  circulttting  system  is  modified,  not  only  for  conreying  the  alimentary 
materials  from  the  part  of  the  system  where  they  are  introilueed  to  that 
where  they  are  required,  hut  also  for  causing  it  to  be  brought,  duriug  some 
part  of  lis  transit,  into  relation  with  the  atmosphere.  It  is  very  evideat, 
therefore,  that  the  uninterruptetl  performanee  of  this  function  is  essential  to 
the  continnance  of  life ;  siaee  not  only  does  the  nutrition  of  the  tissues,  or 
'' vegetatiTe  life,"  wholly  depend  upon  the  tnatenals  thas  sopplied;  hut  the 
presence  of  oxygen  conveyed  by  the  vital  fluid  is  necessary  for  the  active  per- 
formance of  the  *'  animal  functions"  by  the  nervo-muscular  apparatus  (§  93)* 
197.  In  the  study  of  the  Circuktion,  we  shall  have  reason  to  see  the 
peculiar  advantage  to  be  derived  from  the  investigation  of  the  simplest  con- 
ditioDs  under  whicli  it  may  be  performed.  It  has  lieen  from  the  confinement 
of  their  attention  to  tliis  function,  as  it  exists  in  the  higher  Animals  only^ 
that  many  Physiologists  have  adopted  incorrect  and  narrow  views  as  to  the 
powers  by  which  it  is  maintained  j  views  which  are  incapable  of  extension 
lu  the  whole  Animal  kingdom,  far  less  to  the  Vegetable  creation,  and  which 
must  therefore  be  fundamentally  erroneous.  We  shall  endeavor  to  show  that 
principles  of  wider  eomprchensiveness  may  be  attained,  by  comparing  the 
principal  facts  relative  to  the  circulation  of  nutrient  fluids  derived  from  ali 
the  classes  of  living  beings  in  which  it  presents  itself. 


%   Oireuiation  in  Vegetables . 

19S,  The  tissncs  of  the  lower  tribes  of  Crffptoffamia,  being  almost  entirely 

tlMar  in  their  structure,  do  not  seem  to  be  adapted  for  any  very  regular 

Dr  definite  transmission  of  fluid.     The  A{q^,  as  already  stated,  absorb  by 

beir  whole  surface ;  and  there  appears  to  be  so  little  communication  in  this 

between  different  parts  of  the  same  individual,  that,  if  one  portion  be 

uded  out  of  the  water,  it  will  dry  up  and  die,  whilst  that  which  remains 

sed  will  preserve  its  freshness.     No  trace  of  vessels  is  discoverable  in 

order  *  the  cells  present  a  rounded  form  in  almost  every  part ;  and  the 

f  deviation  from  this  arrangement  occurs  in  the  *'  veins"  which  strengthen 

file  foliaceous  expansions  of  some  of  the  higher  species,  in  which  we  find 

lie  cells  somewhat  eloufg-ated^  and  presenting  an  approach  in  form  to  woody 

ibre, — Amongst  the  Lichens,  a  similar  unifonnity  of  structure  prevails  ;  no 

>pearance  of  vessels  is  perceptible ;  but  wherever  the  form  of  a  stem  is 

suiuedj  the  cells,  which  are  rounded  in  the  foliaceous  ex-pan  si  ons,  possess 

or  less  of  elongation.     As  in  this  tribe  the  power  of  absorption  is 

tly  restricted  to  the  side  least  exposed  to  light,  some  capability  of  dif- 

BSiQg  the  nutrient  fluid  is  required ;  and  it  appears  that,  when  the  absorb- 

Qt  surface  is  placed  in  water,  the  liquid  is  slowly  transmitted  in  the  course 

the  elongated  cells,  to  the  whole  plant. — In  the  higher  Fungi,  we  may 

ce  a  further  development  of  this  simple  form  of  the  Circulating  appara- 

.     In  Ihose  species  whose  reproductive  apparatus  is  elevated  on  a  stipes 

jSL  the  Mushroom  tribe),  the  nutriment,  which  is  entirely  received*  by 

'  ajeeliam  at  its  base,  is  transmitted  by  ita  elongated  cells,  and  probably 

angh  certain  hollows  left  by  the  separation  of  the  tissue  (termed  inter- 

tllvlar  spacer),  to  the  expansion  on  it^  summit,  where  it  is  diffused  in  every 

iii^ction. — It  may  be  regarded,  tlierefore,  as  a  general  expression  of  the 

Bnction  in  these  Cellular  plants,  that,  when  there  is  no  tendency  to  pro- 

Dugution  in  a  particular  direction,  and  the  cells  retain  their  rounded  form, 

bey  transmit  fluid  with  equal  readiness  towards  all  sides;  but  that,  when 

/  separation  of  the  different  part^  takes  place,  by  the  restriction  of  the 

auctioQ  of  Absorption  to  one  portion  of  the  surface,  there  is  a  tendency  to 
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the  evolation  of  an  axis  fonned  of  prolonged  cells,  in  the  direction  of  which 
the  fluid  is  conveyed  most  readily  to  the  other  parts  of  the  system ;  its 
course  being  most  rapid  in  those  parts  in  which  the  laxity  of  the  tissue  and 
the  direction  of  the  cells  oppose  the  smallest  amount  of  resistance,  just  as 
we  see  the  liquids  penetrating  easily  through  unsized  paper. 

199.  In  the  higher  group  of  Oryptogamia,  consisting  of  the  Mosses  and 
Ferns  with  their  allies,  we  find  a  much  more  evident  approach  to  the  vascn- 
lar  structure  and  general  circulation  of  the  Phanerogamia.  Sdll,  however, 
its  lower  tribes  (such  as  the  Bepaticte,  §  2t)  are  so  closely  connected  with 
the  more  perfect  forms  of  the  preceding  group,  that  what  has  been  said  of 
those  will  be  equally  applicable  to  them. — ^Among  the  Masses,  strictly  so 
called,  we  find  several  species  in  which  a  complete  stem  is  developed,  fur- 
nished with  radical  fibres  at  its  base,  and  bearing  a  number  of  veined  leaves 
regularly  arranged  upon  it.  In  these,  the  cellular  tissue  between  the  cen- 
tral and  cortical  portions  of  the  stem  and  in  the  mid-veins  of  the  leaves 
becomes  considerably  elongated,  so  as  almost  to  resemble  woody  and  vas- 
cular structure ;  it  does  not  appear,  however,  that  fluids  are  so  readily  trans- 
mitted along  this  tissue  (probably  on  account  of  its  greater  compactness) 
as  they  are  through  the  softer  parenchyma  which  envelops  it.  It  can 
scarcely  be  doubted  that  there  is  in  Mosses  a  regular  transmission  of  floid 
absorbed  by  the  roots,  towards  the  leaves ;  especially  as  we  find  many  of 
them  furnished  with  that  special  exhalant  apparatus  for  the  transpiration  of 
fluid,  which  is  fully  developed  in  the  more  perfect  plants  (Chap.  VII.). — 
In  the  Ferns,  the  evolution  of  a  true  woody  stem  proceeds  to  a  mnch 
greater  extent;  and  in  this  is  found  a  vascular  structure,  scarcely  differing 
from  that  of  the  Phanerogamia.  Although  little  has  been  observed  as  to 
the  circulation  of  sap  in  this  group,  it  can  scarcely  be  doubted  that  the 
fluid  absorbed  by  the  roots  ascends  to  the  leaves,  as  in  Flowering-plants; 

and  it  appears  that,  as  in  the 


Fig.  109. 


-  .& 


Longitudinal  section  of  Stem  of  Italian  Reed  ; — 
a,  cells  of  the  pith ;  b,  fibro-vuonlar  bundle,  con- 
taining. 1.  nnnulnr  duct;  2.  spiral  duct;  3.  dotted 
duct  with  woody  fibre;  c,  cells  of  the  intcgamont 


least  actively-vegetating  states 
of  the  latter,  the  sap  ascends 
rather  through  the  cellular  pa- 
renchyma, than  through  the 
''  scalariform  vessel,"  which 
generally,  if  not  always,  con- 
tain air. 

200.  Wc  shall  therefore  pass 
on  at  once  to  describe  the  cir- 
culation in  the  Phanerogamia, 
in  which  it  has  been  more  fiiDy 
investigated ;  and  we  have  firrt 
to  speak  of  the  ascending  cur- 
rent, which  is  produced  by  the 
movement  of  the  fluid  that  is 
absorbed  at  one  extremity  of 
the  axis,  towards  the  leaves  Irf 
which  a  large  proportion  of  it 
is  exhaled  at  the  other. — ^Each 
annual  layer  that  composes  the 
wood  of  the  stem  of  JSxogens, 
consists  of  woody  fibre  and 
ducts,  intermixed  with  more  or 
less  ojf  cellular  tissue  (Fig.  109); 
the  vessels  being  usually  situated 
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at  the  inDcr  part  of  the  rin^,  and  the  fibrous  tisHue,  which  is  not  formed  until 
later  in  the  year,  lying  externally  to  them.  The  vessels  have  usually  the 
greatest  diameter  in  long  slender  sterns,  belonginj^  to  plants  of  aetiTe  vegeta- 
tion, in  which  the  sap  has  to  be  conveyed  with  rapidity  to  a  considerable  dis- 
tance, as  in  the  Vine  and  the  Clematis;  and  they  are  usually  krger,  altio,  where 
the  stem  h  dense,  as  in  the  Oak,  Elm,  Mahogany,  Ac.,  than  where  its  softnesa 
and  laxity  allow  the  whole  texture  to  convey  fluid  more  roadily,  bs  in  the  Pine 
tribe,  which  is  destitute  of  any  distinct  Kap-ressels,  or  in  herbaceous  plants,  in 
which  they  are  nsually  small  in  proportion,  or  in  the  young  shoots  of  woody 
branches  in  which  the  intercellular  passages  abound.  In  the  latter  it  is 
probable  that  the  cellular  parenchyrua  always  aflbrds  the  principal  channel 
for  the  ascent  of  the  sap ;  and  even  where  the  vessels  are  large,  it  appears 
from  recent  experiments  to  be  only  when  the  sap  is  ascending  rapidly,  that 
they  take  part  in  its  conveyance,  their  tubes  being  occupied  at  other  times 
ky  air  alone,  which  is  then  displaced**  The  deposition  of  the  products  of 
Ifceretion,  which  gives  strength  and  firmness  to  the  dttramett^  destroys  or 
jprreatly  diminishes  its  power  of  transmitting  fluid ;  and  it  is  consequently 
throogh  the  external  layers ,  which  constitute  the  allttirmtm  or  sap-wood, 
that  the  movement  of  fluid  chiefly  takes  place. — Of  the  precise  course  of  the 
ftscending  sap  in  Endagens,  we  have  no  certain  knowledge ;  there  can  be 
^ttle  doubt,  however,  that  it  is  conveyed  through  all  the  tissues  of  the  stem 
^Rtich  are  not  consolidated  by  interstitial  deposit,  but  more  especially  by 
the  ducts  when  these  are  peculiarly  large  and  open,  as  is  especially  the  case 
in  long,  firm,  slender  stems,  whose  leaves  are  borne  at  a  considerable  dis- 
tance from  the  roots.  Of  this  arrangement,  the  various  species  of  Calamus 
or  *' reed-palm^*  (one  of  which  furnishes  the  well-known  **  rat  tan -cane") 
present  most  characteristic  examples ;  the  ducts  being  of  great  size  and 
freely  pervious  through  considerable  lengths,  whilst  the  remaining  tissnea 
of  their  wiry  stems  are  so  dense  as  to  be  quite  uniit  fur  the  conveyance  of 
fluid.* 


*  Sec  Hoffman  "  On  the  Circalntion  of  the  Sup  in  Plnnta,'*  in  "  Botnmscbe  Zoitung,** 
ToU,  vi,  viiL,  translate  J  by  Mr.  Henfr^y  in  '» Scientifi<5  Memoirs,"  IBijU. 

^  It  h&i  Won  iiiSrined  hy  Prof.  SchleidGQ,  that  the  idea  of  the  ascent  of  tlie  sap 
throngh  Tps&ela  is  attogotbt^r  a  fiction,  cremated  by  tbo  imagmation  of  those  who  have 
desired  to  find  ia  Plaata  th«  annlognes  of  tbc  Animal  functions.  But  the  Antbor  cnn- 
tio\  help  heUeviiig  that  tbe  desire  of  tbat  distlngniabed  Botaaiat  to  oalablififa  tbe  entire 
ahtmct  of  ft^Q&logy  between  tbe  two  kingdamH,  bati  much  to  do  with  his  Bomowbftt  dog- 
matic deniAl  of  n  moyement  of  fluid  through  vessels  in  Plants,  And  whilst  tbe  Antbor 
ii  far  from  denjing  that  the  cells,  woody  fibre?,  and  intercellular  paBSages  of  tho  steni, 
att  mmoBt  in  the  tmnsmi^iOEi  of  fiuid  from  tbe  roots  towanls  the  li'aves,  he  cannot  but 
tUak  Hi*t  tiie  ducts,  when  fully  developed,  are  the  Apfdul  channels  by  which  this  tram* 
wifinon  is  effected.  How  eUe  could  tlie  ascending  sap  find  its  way  tbrcngh  the  wiry 
ttoms  of  the  CmlamtiM  rud^tum,  or  *'  eable-palm,"  which  arc  sometimes  600  feet  loDgf 
— Tbe  experimeota  of  Hooninger  (**Botftmaebe  Zeitung,"  1843)  upon  tbe  absorption  of 
fetn^cyanjile  of  potassium,  the  course  of  which  upwards  through  the  stem  was  after- 
WEfd/tcsted  with  sulphate  of  iron,  led  him  to  the  conclusion  {which  has  been  adopted 
hy  Link  and  other  tlistinftMiabed  Botanists)  that  it  is  only  through  tbe  tubnlftr  tif«sues 
of  ViiPOJibir  plants^  that  fluid  asceadi,  Hia  experiments,  however,  were  chiefly  made 
n  species  in  which,  for  the  reason!  stated  in  the  text,  the  Ycstols  afford  a  much 
ier  L'himnel  for  tbe  aap^  thaa  do  the  other  tisanes*  On  the  other  band,  Mr.  Rainey, 
iclndcd  from  eiperimeats  of  a  very  similar  Ictnd,  made  with  bichloride  of  mercury, 
tiiat  tbe  aseent  of  sap  chiefly  tikkei  place  in  the  intercellular  p&asages  (<'  Experimental 
loqnirj  iut**  the  Cause  of  tbe  Ascent  and  Descent  of  tbe  Sap,"  1847)* — Tbe  Author  can* 
not  bat  belicTe  that  the  discrepancies  of  these  and  naraerona  other  obBervationa  aits  partly 
due  ti»  diflcrences  in  tbe  strut;  ture  of  the  at  cms  of  the  respective  species  upon  which 
they  have  been  made,  and  partly  (as  the  resultii  of  Dr.  Hoffmiui's  experiments  indicate) 
to  dlfetTiices  in  tbe  epoch  or  activity  of  regetatiou. 
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201.  The  caase  of  the  ascent  of  the  sap  in  the  stem  has  long  been  a  dls- 
pntcd  question  amongst  physiologists ;  some  attributing  it  altogether  to 
mechanical  influences,  and  some  regarding  it  as  a  purely  vital  (and  therefore 
completely  inexplicable)  phenomenon.  A  Tery  simple  experiment  will  show 
that  two  sets  of  causes  must  be  in  constant  operation.  If  the  top  of  a 
young  tree  be  cut  off  in  the  spring,  and  the  divided  extremity  be  Immersed 
in  water,  it  will  absorb  a  sufficient  quantity  of  fluid  for  the  temporary  sup* 
ply  of  the  leaves ;  whilst,  on  the  other  hand,  the  portion  of  the  stem  left 
in  the  ground  will  continue  for  a  time  to  discharge  the  fluid  drawn  up  by 
the  roots.  It  is  then  evident,  that  the  propulsive  power  of  the  roots,  for 
which  we  have  already  endeavored  to  account  (§  Itf ),  is  a  partial,  but  not 
the  entire,  cause  of  the  ascent  of  the  sap  in  the  stem ;  since  the  latter  ¥rill 
continue  by  simple  imbibition,  when  the  open  extremities  of  the  vessels  are 
placed  in  fluid,  provided  that  the  functions  of  the  leaves  are  suflBlciently  ac- 
tive to  occasion  a  demand  for  it.  Moreover,  there  would  seem  no  reason 
why  the  spongioles  should  not  be  as  capable  of  absorbing  fluid  in  the  winter 
as  in  summer ;  and  if  the  ascent  of  the  sap  depended  entirely  opon  them, 
we  should  expect  that  it  would  be  continued.  That  they  are  thus  capable 
has  been  frequently  shown,  by  grafting  a  shoot  of  an  evergreen  upon  a  stock 
whose  leaves  are  deciduous ;  it  being  found  that  the  uninterrupted  continu- 
ance of  the  demand  meets  with  a  corresponding  supply.  A  still  more  strik- 
ing experiment  is  to  train  a  shoot  of  an  out-door  vine,  or  other  plant,  into  a 
hothouse  during  the  winter ;  the  unusual  warmth  will  cause  an  immediate 
development  of  the  buds,  for  which  a  supply  of  nutriment  is  required;  and 
this  is  derived  from  the  roots,  whose  usual  torpidity  at  this  season  is  thus 
remarkably  interrupted.  Careful  examination  of  the  first  movement  of  the 
sap  in  spring,  also  leads  to  the  same  result ;  for  it  is  now  ascertained  that 
the  upward  flow  begins  near  the  buds,  and  that  it  may  be  progressively  ob- 
served in  the  branches,  trunk,  and  roots — the  latter  not  commencing  their 
action,  until  the  superincumbent  column  has  been  removed.  It  can  scarcdy, 
then,  admit  of  a  doubt,  that  the  demand  for  fluid,  occasioned  by  the  vital 
processes  which  take  place  in  the  leaves,  is  the  essential  cause  of  the  motion 
of  the  sap  in  the  higher  parts  of  the  tree ;  and  that  the  propulsive  power 
of  the  roots  is  principally  expended  in  raising  it  to  the  sphere  of  that  in- 
fluence. It  is  evident  that  the  quantity  of  fluid  absorbed  by  the  roots,  will 
be  proportioned  to  the  rapidity  of  its  removal  by  the  leaves  above;  jnst'as 
the  continued  rise  of  oil  in  the  wick,  by  simple  capillary  attraction,  is  regu- 
lated by  the  rate  of  combustion  at  its  apex. 

202.  It  has  been  commonly  supposed  that  the  **  crude  sap"  of  the  ascend- 
ing current  is  entirely  unfit  to  nourish  the  growing  tissues ;  and  tbat  thej 
derive  the  materials  of  their  support  from  a  descending  current  of  "elabo- 
rated sap,"  which  is  prepared  in  the  leaves,  and  is  thence- returned  by  a  dis- 
tinct set  of  vessels  to  the  axis,  through  which  it  is  transmitted  even  as  fitf 
as  the  extremities  of  the  roots.  This  doctrine,  however,  can  by  no  meaai 
be  admitted  in  the  form  here  stated ;  although  it  probably  contains  a  certain 
amount  of  truth.  The  ascending  current  does  not  contain  those  elements 
only  which  are  absorbed  from  the  soil,  namely,  water,  carbonic  acid,  ammo- 
nia, and  some  mineral  ingredients;  for,  as  Prof.  ScMeiden  remarks,*  "from 
whatever  part  and  at  whatever  time  we  examine  the  sap  of  a  plant,  we  find 

1  **  Principles  of  Scientific  Botany,"  translated  by  Dr.  Lankester,  p.  605. — ^The  whoto 
of  the  Section  entitled  "General  phenomena  in  the  Life  of  the  entire  Plant"  la  worthy 
of  careful  study  by  those  who  are  capable  of  supplying  by  their  own  knowledge  whftt 
is  left  unsaid  by  its  learned  Author. 
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that  it  contains  organic  pniicipks  which  cannot  come  from  the  soil,  because 
they  do  not  exkt  there;  snch  are  sugar,  gum,  albumen,  malic^  citric^  and 
tartaric  acids,  ikc,"  The  preseDee  of  these  substances  in  the  ascending 
current  is  accounted  for  by  some  Physiologists,  on  the  idea  that  they  were 
previously  contained  in  the  tissues,  and  have  been  taken  np  by  it  in  its  pro- 
gress through  them;  whilst  by  Schleiden  and  others  it  is  affirmed,  that  they 
must  have  been  generated  by  the  assimilating  action  of  these  tissues  upoti 
the  materials  drawn  in  by  the  roots-*  Whichever  of  these  two  views  Is  the 
correct  one  (and  it  is  possible  that  both  may  be  partly  true),  it  is  certain 
that  the  ascending  cnrrent  of  sap  must  be  capable  of  affording  nutriment 
to  l^hc  growing  tissues,  in  so  far  as  it  holds  gum,  sugar,  and  albumen  in 
solution ;  and  hence  there  is  no  sufficient  reason  for  looking  to  a  supply  of 
*' elaborated  sap,"  afforded  by  a  hypothetical  descending  cnrrent,  as  tlicir 
sole  pabulum.  But,  on  the  other  hand,  there  appears  sufficieBt  eTidence 
that  the  leaves  are  the  chief  agents  in  the  iutroduction  of  carbon  into  the  sys- 
tem, by  the  decomposition  of  the  carbonic  acid  of  the  atmosphere  (§  268)  ; 
and  that  a  much  greater  quantity  of  the  organic  componndx^^  at  the  expense 
of  which  the  new  tissues  of  the  plant  are  formed,  is  prepared  by  their  in- 
strumentality, than  by  any  other  means.  These  organic  compounds  must 
be  dispersed  through  the  axis ;  and  there  appears  strong  reason  to  believe 
tJiat  this  dispersion  is  chiefly  effected  by  the  cellular  portion  of  it,  and  espe- 
cially, in  Exogens,  by  the  bark  (with  which  the  leaf-stalks  are  in  very  inti- 
mate connection)  and  by  the  medullary  rays.  By  the  bark,  these  compounds 
are  especially  conveyed  to  the  interspace  between  the  liber  and  the  albur- 
num, in  which  the  formation  of  new  wood  takes  place;  whilst  by  the  medul- 
lary rays  tbej  are  carried  in  towards  the  centre  of  the  stem,  and  afford  the 
means  of  consolidation  to  the  duramen.  It  is  in  accordance  with  this  view, 
that  if  a  ring  of  bark  be  removed  from  a  stem,  the  parts  above  the  ring 
undergo  an  unustial  amount  of  increase,  whilst  those  below  the  ring  are 
comparatively  atrophied.  There  is  no  reason  to  suppose,  however,  that 
this  dispersion  is  effected  by  anything  like  a  current;  still  less,  that  any 
special  system  of  resaels  is  provided  for  conveying  back  the  ''elaborated 
sap'*  from  the  leaves  to  the  stem.  Its  transmission  appears  to  be  simply  a 
process  of  imbibition,  taking  place  between  contiguous  cells,  whereby  each 
eommanicatcs  to  the  rest  a  portion  of  the  nutritive  materials  with  which  it 
is  charged ;  every  one  making  that  use  of  them  which  is  in  accordance  with 
its  own  endo^^-menta. — Additional  evidence  in  favor  of  the  view  here  advo- 
cat4?d,  will  be  given  hereal^er  (Chap.  Till.). 

203.  It  appears  from  microscopic  observation,  however,  that  a  special 
circulation  of  peculiar  juices  does  take  place  in  certain  parts  of  particular 
tribes  of  plants,  through  that  system  of  anastomosing  vessels,  which  has 
been  termed  lutici/erafiM  (Fig,  110).  This  c^chwU  has  been  only  observed 
in  plants  with  *' milky"  juices,  that  is,  in  those  which  have  a  *Matex**  ren- 
dered opaque  by  the  presence  of  floating  particles  of  resin,  caoutchouc,  or 
Other  substances  J  and  it  is  altogether  questionable,  whether  this  'Mates" 
ii  not  peculiar  to  the  plants  with  milky  juices,  and  is  not  rather  to  be  con- 
sidered in  the  light  of  a  special  secretion^  than  as  a  nutrition^!  fluid.  When 
the  laticiferons  vessels  are  cut  or  broken  across,  a  flow  of  fluid  takes  place 
from  the  wounded  partj  and  if  a  piece  of  the  bark  or  leaf  of  a  ''milky'* 


Mt  IB  cjlfficult  to  understand,  liovcTer,  how  this  process  can  be  effected  by  the  cella 
of  tbe  interior  ef  the  stem  and  rootit,  tteel tided  a$  thoy  are  from  the  direct  in^uence  of 
light  I  without  which  (we  hnve  ererj  reAsmi  to  belmvc)  no  direct  prodactiaQ  of  orgftnio 
lUi&poimds  from  Jnoi^i^c  el  ernes  ts  can  take  pkce. 
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Latiolferous  YeMcli : — A,  their  formation  from  eellfl ;  b, 
network  of  milk-reflsels  from  the  stipule  of  Fiem  elattica. 


plant  be  cut  oat  and  placed  under  the  microscope,  the  fluid  contained  in 

the  Tcssels  will  be  seen  in 
Fig.  110.  rapid  movement  throughout 

This,  however,  has  no  rela- 
tion to  the  true  circulation, 
which  was  first  described  bj 
Prof  Schultz  as  taking  place 
in  the  laticiferoua  vessels  of 
an  uninjured  part.'  The 
movement  fieems  to  take 
place  in  all  directions,  the 
currents  often  running  con* 
trariwise  in  contiguous  ves- 
sels. Sometimes  one  of  these 
currents  may  be  observed  to 
stop,  its  cessation  being  pre- 
ceded byatomponuyoscilla- 
tion,  it  afterwards  recom- 
mences, or  a  new  current  is 
established  in  a  contrary  di- 
rection. The  rate  of  move- 
ment is  greatest  in  parts 
which  are  in  progress  of  de- 
velopment, other  things  re- 
maining the  same ;  it  is  also  accelerated,  within  certain  limits,  by  warmth ; 
and  is  retarded  or  entirely  brought  to  a  stop  by  cold,  recommencing  on  the 
renewed  application  of  warmth.  A  strong  electric  shock  puts  an  end  to  it 
immediately. 

204.  The  resemblance  between  this  movement  in  Plants  and  the  capil- 

1  «NoTa  Acta  Acad.  Nat.  CiMos.,"  toI.  xviii.,  and  «Ann.  dcs  8oL  Nat,"  2*  Mr. 
Botanique,  torn.  rii. — The  f  tatem^ts  of  Schultz  have  been  called  in  question  bv  mutj 
distinguished  Botanists,  amongst  others  by  Prof.  Schleiden,  who  have  regaraed  tiM 
movements  described  by  him  as  the  result  of  injury  to  the  vessels,  permitting  the  dii- 
charge  of  their  contents,  and  consequently  establishing  a  current  towards  the  point  of 
exit.  8o  many  competent  observers,  however,  have  satisfied  themBeWes  that  saeh  is 
not  a  sufficient  explanation,  that  the  existence  of  a  regular  movement  of  the  latex  in 
certain  plants  must,  in  the  Author's  opinion,  be  regarded  as  an  estabU^ed  faot,  what* 
ever  be  its  degree  of  generality.  The  latest  recorded  observations  on  this  point  are 
those  of  Prof.  Balfour;  which  are  to  the  following  effects — **From  observations  made 
last  summer,  I  am  disposed  to  agree  with  Schultz's  statements.  It  is  tme,  as  Mobl  re- 
marks, that  any  injury  done  to  the  part  examined,  causes  peculiar  oscillatory  movomentii 
which  speedily  cease.  Thus,  if  the  yodng  expanded  sepal  of  the  Celandine  is  removed  fnrn 
the  plant  and  put  under  the  microscope,  or  if  the  inner  lining  of  the  young  sUpole  ef 
Ficus  eUutiea  be  treated  in  a  similar  manner,  very  obvious  motion  is  seen  in  the  granu- 
lar contents  of  the  vessels,  and  this  motion  is  affected  by  pricking  the  vessel  or  by  pres- 
sure. In  order  to  avoid  fallacy,  however,  I  applied  the  microscope  to  the  stipolei  of 
FieuM  e^/iea  while  still  attached  to  the  plant,  and  uninjured;  and  I  remarked  that, 
while  pressure  with  any  blunt  object  on  the  stipule  caused  a  marked  oscillation  in  thi 
vessels,  showing  their  continuity,  there  could,  nevertheless,  be  observed  a  regular  move* 
ment  from  the  apex  towards  the  base,  independent  of  external  influences,  when  the  ttf- 
pule  was  simply  allowed  to  lie  on  the  field  of  the  miscroscope,  without  any  pressors  or 
injury  whatever.  This  movement  continued  for  at  least  twenty  minutes  daring  one  of 
the  experiments,  and  I  have  no  doubt  might  have  been  observed  longer.  It  is  of  import- 
ance to  distinguish  between  those  molecular  movements  which  are  caused  by  iignry  and 
pressure,  and  those  which  depend  on  processes  going  on  in  the  interior  of  the  Uviag 
plant  My  experiments  are  by  no  means  complete;  but  they  lead  at  present  to  the 
adoption  of  Schultz*s  opinion  relative  to  the  existence  of  the  cydosis." — <<Mannilo( 
Botany,"  1849. 


roECis  pRODUciiro  moyembnt  or  NrrTBiTiYE  iluid. 


23T 


Inrj  eireulation  in  Animals,  makes  it  a  point  of  peculiar  iaterest  and  import- 
ancc  to  determine  the  aatnre  and  source  of  the  forces  by  which  the  fonner 
is  gu^staincd.  It  is  quite  olwious  that  the  movement  cannot  be  due  to  any 
mi  d  t^rffo  ;  both  because  it  is  far  from  being  constant  in  its  direction  in 
particular  Tesecls,  and  because  there  18  no  organ  to  supply  a  propelling 
force,  which  could  extend  itself  through  such  a  complex  system  of  anasto- 
mosing canals.  Nor,  again,  can  we  attribute  it  to  any  w  d  fronts,  like 
that  which  takis  part  in  producing  the  o.scending  current  from  the  roots 
towards  the  leares.  It  is  certain,  too,  that  no  such  contraction  of  the  lati- 
eiferons  vessels  themselve.^  takes  place,  as  could  be  effectual  in  propelling 
the  fluid  throngh  them.  Further,  the  movement  continues  for  some  time 
in  purts  that  have  been  completely  detached  from  the  rest^  and  on  which 
neither  ms  d  tergo  nor  rii  ^  fronte  can  have  any  inflnence.  On  the  otlieF 
hand,  the  facts  stated  in  the  preceding  paragraph  all  indicate  that,  like  the 
"  rotalion"  within  the  individnal  cells  of  Plants  (Chap.  YIIL),  the  move- 
inent  of  fluid  within  the  laticiferons  Tessels  (whateyer  may  be  its  purpose 
in  the  vegetable  economy)  is  intimately  connected  with  the  formative  ope- 
nations  of  the  part,  and  is  dependent  upon  forces  which  arise  out  of  these, 
Thi?  manner  in  which  they  become  so,  is  the  next  object  of  our  iiuiuiryf 
and  on  this  subject,  some  views  have  been  put  forth  by  Prof  Draper/ 
which  seem  to  help  towards  an  exi>lanation  of  the  phenomena. 

205.  It  h  capable  of  being  shown,  by  experiments  on  inorganic  bodies, 
that,  if  two  liquids  communicate  with  each  other  through  a  eapiUar)'^  tube, 
for  the  wallt?  of  which  they  both  have  an  affinity,  this  affinity  being  stronger 
in  the  one  liquid  than  in  the  other,  a  movement  will  ensue ;  the  liquid  which 
has  the  greatest  affinity  being  absorbed  most  energetically  into  the  tube, 
and  driving  the  oilier  before  it.  The  same  result  ocenra  when  the  flaid  is 
drawn,  not  into  a  single  tube,  bat  into  a  network  of  tubes  permeating  a 
solid  atmctnre  ;  for  if  this  porous  structure  be  previously  satnroted  with  the 
fluid  for  which  it  baa  the  less  degree  of  attraction,  this  will  be  driven  out 
and  replaced  by  that  for  which  it  baa  the  greater  affinity,  when  it  is  per- 
mitted to  absorb  this.  Now  if,  in  its  paasage  through  the  porous  solid,  the 
liquid  undergo  such  a  change  that  its  affinity  be  diminiBhed,  it  is  obviotts 
that,  according  to  the  principle  just  explained,  it  must  be  driven  out  by  a 
fresh  supply  of  the  original  liquid,  and  that  thus  a  continual  movement  in 
the  same  direction  would  be  produced. — Now  X\m  is  precisely  what  seems 
to  take  place  in  an  organized  tissue  that  is  permeated  by  a  fluid,  between 
wiiCMe  particles,  and  those  of  the  tissue  which  it  penetrates,  affinities  exist, 
wbieh  are  eoncemed  in  the  formative  changes  that  take  place  during  its 
eirculation.  For  these  affinities  are  continually  being  newly  developed  by 
acts  of  growth,  as  fast  as  those  which  previously  existed  are  satisfied  or 
neutralized  by  the  changes  that  have  already  occurred  ;  and  thus  in  the  cir- 
culation of  the  nutritive  fluid,  there  is  a  constant  attraetion  of  its  particles 
towartls  the  walls  of  the  vessels,  and  a  continual  series  of  changes  pro- 
duced in  the  6uid  as  the  result  of  that  attraction.  The  fluid,  which  has 
given  ap  to  a  certain  tissue  some  of  its  materials,  no  longer  has  the  same 
attraction  finr  that  tissue;  and  it  is  consequently  driven  from  it  by  the 
superior  attroijtion  then  possessed  by  the  tissue  for  another  portion  of  the 
fluid,  w*hicb  is  ready  to  undergo  the  same  changes,  to  be  in  its  turn  rejected 
Jmf  a  fresh  supply.  Thus  in  a  growing  part,  there  must  be  a  constantly 
^^  wed  attmctioo  for  that  portion  of  the  nutritive  fluid  which  has  not  yet 

»  "On  Uie  Forc«5  which  produce  the  Organiuilioii  of  Plants,**  by  John  WiQiftm 
,  M.  D.,  New  York,  1844  j  pp.  m,  ei  feg. 
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traversed  it ;  whilst,  on  the  other  hand,  there  is  a  diminished  attraction  for 
that  which  has  yielded  np  the  nutritive  materials  required  by  the  particular 
tissues  of  the  part ;  and  thus  the  former  is  continually  driving  the  latter 
before  it.  But  the  fluid  which  is  thus  repelled  from  one  part,  may  still  be 
attracted  towards  another,  because  that  portion  of  its  contents,  which  the 
latter  requires,  may  not  yet  have  been  removed  from  it ;  and  in  this  manner 
the  current  may  be  maintained  through  the  whole  capillarv  network,  until 
the  liquid  has  been  entirely  taken  up  by  the  tissues  whiA  it  permeates. 
The  source  of  the  movement  being  thus  attributable  to  the  formative  ac- 
tions to  which  it  is  subservient,  it  is  obvious  that  it  must  be  affected  by 
any  external  agencies  which  quicken  or  retard  these ;  and  it  is  thus  that 
the  influence  of  heat,  cold,  and  electricity  upon  the  rate  of  the  flow  seem 
most  readily  explicable. — These  principles  will  be  hereafter  shown  to  have 
a  most  definite  application  to  the  phenomena  of  the  "  capillary  drcalatton" 
in  Animals  (§  251). 

206.  The  development  of  the  Circulating  system  during  the  growth  of 
Vascular  Plants,  has  not  yet  been  made  an  object  of  special  attention;  the 
general  facts  with  which  we  are  acquainted,  however,  correspond  enctly 
with  the  principles  which  have  been  previously  stated. — ^As  the  Absorp- 
tion of  nutriment  by  the  embryo  within  the  ovule  appears  to  take  place 
through  the  whole  surface,  there  is  no  transmission  of  fluid  from  one  por- 
tion to  another ;  nor  do  we  find  even  at  the  period  of  the  ripening  of  the 
seed,  any  distinct  vascular  structure.  As  far  as  its  circulating  ayatem  is 
concerned,  therefore,  the  young  plant,  at  the  commencement  of  germina- 
tion, is  on  a  level  with  the  simpler  cellular  tribes.  During  the  rapid  longi- 
tudinal development,  however,  which  then  takes  place  in  the  stem  and  root, 
there  is  of  course  a  peculiar  transmission  of  fluids  in  tfiose  directions ;  and 
this  appears  to  be  at  first  performed,  as  in  the  stem  of  the  Fungi,  by  elon- 
gated cells  and  intercellular  passages.  It  is  not  until  the  tme  leaves  are 
expanded,  that  we  find  true  ducts  in  the  stem,  formed  by  the  coalescence 
of  linear  scries  of  cells,^  mostly  containing  spiral  fibres  or  some  other 
secondary  growth  in  their  interior ;  and  it  is  very  interesting  to  remark, 
that  these  ducts  in  young  plants  often  present  the  appearance  which  Is 
characteristic  of  the  Ferns,  having  the  spiral  fibre  more  or  less  regnlarlj 
disposed  within  them  (Figs.  109,  i,  2) ;  whilst,  after  the  stem  has  ceased  to 
increase  rapidly  in  length,  these  canals  are  converted  into  dotted  dodi 
(Figs.  109,  3).  The  anastomosing  vessels  of  the  latex  in  like  manner  origi- 
nnte  from  cells  of  less  regular  form,  which  open  into  one  another  at  sevenl 
points,  and  not,  as  in  the  formation  of  ducts,  by  their  extremities  alone. 
This  change  is  represented  in  progress  in  Fig.  110,  a. 

3.   Circulation  in  Animals, 

207.  In  following  the  evolution  of  the  Circulating  system  through  the 
Animal  scale,  it  will  be  easy  to  discover  its  conformity  to  the  same  genenl 
])lan,  as  that  which  has  just  been  traced  out  in  the  Vegetable  kingdom,  b 
proportion  as  the  power  of  absorbing  aliment  is  restricted  to  one  part  of 
the  surface,  whether  external  or  internal,  does  it  become  necessary  tint 
means  should  be  provided  for  conveying  the  nutritive  fluid  to  distant  organi; 

>  Thia  Tiew  of  the  mode  in  which  the  dacts  of  Plants  are  formed,  based  on  a  eoB- 
parison  of  the  various  forms  which  they  present,  has  been  confirmed  by  the  reeat 
obsertations  of  Dr.  Uobson  on  the  history  of  their  development  ("Ann.  of  Nil 
Hist."  vol.  xi.  p.  72.) 
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not  merely  that  it  may  furnish  the  supplies  which  they  are  constflntly  re- 
qniring  for  the  maintenance  of  their  respectiTe  gtrnctures,  and  for  the  mani- 
festntion  of  their  rital  properties;  but  also  that  it  may  itself  undergo  cer- 
tain changes,  which  are  essential  to  the  continuance  of  its  characteristic 
qualities.  Kot  only  does  the  Circulation  of  fluid  through  the  system  enable 
the  n^w  materials  to  be  deposited  in  their  appropriate  situations,  but  it  also 
takes  up  and  rcraOTCS  the  particles,  which,  having  manifested  a  tendency  to 
decomposition,  are  no  longer  fit  for  the  offices  which  they  prcTiously  con- 
tributed to  perform ;  so  that,  by  the  Tarious  processes  of  elimination,  these 
may  be  se^parated  from  the  general  mass,  and  be  either  appropriated  to  some 
other  purpose  in  the  economy,  or  be  altogether  carried  out  of  the  stnicture. 
The  excretion  of  carbonic  acid  by  the  Kespiratory  apparatus  is  one  of  the 
most  considerable  and  important  of  these  processes ;  and  it  will  bo  found 
that  the  distribution  of  the  Circulating  system  has  always  an  express  rela- 
tion to  the  condition  under  which  this  is  performed.  In  fact,  so  peculiar  is 
this  adaptation  in  the  higher  Animals,  that  many  have  considered  the  san- 
guiferous system  under  two  heads — that  belonging  to  the  general  circula- 
tion of  nutritious  fluid  through  the  body — and  that  which  performs  the  reMpi- 
raior^  circulation,  conyeying  the  blood,  which  has  been  rendered  impure  by 
the  changes  it  has  preyiously  undergone,  to  the  organs  where  its  physical 
and  Vita]  properties  are  to  be  renewed  by  contact  with  the  air.  Respira- 
tion differs  not  in  kindj  however,  from  the  other  functions  of  purification, 
but  only  in  its  relative  importance ;  and  although  in  warm-blooded  Yerte- 
brata,  whose  nervo-muscular  energy  can  only  be  maintained  in  full  vigor  by 
a  constant  supply  of  oxygenated  blood,  its  cessation  even  for  a  short  time 
is  ffttal»  there  are  many  amongst  the  lower  classes  in  which  it  can  be  sus- 
peilded  for  a  considenible  period  with  impunity,  and  in  which  the  increased 
aiQCmiit  of  other  secretions  appears  to  counterbalance  tlie  diminution  in  its 
products.  We  find  too,  even  in  the  highest  Vertcbrata,  peculiar  modifica- 
tions of  the  circulating  apparatus  in  connection  with  other  secreting  organs, 
as  the  Liver  in  Mammalia,  and  the  Kidneys  in  Birds;  and  yet  more  remark- 
able modifications  of  the  satne  nature  arc  elsewhere  found :  so  that  it  should 
rather  be  stated  as  a  general  fact,  that,  in  proi)ortiou  to  the  variety  of  the 
organs,  and  the  importance  of  the  functions  they  perform,  is  the  special 
adaptation  of  the  Circulating  apparatus  which  supplies  them — than  that  it 
ofidgrgoes  modification  accordmg  to  the  conditions  of  the  respiratory  bjb- 
tem  alone,  as  Cuvier  maintained.  In  proportion  as  the  function  of  Ab- 
inrption  is  restricted  to  one  part  of  the  surface,  that  of  respiration  will  be 
Itmited  to  another;  and  the  processes  of  Xutrition,  and  the  formation  of 
St*cretions,  will  go  on  in  parts  of  the  structure  distant  from  both ;  and  all 
these  must  be  brought  into  harmony  by  the  Circulating  system,  the  arrange- 
ment of  which  w^ill  evidently  vary  from  the  most  simple  to  the  most  compli- 
cated form^  according  to  the  number  and  variety  of  the  actions  to  which  it 
i*  gnbfier^ient,  and  the  vigor  with  which  these  are  performed, 

208.  Still,  in  moBt  of  those  animals  whose  Nervo- Muscular  energy  is  the 
greatest,  the  arrangement  of  the  Circulating  apparatus,  and  the  rate  of  the 
movement  of  blood  through  it,  appear  to  have  special  reference  to  the  de- 
mand for  oxygen  created  in  the  discharge  of  the  Animal  functions,  and  to 
the  necesiity  for  the  removal  of  the  carbonic  acid  generated  in  the  same 
processes ;  whilst  there  is  evidence  that  the  organic  operations  of  growth 
a^  davelopmeut  might  be  carried  on  by  means  of  a  much  leas  rapid  flow, 
md  by  a  less  perfectly  oxygenated  blood.  A  remarkable  example  of  this 
prbetple  is  presented  by  the  condition  of  the  Circulation  in  the  class  of  In- 
•icts,  m  which  the  activity  of  the  animal  functions  is  relatively  greater  than 
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in  any  other  group ;  for  we  find  that  the  movement  of  their  natritive  fluid, 
which  is  subsenrient  in  them  to  nutrition  alone,  is  comparatiYelj  slow  and 
feeble  (§  224),  the  very  active  aeration  of  their  nervo-muscular  apparatus 
being  accomplished,  not  so  much  by  the  medium  of  their  blood,  as  by  the 
penetration  of  air-tubes  into  the  tissues  themselves  (§  302). 

209.  The  Circulating  apparatus  of  Animals,  at  least  where  it  is  distinctly 
developed,  differs  in  one  important  particular  from  that  of  Plants.  We 
have  seen  that,  in  the  latter,  the  sap  which  has  been  elaborated  in  the  leaves 
is  dispersed  through  the  fabric,  giving  up  its  nutritive  constituents  to  the 
parts  to  which  it  finds  its  way  (§  202) ;  and  if  any  of  it  mixes  with  the 
ascending  current,  and  circulates  a  second  time  through  the  system,  the 
amount  of  this  is  comparatively  small.  In  the  higher  Animals,  on  the  con- 
trary, we  observe  that  the  same  fluid  is  repeatedly  transmitted  through  the 
body ;  the  alterations  which  are  effected  in  one  part  of  its  course  by  the 
withdrawal  of  materials  for  particular  processes  of  Nutrition,  being  counter- 
balanced in  others  by  nutritive  operations  of  some  different  kind  (see  Chi^. 
YIII.),  as  likewise  by  those  of  Respiration  and  Secretion,  and  by  the  con- 
tinual admixture  of  new  alimentary  materials. 

210.  In  all  the  higher  forms  of  the  Circulating  apparatus,  again,  we  find 
a  central  organ  of  impulsion,  the  Heart,  into  which  the  fluid  returned  firom 
the  various  parts  of  the  body  is  poured,  and  on  whose  contractile  force  the 
maintenance  of  the  current  chiefly  depends.  From  this  it  passes  out  bj 
one  or  more  large  trunks,  which  convey  it  to  the  several  organs  and  tissues; 
these  are  called  Arteries.  The  arteries  gradually  subdivide  into  ramifying 
vessels,  which,  repeatedly  undergoing  the  same  change  (Fig.  Ill),  termi- 
nate in  a  complex  system  of  atiastomonng  (interconununicating)  tubes,  d 

Fig.  111. 


Web  of  Frftg*§  foot  ttretohing  between  two  toes,  niAgnlfied  3  diameters ;  showing  the  Ht^ 
TOssel«,  and  their  anastomoses:  1, 1,  Teins;  2, 2, 2,  arteries. 

nearly  uniform  size,  which  are  termed  Capillaries,  It  is  in  these  only,  tW 
the  blood  comes  into  sufficiently  intimate  relation  with  the  tissues  wld(A  i^ 
supports,  or  by  which  secretions  are  elaborated  from  it,  for  the  perfoimsaee 
of  chemical  or  vital  reactions  between  them ;  so  that  we  may  consider  tbe 


fimetloE  of  the  arteries  to  be  the  simple  conrejanee  of  tlie  natritire  fluid 
from  the  central  organ  of  impnlsion  to  this  network  of  capillaries,  which 
exists  in  most  of  the  living  tissues  of  the  body,  and  in  near  proximity  to 
the  reraaincior.  Even  the  walls  of  these  tranks  are  furnished  with  a  distinct 
set  of  bratiches  (the  vasa  t?asorum),  proceeding:  from  neighboring  Tessels, 
for  their  own  nntrition.  After  tniTersmg  the  capillaries,  the  blood  is  re- 
ceived into  another  scries  of  vessels,  formed  by  their  rctinion,  which  are 
termed  Vein^;  and  these,  gradually  coalescing  into  larger  tranks,  return  it 
to  the  central  reservoir. — The  wmlls  of  tJie  Arteries  and  Yeins  are  formed 
of  several  layers  of  tiasae,  which,  however,  constitute  three  principal ''  coats,'' 
The  inner  coat  is  a  pellucid  structnrekss  membrane,  continuous  both  with 
that  which  lines  the  heart,  and  with  that  which  forms  the  sole  bouadary  of 
the  capillaries;  and  this  is  covered  on  it^  free  or  internal  surface  by  a  luycr 
of  epithelial  cells.  The  outer  coat  is  simply  protective,  and  is  formed  of 
condensed  areolar  tissue.  The  middle  or  **  fibrous-*  coat,  however,  which 
Ib  mnch  thicker  in  the  arteries  than  in  the  veins,  is  partly  composed  of  yel- 
low elastic  tissue ;  and  x^artly  of  non-striated  muscular  fibre.  By  the  agency 
of  the  former,  ivhich  is  especially  abundant  iu  the  larger  arteries  that  re- 
ceive the  blood  direct  from  the  heart,  the  intermitting  jet.^  in  which  the  fluid 
k  at  first  proi>elled  by  its  contractions,  are  gradually  converted  into  a  con- 
tinuous stream.  The  latter,  on  the  other  hand,  is  more  abundant  in  the 
smaller  artorie*^,  and  appears  to  supply  a  propulsive  force  in  some  degree 
ceioplenieiitary  to  that  of  the  heart;  bnt  its  main  purpose  seems  to  be,  to 
regulate  the  diameter  of  the  vessels,  in  doing  which  it  is  prolmbly  influenced 
b  some  de^Tce  by  the  Sympathetic  Fystem  of  nerves  that  is  minutely  dis- 
tributed upon  it.  Of  rapid  alterations  in  their  diameter,  which,  being 
emotional  in  their  source,  can  be  only  referred  to  the  instmmcntality  of  the 
nervous  system,  we  have  a  characteristic  exaraide  in  the  act  of  **  blushing,'^ — 
The  capiUary  vessels,  too,  in  the  higher  aniraalSj  possess  a  distinct  wall, 
which  IB  continuous  with  the  lining  membrane  of  the  larger  vessels;  and 
they  are  thus  to  be  considered  in  a  different  light  from  that  of  a  mere  sys- 
tem of  passages  ejccavated  in  the  substance  of  the  tissues. 

21 L  The  trunks  and  branches  of  the  Bloodvessels  appear  to  be  formed, 
in  the  first  instance,  like  the  ducts  of  Plants  (g  206),  by  the  coalescence  of 

Jls  arranged  in  linear  series;  those  of  moderate  size  taking  their  origin  in 
2rle  or  double  files  of  such  cells,  whose  coalesced  walls  form  the  primilive 

i|de  membranous  tubes  of  these  vessels  ;  whilst  the  principal  tiimks,  like 
the  heart  (§  248),  arc  formed  out  of  aggregations  of  cells,  of  which  those 
in  the  interior  licpiefy  to  form  the  cavity,  whilst  those  on  the  periphery  are 
metamorphosed  into  the  fdirous  and  other  tissues  of  which  their  more  sub- 
stantial walls  are  composed.  The  first  Capillary  network,  however,  seems 
to  be  formed  hy  the  coalescence  of  prolongations  of  stellate  cells  (Fig.  121), 
which  come  into  contact  either  with  the  walls  of  vessels  already  exis*ting,  or 
with  each  other;  and  when  their  cavities  have  become  continuous  with  those 
of  vessels  previously  traversed  by  blood,  they  too  begin  to  receive  that  fluid, 
thcfi  enlarge,  and  at  last  fonu  a  regular  network  of  tubes — their  cellular 
origui,  however^  being  still  indicated  by  the  presence  of  nuclei  in  their 
walis.*  The  subsequent  development  of  capillaries,  on  the  other  hand,  usu- 
ally takes  place  by  outgi*owth  from  the  vessels  previously  formed ;  in  the 
mode  thus  described  by  Mr.  Paget."    *'  Suppose  a  line  or  arch  of  capillary 


*  FU?^  the  obserrationB  of  Prof.  EoUiker  **Siif  le  d^veloppement  d^g  Tisffos  chcz  let 
B»tn^cieD»/'  in  **  Ann*  dei  ScL  Nat.,"  8*  Bi^r.,  ZooIm  torn.  vL, 

*  *'Lecturts  Qn  Surgical  Pathology/*  pago  146. — Am.  £il 

~"        16 


242 


OF  THE  OIBOULATION  OF  NUTBITIVX  FLUID. 


Tessel,  passing  below  the  edge  or  surface  of  a  part  to  which  new  material 

has  been  superadded.     The  vessel  will 
Fig.  112.  at  first  present  a  slight  dilatation  in  one, 

and  coincidently,  or  shortly  after,  in  an- 
other point,  as  if  its  wall  yielded  a 
little,  near  the  edge  or  snr^EMce.  The 
slight  pouches  thus  formed  gradually 
extend,  as  blind  canals  or  diyertieula, 
from  the  original  vessels,  still  direc&g 
their  course  towards  the  edge  or  surfoce 
of  the  new  material,  and  crowded  with 
blood-corpuscles,  which  are  poebed  into 
them  Arom  the  main  stream.  Still  ex- 
tending, they  converge,  then  meet ;  the 
partition-wall  that  is  at  first  formed  by 
the  meeting  of  theur  closed  ends,  clears 
away ;  and  a  perfect  arched  tabe  is 
formed,  through  which  the  blood,  cfi- 
verging  from  the  main  or  former  stream, 
and  then  rejoining  it,  may  be  continu- 
ously propelled." — ^This  last  process  may 
be  seen  in  the  growing  parts  of  the  taU 
of  the  Tadpole,  in  the  development  of 
the  filamentous  gills  and  of  the  legs  of 
the  Water-Newt,  in  the  first  evolution 
of  the  extremities  of  the  embryos  of 
higher  animals,  and  in  the  formation  of 
new  structures  in  the  ful^-developed 
organism,  either  for  the  repair  of  iiguiies, 
or  as  the  result  of  morbid  processes,  b 
some  instances  it  would  appear  thai  the 
wall  of  the  newly-forming  vessel  gins 

Formation  of  Ca^.7Jne.  in  Uil  of  Tad.    ^^^^  ^J"^  t^*.^^«  blood-COrpUSCleS  «- 

pole:  a, a,  c»piiiariei  permeable  to  blood;  Cape  from  it  mto  the  parenchyma,  at 
b,  b,  fat-granules  attached  to  the  waiit  of  first  Collecting  in  an  undefined  mass,  bat 
the  veweis.  and  concealing  the  nuclei ;  c,    g^oQ  manifesting  a  definite  direction,  and 

hollow  prolongation  of  a  oapiUarj  ending  .  .  ^  ®  x-  -^i.  \.t^ 
in  a  point  J  d,  a  branching  cell,  with  nu-  COming  into  COUUectlOn  With  anothOT 
oleus  and  fat-granules,  communicating  by  portion  of  the  arch  or  with  SOme  ad- 
three  branches  with  capillaries  already  jacent  vessel.  Thus,  then,acAafWMtaiid 
formed :  e,  blood-corpuscles,  still  contain-  •'.  ?•*  j  j»x»  i_  idl- 
ing granides  of  fat  ^  not  a  vessel  IS  formed ;  and  it  is  probamf 

in  this  way  that  those  passages  are  ex- 
cavated, which  take  the  place  of  distinct  vessels  in  many  of  the  lower  tribei 
of  animals. 

212.  The  foregoing  description,  however,  is  by  no  means  applicable  to 
the  entire  Animal  kingdom ;  for  in  many  of  the  simpler  tribes,  there  is  no 
circulation  of  a  proper  nutritive  fluid ;  and  in  many  others,  Ae  vasealtf 
system  is  far  from  possessing  the  completeness  of  organixation  whieh  ft 
exhibits  in  the  higher  groups.  An  entire  deficiency  of  any  special  provi- 
sion for  this  purpose,  is  seen  alike  in  such  among  the  lower  tribes  of  Aniniii 
as  possess  no  digestive  cavity,  and  in  such  as  have  the  digestive  cavity  or 
its  prolongations  extending  through  their  whole  fabric.  To  the  first  categoiy 
belong  the  Cestoid  Entozoa  (§  138),  which  derive  the  whole  of  their  aliment 
by  imbibition  of  the  juices  of  the  animal  they  infest,  through  the  soft  intepa- 
ment  with  which  their  bodies  are'  everywhere  covered.    Notwithstanding 


OABSi  or  BEFJCIEKCT  OF  ClfiCVLATlNa  APFAEATUS. 

the  Bpecialked  condition  of  some  parts  of  their  organimtion,  thereforB,  thejr 
are  on  tlie  level  of  the  Algw  m  regards  tha  general  diffusion  of  the  power 
of  absorption ;  and  there  Is  consequently  no  occasion  for  any  circulation  of 
nutrient  fluid  through  their  bodies.  In  the  second  category,  we  fuid  the 
Trtmnioth  Entoxoa/  and  the  classes  of  Znopht^ies  and  Ai-ttlephw  among  the 
Eadiata;  for,  as  aJready  shown  (§§  151 — 15^),  the  digestive  cavity  of  these 
animals  is  either  itself  in  such  immediate  Telatioii  to  their  tissues,  that  tliey 
can  supply  themselves  directly  by  imbibition  with  the  alimentary  materials 
which  it  has  prepared  j  or  it  so  eo  m  muni  eat  cs  with  the  visceral  cavity,  that 
these  materials  find  their  way  through  the  latter  to  the  parts  aot  iuimme* 
diate  contact  with  it;  or,  again,  a  system  of  laeunse  or  of  channels  is  pro- 
longed, either  from  the  digestive  or  from  the  visceral  sac,  into  parts  which 
are  far  removed  from  the  principal  cavity  of  either. 

213.  The  simplest  provision  for  a  proper  Cirenlation  of  nutritive  flnid, 
consists  in  the  complete  separation  of  the  Digestive  cavity  from  the  **  general 
cavity  of  the  body;"  the  immediate  products  of  the  digestive  operation  beiog 
limited  to  the  former;  whilst  the  latter  is  tilled  with  a  "  cliyl aqueous  fluid" 
(§  40,  note),  the  materials  of  which  have  transuded  into  it  through  the  walls 
of  the  alimentary  sac  or  tube  which  it  surrounds.  This  fluid  resembles  the 
chyle  of  Yertebrata,  rather  than  their  bloody  in  the  low  proportion  of  its 
organic  to  its  aqueous  components,  iu  its  itaperfect  coagulating  power,  in 
the  absence  of  coloring  matter,  and  in  the  nature  of  the  floating  corpuscles 
which  it  contains*  In  the  simpler  forms  both  of  Articulated  and  of  Mol- 
luscous animals,  we  find  the  flux  and  reflux  of  this  chylaqueous  fluid  in  the 
general  cavity  of  the  body — maintained  by  no  special  provision,  but  due 
only  to  juovementa  that  are  related  immediately  to  some  other  purpose — 
constituting  the  only  provision  for  supplying  the  organs  generally  with 
BtJtriment,  and  for  keeping  the  nutritious  fluid  itself  in  the  requisite  state  of 
aeration.  This  is  the  ease,  for  exanq>le,  with  the  Rutifera  and  Bryoxoa^ 
which,  in  this  respect,  are  upon  the  same  grade  of  development ;  it  is  the 
CftSe,  too,  with  the  small  tribe  of  P^enoffonidiB  (|  231),  even  in  their  perma- 
neat  condition  ;  and  it  seems  to  be  true  also  of  the  larval  condition  of  certain 
MyriapodB  and  Insects,  The  group  of  Neviatoid  Entozoa,  too,  in  which  the 
intestiual  canal  lies  freely  in  the  midst  of  the  visceral  cavity  (Fig.  52),  seems 
to  nink  in  Uie  same  category,  together  with  a  group  of  inferior  worm-like 
aiiiatals  of  similar  orgatUEation,  which  inhabit  fresh  waters  and  seas;  for 
although  tJicy  have  a  system  of  vessels  which  has  been  regarded  as  sanguifer- 
ous, it  is  almost  certain  that  these  vessels  belong  to  the  same  category  with 
those  of  the  other  Entozoa,  and  that  whatever  circulation  of  nutritive  fluid 
may  take  place  iu  their  bodies,  it  is  restricted  to  the  visceral  cavity,  with 
which  the  tissues  generally  are  in  immediate  contact. 

2U.  As  we  ascend  from  the  lower  Mollusea  and  Articnlata  towards  the 
higher  members  of  each  sub-kingdom,  we  find  that  the  Circulating  system 
ii  gradually  developed  as  an  offset  (so  to  speak)  from  tlie  visceral  cavity, 
Tbia  is  seen  most  clearly  in  the  Tunicated  MollQsks,  w^hich^  whilst  very 

»  A  ftyitutu  of  vtsiilt^  i?rbich  hare  been  ^mi\\  UUoly  reputed  to  be  sAnguifermia,  does 
mderd  eiht  in  both  the  abuTc^nnmed  tribes  of  Eritozofi ;  but  it  seem?  novf  quite  certam 

«lt  these  vessels,  tofi^ethcr  with  the  trunk  a  whicli  in  the  Cestoides  bave  heen  regarded 
instituting  Qti  all  men  tar  J  cnnftl,  rcnlly  belong  to  the  **  wot^r-VAMulAr"  HyBtetn  df 
Wd.  What  10  tlic  nature  &f  ibcir  contents,  oad  wliat  is  the  purpose  of  the  move- 
ttent  which  i»  aecn  in  them,  is  stilt  far  from  boingr  cleflriy  known.  Bat  lis,  on  the 
irhole,  thia  syvtetn  of  Tesseb  appears  moat  to  resjemble  the  "  respiratory  tree"  of  the 
Rohjthiirida  {\  ^4),  it  wiU  W  described  in  conneetioa  with  Ifae  Itespirfttory  organa 
►  2S&J. 
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dosely  allied  to  the  Bryozoa,  are  superior  to  them  in  this  particular ;  for 
the  whole  sinus-system  through  which  the  blood  is  carried,  not  merely  to 
the  body  generally,  but  also  to  the  respiratory  organs,  is  but  a  prolongation 
of  this  cavity,  with  which  it  remains  in  the  freest  communication ;  and  the 
heart  is  but  a  portion  of  one  of  these  sinuses,  partially  or  completely  sur- 
rounded by  a  muscular  envelop.  This  state  has  its  parallel  among  the 
Articulata,  in  the  condition  of  the  circulating  system  of  many  Insect-larvs, 
as  also  in  that  of  many  Entomostraceous  Crustaceans,  and  perhaps  in  some 
of  the  lower  forms  of  Arachnida.  Proceeding  higher,  however,  we  find  the 
heart  becoming  more  and  more  muscular,  and  the  arteries  that  proceed  from 
it  acquiring  distinct  parietes;  the  blood  which  has  been  distributed  by  these, 
however,  becomes  dispersed  through  the  lacunsa  between  the  tissues  and 
organs ;  and  before  returning  to  the  heart,  it  passes  into  the  visceral  cavity, 
which  may  itself  be  so  contracted,  as  to  present  the  semblance  of  a  laige 
venous  sinus.  Throughout  the  Invertebrated  series,  with  two  exceptions 
which  are  perhaps  rather  apparent  than  real,  we  may  trace  this  connection 
of  the  Circulating  system  with  the  "general  cavity  of  the  body;"  and  it  is 
only  among  the  Vertebrata  (with  these  exceptions)  that  we  find  the  sangui- 
ferous system  forming  a  completely  closed  current.  The  only  trace  that  seems 
to  remain  in  that  series,  of  the  lacunar  circulation  so  nnivenud  in  the  inferior 
classes,  is  at  the  commencement  of  the  Lymphatic  system  of  Absorbents; 
which  seem  to  take  up,  for  return  into  the  circulating  current,  the  surplus 
of  such  nutritious  fluid  as  may  have  escaped  from  the  capiUaries  into  the 
interstices  of  the  tissues  (§  192).* 

215.  The  only  class  among  the  Badiata  in  which  a  proper  Circulation 
of  nutrient  fluid  takes  place,  is  that  of  Echinodermata  /  but  the  true  nature 
of  this  circulation  is  far  from  being  entirely  understood.  It  seems  unques- 
tionable, from  the  recent  investigations  of  M.  de  Quatrefages  (op.  «/.), 
and  Dr.  T.  Williams  {op,  cit),  that  a  very  important,  if  not  the  principal 
part,  in  the  distribution  of  the  nutritive  materials  that  have  transuded 
through  the  walls  of  the  digestive  cavity,  is  here  performed  by  the  move- 
ment of  the  "  chylaqueous  fluid,"  which  is  the  product  of  that  transudation, 
through  the  "general  cavity  of  the  body;"  this  movement  being  kept  up 
by  the  vibration  of  the  cilia  which  clothe  its  lining  membrane.  And  it  is 
further  remarkable  that  the  principal  provisions  for  aeration  which  we  meet 
with  in  this  class,  are  applied  to  the  "chylaqueous  fluid"  of  the  genenl 
cavity,  rather  than  to  the  fluid  (blood  ?)  contained  within  the  more  special 
vascular  system  (§  284). — The  existence  of  a  system  of  vessels  apparentif 
sanguiferous,  in  some  of  the  principal  types  of  the  group,  has  long  been 
known ;  but  many  points  relating  to  its  minute  distribution,  as  well  as  in 
regard  to  its  functions,  yet  remain  to  be  elucidated.  In  particular,  it  is  a 
point  of  great  interest  to  determine  whether  or  not  it  communicates  in  any 
part  of  its  course  with  the  "  general  cavity  of  the  body,"  as  the  analogy  <» 
Invertebrated  animals  generally  would  lead  us  to  expect,  if  its  function  be 
really  the  circulation  of  nutritive  fluid ;  for  it  can  hardly  be  thought  probft* 
ble,  that,  even  in  the  most  elevated  forms  of  the  Radiated  sub-kingdom,  the 
special  circulating  apparatus  (which  is  not  found  to  exist  in  any  group  of 
animals  below  them)  should  at  once  attain  a  character  of  the  highest  eleva- 
tion, in  such  a  complete  "closure"  as  is  not  presented  even  by  themort 

I  See  the  admirnble  Memoir  of  Prof.  Milne-Edwards,  **  Observations  but  la  Ciroolt* 
Uon,"  in  "Ann.  des  Sci.  Nat.,"  8»  S^r,  Zool.,  torn.  iii. ;  that  of  M.  de  Qoatrefi^ei 
"  Sur  la  Cavity  G^n^rale  du  Corps  des  Invert^brds,"  op.  «7.,  torn.  xiv. ;  and  that  rf 
Dr.  T.  Williams  "  On  the  Blood-proper  and  Chylaqueous  Fluid  of  Invertebrated  Ani- 
mals," in  "Philos.  Transact."  1852. 
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Mollusea  or  Arlicolata.  The  recent  obserretioiis  of  Miiller  aiul 
Bg  appear  to  sliow  tlmt  such  commimications  do  exist ;  bik]  t!ie  ob- 
servatiotis  of  Dr.  T.  Wiiriams  upon  the  identity,  alike  chemical  and  moqfiho- 
logical,  between  the  chylaqueoiLs  fluid  and  the  contents  of  the  rascvdar  sys- 
tem, are  to  the  same  purpose.  If,  too,  as  its  oleo  affirmed  by  l>r,  T.  Wil- 
liatDs,  the  vascular  trunks  are  lined  with  cilia^  and  their  contahied  fluid  is 
propelled  by  ciliary  agency,  a  very  strong  case  will  be  undoubtedly  amde 
out  in  favor  of  the  doetrine,  that  the  vaseolar  system  which  has  been  sup- 
posed to  be  **  closed''  in  this  class,  is  either  a  diverticulum  from  tlie  general 
cavity  of  tho  body,  as  in  other  Invertebrata,  or,  like  the  supposed  Kangui- 
ferons  pystem  of  Annelida  (§  219),  is  a  peculiar  form  of  the  Water-vascular 
sptem. — Both  as  to  the  arrangement  of  this  system,  and  as  to  its  degree  of 
development,  a  coueiderablc  differeace  seems  to  exist  among  tlie  principal 
sections  of  the  cla.^a. 

216,  In  the  A$ienas,  in  which  the  digestive  cavity  is  prolonged  into  the 
"rays''  or  lobes  of  the  body  (Fig,  31),  a  "mesenteric'"  trunk  Is  fan  ml  lying 
on  the  surface  of  each  of  the  radial  mvm  ;  and  the  several  trunks,  converg- 
ing from  the  rays  to  the  central  dhk^  uaite  with  other  lirancbes  from  the 
etomach,  to  form  a  circle  or  vascnlar  ring  aronnd  the  upper  part  of  the 
disL  This  is  connected  with  a  sirailar  rin^  surrounding  the  entrance  to 
the  stomach  on  the  lower  surface,  by  means  of  a  vertical  descending  vessel, 
which  Tiedemanu  found  to  possess  muscular  initabiUty,  and  regarded  as 
the  rudiment  of  a  heart ;  whilst,  from  the  lower  ring,  other  vessels  proceed 
which  are  distributed  through  the  disk  and  rays.  Xo  capiUary  network, 
however,  nor  even  any  system  of  minute  ramiBcations,  has  yet  been  traced 
in  coutinnity  with  these  trunks.-^In  the  Echtrnts^  two  vascular  trunks  are 
foatifl  to  run  alonj^  the  intestine,  oae  of  which  is  supposed  to  be  venous,  the 
other  arterial.  The  supposed  mesenteric  vein  passes  towards  the  oral  ori- 
fice<  where  it  terminates  in  a  vascular  dug,  with  which  is  conncctccl  a  con- 
tractile vestcle,  resembling  that  of  Holothuria  {Fig.  40,  p),  but  of  more 
prolonged  form*  From  this  oral  ring  are  given  off  five  vessels  which  sup- 
ply the  parts  connected  with  tho  mouth,  five  trunks  which  \mm  along  the 
ambuUicral  regions  in  the  membrane  lining  the  general  cavity  of  the  body, 
and  another  trunk,  apparently  arterial,  which  runs  along  the  border  of  the 
intestinal  tube.  The  ambulacral  trunks  converge  again  towards  a  voscular 
ring  that  surrounds  the  anus ;  whence  also  are  given  off  trunks  for  the  supply 
of  the  ovaries, — -In  the  Hohthuria^  the  vascular  system  attains  a  far  higher 
degree  of  development ;  for  the  tniuks  subdivide  into  ramifications  of  greater 
minntenegs,  and  the  fluid  they  contain  is  therefore  more  extensively  distri- 
buted. The  same  general  plan  may  l>e  trace^,  as  in  the  preceding  cascB  \ 
but  with  variations  which  seem  to  have  reference  to  the  more  Bpccial  deve- 
lopment of  the  respiratory  apparatus  in  this  order,  as  well  as  to  its  transi- 
tional character.  The  iutcstinal  system  of  vessels  consists  of  a  long  trunk, 
doubled  on  itself,  which  passes  along  the  exlertmi  margin  of  the  intestine 
(Fig.  40,  r  e),  and  which  ramifies  minutely  upon  its  surface  j  its  two  inflex- 
ions being  directly  connected  by  the  anastomotic  branch  va.,  va.  The 
JtoiiJcations  of  this  trunk,  along  the  upper  part  of  the  intestine,  seem  to 
^tniinate  tbrectly  in  those  of  the  intenial  intestinal  vessel  vi;  l>ut  those  of 
the  middle  part  of  the  alimentary  canal  are  continuous  with  those  of  the 
mesenteric  trunk  vrn;  whilst  between  this  last  trunk  and  the  internal  intes- 
tinal  trunks  is  a  series  of  minute  plexuses  vr.  The  course  of  the  blood 
through  this  system  of  vessels  has  not  been  positively  determined ;  but  it 
wonhi  seem  probable  that  one  of  the  intestinal  trunks  is  veuuus  and  the 
other  arterial',  and  that  the  minute  distribution  of  the  bloodvessels  upon  the 
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walls  of  the  intestinal  canal  has  reference  to  the  introduction  of  fresh  nntri- 
tive  materials  into  the  sanguiferous  circulation ;  whilst  it  can  scarcely  be 
doubted  that  the  mesenteric  plexus  is  subservient  to  respiration,  though  it 
does  not  come  into  immediate  relation  with  the  "  respiratory  trees"  (§  284). 
Besides  this  system  of  vessels,  there  is  another,  consisting  of  an  annular 
trunk  (va),  which  surrounds  the  mouth  (as  in  Echinus),  and  sends  off 
branches  to  the  buccal  apparatus  and  to  the  tentacula  (t),  as  also  to  a  set 
of  integumentary  vessels  (vl,  vV),  which  supply  the  general  surface.  In  con- 
nection with  the  cesophageal  collar  is  found  a  saccular  dilatation  {p),  which 
seems  to  represent  the  pulsatile  vessel  of  the  Echinus ;  but  whether  it  pos- 
sesses a  similar  contractile  power,  is  not  known.  The  connection  of  this 
set  of  vessels  with  the  preceding  has  not  yet  been  made  out. 

217.  The  Articulated  classes  are  usually  regarded  as  inferior  to  the  Mol- 
lusca  in  the  evolution  of  their  circulating  apparatus ;  and  it  certainly  never 
presents  the  same  concentrated  condition  in  the  former  group,  as  in  the 
latter.  There  are  some  extensive  groups  in  this  sub-kingdom,  as  already 
remarked  (§  212),  in  which  there  does  not  appear  to  be  any  other  circula- 
tion than  such  as  may  take  place  in  the  ''general  cavity  of  the  bo.dy ;"  the 
fluid  in  its  lacunsa  being  continually  put  in  motion  by  the  movements  of  the 
animal,  and  being  thus  driven  from  one  part  of  the  body  into  another. 
Amongst  the  lowest  Articulated  animals  which  have  been  until  recently 
supposed  to  possess  a  proper  blood-vascular  system,  this  can  no  longer  be 
regarded  in  its  former  light ;  and  we  shall  see  that,  even  in  the  case  of  the 
Annelida,  a  considerable  modification  of  previous  views  may  not  improb- 
ably be  required.  When  a  Sanguiferous  system  unquestionably  exists,  it 
appears  to  be  constantly  formed  upon  the  following  plan.  A  vascalar 
trunk  passes  along  the  dorsal  region,  in  which  the  blood  passes  from  be- 
hind forwards,  being  propelled  by  the  contractions  of  its  walls;  this 
trunk,  in  its  typical  development,  is  divided  by  transverse  valvalar  paoli- 
tions  into  as  many  chambers  as  there  are  segments  of  the  body ;  and  bf 
the  successive  contractions  of  the  walls  of  these  chambers,  the  cireolatiiig 
fluid,  which  enters  at  the  posterior  extremity  of  this  "  dorsal  Tessel,"  or 
which  is  received  into  it  at  any  portion  of  its  length,  is  propelled  forwards 
through  a  principal  trunk  which  is  continuous  \^ith  its  anterior  eztremi^, 
as  well  as  through  smaller  vessels  proceeding  from  the  chambers  to  their 
own  segments.  This  arrangement,  however,  is  seldom  completely  carried 
out.  For  in  the  lowest  forms  of  this  "  dorsal  vessel,"  although  it  is  dis- 
tinctly contractile  through  its  whole  length,  there  is  no  division  into  cham- 
bers; whilst  in  the  highest,  a  considerable  portion  of  it  is  destitute  of  pro- 
pulsive power,  only  a  few  chambers,  or  even  but  a  single  one,  being  endowed 
with  muscular  contractility.  The  blood  propelled  forwards  and  Sstribnted 
by  the  dorsal  vessel,  is  collected  and  returned  to  the  posterior  part  of  the 
body  by  a  ventral  trunk. — As  in  most  other  parts  of  the  nutritive  appa- 
ratus of  this  group,  it  may  be  observed  that  a  very  exact  bi-lateral  symme- 
try prevails,  alike  in  the  central  organs,  and  in  the  peripheral  distributioii 
of  the  bloodvessels. 

218.  A  large  share  in  the  distribution  of  nutritive  materials  thronghtbe 
system  of  the  Annelida,  is  undoubtedly  taken  by  the  "  general  cavity  of  tike 
body;"  which  not  only  surrounds  the  alimentary  canal  throughout  its  whole 
length,  but  also  sends  prolongations  into  the  greater  number  of  the  append- 
ages that  arc  given  off,  as  well  from  the  head,  as  from  the  trunk.  The  fluid 
contained  in  this  cavity  is  richly  corpusculated  and  coagulable ;  and  it  is 
kept  in  continual  movement  by  the  contractions  and  extensions  of  the  dif- 
ferent segments  of  the  body,  which  most  of  these  animals  are  incessantly 
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performing-  The  Tisceral  portion  of  the  carity  is  gometimes  almost  com- 
pletely divided  by  transverse  inflections  of  its  lining  membrane,  into  eeg- 
meiital  chambers  j  but  these  alwayH  uominnnicate  with  each  other  more  or 
less  freely,  so  that  there  is  a  continnoua  passaj^e  for  their  contaioed  fluid 
ftom  one  part  of  tlie  body  to  another.  This  fluid,  when  eeen  in  motiou 
within  the  cirrhi  and  other  appcndajrcs  into  which  it  freely  passes,  has  been 
usnaUy  eon  side  red  m  blood;  bnt  it  is  obvionsly  to  be  regarded  in  the  same 
light  as  the  ^^chylaqneons  fluid"  of  inferior  animals;  yet  when  its  conipod- 
tion,  the  universality  of  its  diflfusion,  and  the  obvious  provisions  for  its 
aeration,  are  together  taken  into  acconat,  it  Beems  impossible  to  resist  the 
inference  that  it  is  scarcely  less  essentially  subservient  to  the  nutrition  of 
the  fabric,  than  is  the  blood  of  higher  animals.  In  certain  degraded  An- 
nelida, indeed,  no  vascular  system  exists  j  and  it  is  obvious  that  the  move- 
mcnt  of  the  chylaqueous  fluid  through  the  visceral  cavity  and  its  prolongs 
^ADns  mu&t  there  be  the  sole  representative  of  the  circulation.* 
B^ld.  la  by  far  the  greater  number  of  animals  belonging  to  this  class, 
"bwevcr,  there  Is  a  vascular  system  of  tery  remarkable  character;  coniist- 
ing  of  a  set  of  trunks  and  vet^sek,  tieually  furnished  with  a  multiplicity  of 
Ofgmn  of  impulsion,  and  subdividing  into  ramifications  of  great  minute- 
mm*  The  extent  and  mode  of  distribution  of  this  vascular  system  differ 
greatly  in  the  several  sections  of  the  class ;  but  they  obviously  have  refer- 
ence in  great  degree  to  the  amount  of  specialization,  and  to  the  mode  of 
arrangement,  of  the  llcspiratory  apparatus.  The  fluid  which  they  contain 
b  nsually  colored,  being  very  commonly  red,  sometiraeB  green,  more  rarely 
of  a  yellowish  or  brownish  hue,  and  occasionally  colorless;  bnt  it  ieidom  or 
neefr  contains  corpmdt&;  and  in  this  respect,  thenifore,  it  departs  m  widely 
from  the  usnal  character  of  a  nutritive  fluid,  as  to  Hnggest  a  strong  doubt 
whether  it  be  truly  blood,  and  whether  the  vessels  which  contain  it  ought 
to  be  regarded  as  the  representatives  of  the  sanguiferous  system  of  higher 
animals,  This  doubt  derives  additional  force  from  the  greater  degree  of 
resemblance  which  this  vascular  system  of  Annelida  bears  to  the  ''aqoifer- 
ons  system''  of  the  Trematoid  Entozoa  (§  286),  the  Nemertine  Worms,  ^c. 
(the  connection  between  the  two  being  established  by  the  Leech  and  its 
allies),  than  to  the  t)'pical  form  of  the  sangniferons  system  of  the  Articu- 
lated sub-kingdom  its  it  exists  in  Myriapoda;  and  from  the  Tery  aoomalong 
dttncter  which  It  would  present,  if  really  Eaugntfefons,  m  being  the  only 
known  example  in  the  whole  Invcrtcbrated  seriei,  of  a  blood-vaaeular  tyi- 
tern  not  communicating  freely  with  the  general  cavity  of  the  body.  It  seems 
far  from  improbable,  however,  that  the  function  of  this  appamtui  is  essen- 
lially  res[nratory ;  and  that  it  may  perform  the  function  of  the  sangotfenKis 
ityBtem  in  distributing  a  highly  aerated  fluid  through  the  body  for  the  o^- 
gen&tion  of  its  tissues,  whilst  the  movement  of  the  chyUqueona  flnid  throagli 
the  general  cavity  answers  the  purposes  of  nntritioD." 

'  Sm  th<s  MciDolra  of  M,  de  Qaatpcfftget  and  of  Dr.  Wjlliaaii  alrttdydfadi  iod  th* 
•*Eliule«  flTur  Je^  Typ(*s  inftrieurs  de  TEttibninefaetiient  des  AaDcC^'*  Ij  ^m  Ibcncr  if 
these  obserrora,  in  tbe  **  Ann.  dea  Sci.  Nnt,**  3*  Ser.,  ZooL,  %sm.  iIt, 

>  Tb«  qu«6ti(m  above  slated  with  regard  to  tJie  real  nature  of  tbe  Tm*cs!ar  ijilan  la 
tka  ADDoUda,  was  firi^t  suggested  tti  the  Author  by  his  frieud  Mr,  T.  II,  HiiiJey ;  j 
deabts  an  llii«  point  appeo^r  to  him  fullj  Jimtificd  by  the  evideaec  whbli  viU  h%  i 
hereafter,  in  regard  to  the  ' '  watcr-vaseular  ^eteia''  of  the  EDioscoa  aftd  iMi 
There  are,  it  U  true,  some  very  cogent  objeetions  against  ranking  Ul«  ftta^oiar  i 
of  Ihe  Annelida  in  the  m.m^  category;  nnd  more  Gspedally,  the  afip<Mt  iSbmm^  if 
any  aueh  external  opening,  in  the  nolghborhood  af  the  anus  or  clitvherv,  ••  is  ptm^ 
eented  by  all  the  orditmry  forms  of  t lie  water-Ya^cular  syfteoi:*  B«l  U  u  h^  •«  wai— 
certAia  that  such  eommnni^iitions  do  not  aotnelimea  ejdat  in  tbt  Anft^tJda;  naittMB 
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220.  In  the  Leech  and  its  allies,  which  constitute  the  division  of  this  class 
that  is  most  nearly  allied  to  the  inferior  Annalosa,  four  principal  longitudinal 
trunks  may  be  distinguished ;  namely,  a  dorsal,  a  ventral,  and  two  lateral. 
The  lateral  trunks  alone  seem  to  be  endowed  with  propulsive  power ;  and 
they  appear  to  contract  and  dilate  alternately  with  each  other.  They  send 
off  branches  which  form  a  plexus  underneath  the  skin ;  and  this  distribution 
of  the  circulating  fluid  seems  to  have  reference  chiefly  to  its  aeration,  there 
being  no  more  special  provision  for  that  purpose.  The  lateral  trunks  com- 
municate freely  with  each  other  by  transverse  arches,  into  which  a  continual 
stream  of  blood  is  poured  by  the  contraction  of  one  or  other  of  them ;  and 
this  is  distributed,  by  vessels  proceeding  from  the  arches,  to  the  intestinal 
canal,  the  generative  organs,  and  also  to  a  set  of  looped  vessels  which  pro- 
ceed to  a  row  of  sacculi  on  each  side  of  the  body,  that  have  been  variously 
regarded  as  respiratory  organs,  as  muciparous  follicles,  and  as  representing 

*the  "  water-vascular"  system — ^the  latter  view  being  probably  the  correct 
one  (§  286).  From  these  various  parts  it  is  conveyed  to  the  cutaneous 
plexus,  chiefly  through  the  two  median  (dorsal  and  ventral)  trunks ;  and  in 
this  plexus  it  seems  to  execute  an  oscillatory  movement  from  one  side  to  the 
other,  by  the  alternating  impulses  of  the  lateral  trunks,  into  one  or  other  of 
which  it  will  at  last  find  its  way,  to  recommence  its  movement  through  the 
body  generally.* 

221.  In  the  typical  Annelida,  the  most  constant  parts  of  this  apparatus 
are  the  dorsal  and  ventral  trunks ;  the  lateral  vessels,  however,  often  exist, 
although  they  are  seldom  of  the  same  relative  importance  as  in  the  Suctoria ; 
and  the  dorsal  and  ventral  trunks  are  themselves  sometimes  double  along  a 
part  or  the  whole  of  their  course,  running  on  the  two  sides  of  the  median 
line,  or  at  a  little  distance  from  it,  like  the  longitudinal  vessels  in  the  Entozoa 
(Fig.  136).  Moreover,  we  generally  find  special  contractile  dilatations  on 
some  part  of  the  vascular  system ;  sometimes  only  a  single  one  exists ;  but 
more  commonly  they  are  greatly  multiplied.  Our  acquaintance  with  the 
circulation  in  this  group,  has  chiefly  resulted  from  the  skilful  observations 
of  MM.  Milne-Edwards  and  De  Quatrefages.^ — In  the  TereheUa,  whose  gillfl 
are  arborescent,  and  situated  round  the  head  (Fig.  113,  h,  k),  there  lies  in 
the  anterior  part  of  the  body,  on  the  dorsal  aspect,  a  large  trunk  (Q,  which 
receives  at  its  posterior  extremity,  from  a  venous  sinus  (n)  surrounding  the 
(esophagus,  the  contents  of  an  extensive  vascular  plexus,  that  has  ramified 
on  the  walls  of  the  intestine,  and  on  the  muscles,  integuments,  &c.  This 
trunk,  or  dorsal  vessel,  propels  forwards  the  blood,  which  it  receives  from 
behind,  by  irregular  contractions.  At  its  anterior  extremity  it  subdivides 
into  numerous  branches,  of  which  the  principal  enter  the  respiratoij  orgami 
(k,  k)f  whilst  others  pass  to  the  head  and  tentacula  (&,  b)  ;  so  that  a  large 
proportion  of  the  blood  is  aerated,  before  it  is  again  circulated  through  the 
system.     The  vessels  that  return  it  from  the  gills  reunite  into  a  trunk  (p,  o), 

are  undoubted  examples  among  the  Entozoa,  of  vessels  which  must  be  ranked  as  h^ 
longing  to  the  water-vascular  system,  though  destitute  of  any  external  orifice. — Th» 
Author  has  thought  the  expression  of  these  doubts  to  be  called  for  by  the  pree^it  sM 
of  the  inquiry,  which  further  research  will  probably  soon  elucidate;  but  he  has  not  ftlt , 
justified  in  venturing  upon  so  bold  a  step  as  the  removal  of  the  supposed  saaguiferotf 
system  of  Annelida  out  of  the  category  of  the  Circulating  Apparatus,  although  he  bii 
felt  no  hesitation  as  to  this  step  in  the  case  of  the  lower  Annulose  animals. 

^  This  description,  which  differs  fh>m  that  of  M.  Dug^s,  who  first  described  the  dies- 
lationin  the  Hirudunidse,  is  given  on  the  authority  of  M.  Oratiolet,  **  Ann.  des  ScL  Naif" 
8«  8er.,  Zool.,  tom.  xiv.,  p.  189. 

«  See  the  elaborate  Memoir  of  the  former,  in  the  "Ann.  des  Sci.  Nat,"  2«  86r.,  Zo«lt 
tom.  z. ;  and  the  ritumioi  the  researches  of  the  latter,  already  referred  to. 


Gircoliitiog  apparatus  of  ^ufn>e  mn~ 
guinea: — n,  bf  ^:^  ftaUnDR>;  e,  llrit  teg- 
men  t  of  tho  body  ]  /,  feot  j  5,  pharynx  j 
sKt  mnodibnlar  mnBciog;  i,  intoEtine;  i', 
donsaJ  Toa«elj  /,  anpenor  lUtestiBal  yea- 
Aoli ;  «j  thtiir  Iflteml  bmtidLcfi;  q^  ygntnU 
veaael»;  I,  iti  Jateral  bmDchea;  f',  con* 
tractile  bulbji  on  the  Be  braneh^a;  n,  bran* 
obiai ;  2-,  subcataneoiis  vefsola  of  tha 
back. 


0Tf!ttljit|D|?  Appuratna  of  Terthell^  t^onthUe^  t 
—ft,  Ubial  ring  $  b^  h,  ten  tabula ;  c^  first  segmonfi 
*f  llio  tronk  J  d,  akin  of  tho  back  ;  c,  pbaryni  j 
/t  illt«ttiDO ;  ff,  longitadmai  masclaa  of  tbo  iofe* 
t!dr  tttrlkc*  of  th«  body;  A,  glandular  organ 
(UY«t  f)  I  i,  organs  of  gen  er alio  n  ;  J,  feet ;  k»  kf 
Wnchue  ;  t^  dorsal  vefatl  aeling  ai  a  respiratory 
bean ;  ]»i,  dorao-intetftinal  resael ;  n*  Tenons 
ttniifl  tniToand'mjf  otiaopbai^aa ;  u\  infijrior  intes- 
tinal TDfif  €l ;  0,  o^  ventral  troak  ;  p,  kteral  ra^- 
tuht  brwnebos. 

of  tlic  intestine  (»') ;  this  tmnk  h  of  course  to  be  regarded  in  tbe  light  of 
an  artery*  The  blood  ia  conveyed  back  into  the  venous  linus,  both  from 
the  iiit€rstbe  and  from  the  parietes  of  the  body,  by  the  dorso-intestinal  voa- 
sels  (m),  which  mnBt  be  considered  as  veins.  The  propnlsion  of  blood  into 
the  gills  seems  principally  dne  to  the  contraclaoES  ofthe  dorsal  vessel  ^  which 
may  hero  be  regarded  as  a  sort  of  respiratoTy  heart ;  but  its  motion  through 
the  arterial  trunk  would  appear  to  be  partly  owing  to  contractions  of  the 
gilla  themBelTca,  which  are  occasionally  eeen  to  take  place.  The  irregu- 
krity  of  these,  however,  requires  some  supplemental  force,  such  m  that 
which  hm  been  already  described  in  the  inferior  tribes,  for  a  maintenance 
of  a  steady  current;  and  there  are  many  allied  species,  in  which  the  blood 
circulates  no  less  energetically,  without  any  such  evident  propelling  agents, 
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222.  In  the  Eunice  (Fig.  114)  we  find  the  same  general  distribution  of 
vessels,  but  there  is  an  important  change  in  the  position  in  the  respiratory 
organs,  which  involves  a  complete  alteration  in  the  character  of  the  different 
parts  of  the  system.  The  branchial  organs  («)  are  not  concentrated  round 
the  head,  but  are  disposed  in  "combs"  along  the  whole  body.  The  dorsal 
trunk  (/')  receives  from  the  dorso-intestinal  vessels  (/),  as  in  the  former  case, 
the  blood  which  has  ramified  on  the  intestines ;  but  this  fluid,  as  will  pre- 
sently appear,  is  as  much  arterial  as  venous.  The  contractions  of  this  trunk 
are  not  so  regular  and  powerful  as  in  the  Terebella,  and  seem  to  be  but 
little  concerned  in  maintaining  the  circulation.  The  vessels  into  which  it 
divides  anteriorly,  are  distributed  only  to  the  head  and  neighboring  parts ; 
and,  by  the  reunion  of  the  vessels  which  return  the  blood  so  distributed,  the 
ventral  trunk  {q)  is  formed,  which  here  possesses  a  venous  character.  The 
general  distribution  of  its  ramifications  is  very  similar  to  that  described  in 
the  Terebella,  except  that  it  transmits  blood  to  the  branchise  as  well  as  to 
the  general  system ;  but  each  transverse  branch  {t)  presents  a  dilatation  or 
bulb  {t')  near  its  origin,  which  seems  to  propel  the  blood  that  enters  it,  by 
regular  contractions,  partly  through  the  pectinated  branchiae,  and  partly 
upon  the  intestines,  cutaneous  surface,  muscles,  &c.,  after  permeating  which 
it  re-enters  the  dorsal  vessel.  This  multiplication  of  blood-propelling  organs 
is  very  interesting,  when  viewed  in  reference  to  the  general  tendency  to  repe- 
tition of  parts  manifested  in  this  class.  It  is  found  that,  in  the  Annelida 
which  possess  it,  the  vitality  of  portions  of  the  body  is  preserved  dnring  a 
very  long  time  after  the  subdivision  of  the  animal.  In  higher  tribes,  how- 
ever, this  multiplication  is  restricted  to  a  particular  division  of  the  body,  as 
will  be  presently  seen  in  the  Earth-worm. 

223.  In  the  Arenicola  (Fig.  115),  we  observe  another  interesting  variety 
in  the  arrangement  of  the  vascular  system,  which  partly  resembles  the  forms 
already  noticed,  and  partly  conducts  us  to  others  which  would  at  first  sight 
appear  entirely  different.  The  dorsal  vessel  (o,  o)  traverses  almost  the 
entire  length  of  the  body  posteriorly,  and  it  receives,  as  before,  the  blood 
which  has  circulated  on  the  intestine  and  external  surface,  as  well  as  some 
directly  transmitted  by  the  branchise.  It  terminates,  however,  at  about  the 
anterior  fourth  of  the  body,  in  a  kind  of  contractile  ventricle  (n,  which 
answers  the  purpose  of  a  heart ;  but  it  first  sends  forward  branches  (x)  to 
the  head,  the  vessels  returning  from  which  enter  the  ventral  trunk  (I)  that 
passes  backwards  from  the  propelling  cavity.  The  branches  of  this  trunk 
are  almost  entirely  distributed  to  the  gills  (i* — t") ;  and  the  blood  which  ifl 
returned  from  them,  is  partly  transmitted  to  the  intestine  by  the  lateral  in- 
testinal  vessels  (/>),  partly  to  the  integuments,  and  partly  to  the  doTBal  veasd 
direct.  The  branchias  here,  as  in  the  Terebella,  seem  to  exert  a  direct  pro- 
pelling power  on  the  blood  which  passes  through  them. — In  the  Lumhri- 
CU8,  or  ''Earth-worm,"  again,  we  find  the  dorsal  vessel  communicating  with 
the  ventral  trunk,  not  by  one  contractUe  cavity  at  its  anterior  extremity, 
but  by  severed  loop-like  dilated  canals,  which  seem  to  exercise  a  similar  pro- 
pelling agency.  The  waves  of  blood  can  be  distinctly  seen,  if  the  animal 
be  kept  without  food  for  a  time,  until  it  has  discharged  the  black  eartk 
which  usually  fills  its  intestinal  canal.  The  blood  which  is  thus  forcil^r 
propelled  into  the  ventral  trunk,  is  conveyed  backwards  along  the  body,  ai^ 
distributed  to  its  different  organs,  especially  to  the  aquiferous  tubes  whidi 
take  the  place  of  the  respiratory  tracheae  of  higher  air-breathing  Articniata; 
and  from  these  it  is  returned  to  the  dorsal  vessel,  its  aeration  having  been 
effected  through  the  medium  of  the  general  surface. — The  great  extent  and 
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importaiiCG  of  the  capiiiarif  i;^$iem 
feebleness  of  the  central  propelling 
powers,  is  an  interesting  feature  in 
tiie  chaimcter  of  their  vascular  ap- 
ptTAluSp  and  shows  that  we  have 
not  yet  arrived  at  ii  contHtion  of  the 
eireitl&tiag  sjstera  very  far  remoTed 
fyom  tbftt  which  it  presents  iu 
Plants. 

224*  In  the  higher  Articnlata, 
t)i€  Circulating  apparatn.^,  io.^tead 
of  being  distinctly  differentiated 
ftom  the  "general  cftTity  of  the 
body,"  m  it  aeemi  to  be  in  the 
Aiint*lida,  is  alwikys  in  iDtimato 
corrneetiun  with  ft*  Through  the 
whole  aerie*  of  Myriapeds,  Insects, 
Cnisrtiieeft,  and  Ai-achnida,  the 
•M»(fiod^'  and  the  '*  fluid  of  the 
gene  ml  cavity"  are  identical ;  for 
the  former^  in  some  part  of  its  cir- 
culation ^  escapes  into  the  lacunse 
between  the  tissnes,  and  is  diffused 
through  the  interior  of  the  perito- 
neal and  pericardiac  sacs.  And  in 
the  emb^nic  condition  of  these 
sniaMlii  18  in  certain  degraded 
fomiff,  the  development  of  whoso 
circulating  Byateni  is  permanently 
arreHled  at  the  same  point  (§  231), 
tlitTc  ia  no  other  circulation  than 
thr  itjovi'tncnt  of  chykqucons  fluid 
tu  11  rid  fro  within  the  viscera!  cavity. 
— Iti  the  TEiscular  fiystcm  of  the 
Mynapoda^  as  in  other  parts  of 
their  structure,  we  meet  with  the 
condittfm  which  may  be  regarded 
iu$  iypienl  of  the  Articulated  Beries ; 
for  tbii  class  presents  the  full  evo- 
liition  of  that  multipk^  heart,  which 
w  developed  (m  to  speak)  out  of 
the  prinripnl  dorsal  trunk  usually 
found  in  the  lower  Artieulata; 
w!\if'Tf  if  «1bo  exhibits  that  uniform- 
structure,  and  in  the  dis- 
1  ..  of  the  vessels  pruceeding 

fr>>m  1!,  %hich  are  obscured  in  the 
higher  Articulala  by  the  unequal 
drfelopinent  of  the  eueccssive  seg- 
meiitii,  and  by  the  specialization 
of  pAftieular  organs.  This  change 
of  typCt  however,  is  by  no  means 
iibmpt*     It  appears  from  the  re- 


in the  Annelida,  compared  with  the 

Fig.  ns. 


n  I 


Ciretilating  Appamttu  of  Areni&tla  pUtato* 
ruMf  *i  HeD  from  ibars  at  A,  anil  ka  icen  fmm 
tb«  ilil9  «t  n  : — fi|  prnboicli;  h^  phorjnjc;  e*  na- 
tni4;lfir  tnuikil^s  ;  d,  diliLted  o?<ophaguj,  or  crop  | 
*■,  cmciii  appendage*  ;  /,  itom^tb  ;  ff,  itik'^iino  ; 
A,  mmsculiit-piirtitioiitf  surrounding  tbc  nbdumintil 
porcloa  M  iLh6  (tigeitirfl  tube  ^  {^  to  i^*  thirC^en 
ptira  of  branchiiiB ;  J^  organ  a  of  gcncmtiuti ;  k, 
Krtiftiroua  tub«reli?!t&nd  tbdr  mueialeip;  f,  apcrct- 
inj^  c<eCA  of  Ibe  jdlow  ifinttcr  ajtuded  from  the 
ikiii  J  «,  Merotiug  cwc»  (bilinry?)  aturoandinjf 
Ibe  iDteitina  ;  ««  m^  heart ;  o,  dorv&I  TCfflcl;  o^j 
nbdamitial  portion  of  the  Tcaiol ;  p,  lateraJ  in- 
ientlDM  TGaaeli;  q,  tultcfitaneoua  vanscular  n^t" 
^ark  ;  r»  brAocbiiLt  Artfriea  and  Teina ;  «,  bran* 
ebinl  rdi^i  ipturnii*g  to  tb©  doriud  Teiflfil ;  /* 
veal  ml  trunk  |  h,  tf'p  caUneoai  veM«U ;  x,lat«riLl 
pbarjnge&)  Toiieli ;  x,  Imblil  Taietdar  rLog. 
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searches  of  Mr.  Newport,*  to  whom  we  owe  the  greater  part  of  our 
knowledge  of  the  vascular  system  of  this  class,  that  in  the  Imidis,  which 
form  the  connecting  link  between  the  Mjriapods  and  the  higher  Annelida, 
the  walls  of  the  dorsal  vessel  are  very  thin,  and  the  valyular  constrictions 
between  its  successive  segments,  which  are  formed  by  reduplications  of 
the  muscular  tunics,  are  by  no  means  complete ;  further,  the  number  of 
these  chambers,  which  corresponds  with  that  of  the  movable  segments  of 
the  body,  is  very  large,  being  no  less  in  one  genus  than  seventy-five.  A 
greater  multiplication  even  than  this,  is  seen  at  an  early  period  in  the  life 
of  the  lulidae ;  for  each  of  their  movable  segments,  to  which  two  pairs  of 
legs  are  attached,  is  formed  by  the  coalescence  of  two  original  segments ; 
and  every  one  of  the  latter  at  first  possesses  its  own  subdivision  of  the  dor- 
sal trunk,  the  indications  of  which  are  seen,  even  in  the  adult  animal,  in 
the  duplication  of  the  cardiac  muscles  and  of  the  arterial 
trunks  on  each  side,  whilst  the  cavities  have  completely 
coalesced.  It  has  been  observed  by  Mr.  Newport  and 
Dr.  T.  Williams,  that  in  the  larva  of  /ti/uf ,  the  visceral 
cavity  contains  a  corpusculated  fluid ;  .and  this  fluid  may 
be  seen  to  perform  an  oscillatory  movement,  some  days 
before  the  pulsations  of  the  dorsal  vessel  can  be  detected, 
and  before  the  tracheal  system  is  developed. — ^In  some 
of  the  GeophilicUe,  the  number  of  distinct  chambers  is 
even  greater  than  in  the  lulidsa,  being  no  fewer  than  a 
hundred  and  sixty  in  one  species ;  but  the  whole  appara- 
tus presents  a  higher  type  of  structure. 

225.  In  the  Scolopendrta,  on  the  other  hand,  the  num- 
ber of  chambers  is  reduced,  in  accordance  with  tiiat  of 
the  segments  of  the  body,  being  never  greater  than  twenty- 
one  (Fig.  116),  and  sometimes  as  small  as  fifteen;  the 
muscular  portion  of  their  walls  is  much  more  developed; 
and  the  valvular  partitions  which  isolate  the  successive 
segments  from  each  other,  as  well  as  the  valves  which 
guard  the  orifices  of  the  vessels,  are  much  more  complete 
than  in  the  lower  tribes.  The  anterior  and  posterior 
portions  of  this  dorsal  vessel,  and  the  parts  in  immediate 
connection  with  it,  are  shown  in  Fig.  117 ;  in  which  the 
figures  1,2,  indicate  its  first  and  second  chambers,  and 
17, 18, 19, 20, 21,  those  of  the  corresponding  segments  at  tiie 
opposite  extremity.  The  walls  are  formed  of  two  layers 
of  muscular  fibres,  some  of  them  annular  and  othen 
longitudinal ;  and  similar  fibres  may  be  traced  upon  tlie 
principal  systemic  arteries.  The  purpose  of  these  fibres 
is  obviously  to  produce  contraction  of  the  chambers; 
their  dilatation  being  accomplished  by  the  bands  of  altf 
fibres,/,/,  which  extend  to  a  considerable  distance  firam 
either  side  of  the  dorsal  vessel,  and  are  inserted  into  tbe 
dermo-skeleton  of  their  own  segment.  Each  chamber 
has  a  pair  of  apertures  guarded  by  valves,  which  is  pro- 
bably for  the  entrance  of  venous  blood ;  but  the  source 
from  which  they  receive  it  has  not  been  clearly  made  out; 
it  is  probably,  however,  the  great  sinus  formed  by  the  pericardial  sac  whid 


Dorsal  vessel  of 
Scolopendra,  com- 
posed of  twenty-one 
segments,  with  its 
aljur  fibres. 


>  See  his  Memoir  <'0n  the  Nervous  and  Circulatory  Systems  of  Myriapoda  and  Ufr 
crourous  Arachnida,"  in  "Philos.  Transact.,"  1843. 
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Fig.  117, 
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iurroiiTitls  the  dorsal  Tessel.  From  each  chamber,  also,  a  pair  of  systemic 
arteries,  A,  h,  is  given  off,  which  are  especialljr 
difitributed  to  the  organs  of  the  upper  side  of 
their  own  segment,  but  inosculate  with  those  of 
other  if fments.  From  the  moiit  anterior  cham- 
l>er  (i  )  is  given  off  a  pair  of  large  arches,  p  r, 
p  r,  which  encircle  the  oesophagus,  to  meet  again 
upon  itfl  under  side  in  the  ventral  trunk,  xy; 
but  it  also  sends  forwards  a  median  trunk  q^ 
that  gives  off  two  smaller  pairs  or  arches,  w,  v^ 
which » in  like  manner,  meet  in  the  anterior  con- 
tinuaiiou  of  the  ventral  trunk,  w.  From  tlie 
median  trunk  are  also  given  off  the  vessGla  which 
supply  the  cephalic  segment  and  itn  organs^  of 
senstition ;  the  lateral  branehea,  s,  t,  whieh  sup- 
ply the  mouth  and  its  appendages,  being  fur- 
aished  by  a  trunk  that  comes  off  from  the 
principal  aortic  arch  on  each  side.  The  distri- 
tiiition  of  the  arterial  branches  of  the  dorsal 
vessel  is  extremely  minute ;  even  its  o^ti  parietes 
ing  furnished  with  distinct  nutrient  branches, 
«,  The  ventral  trunk,  which  Hes  upon  the  gan- 
glionic cord,  and  is  principally  formed  by  the 
tmion  of  the  arches  that^  surround  the  oesopha- 
gus, may  be  regarded  as  representing  the 
**aort«*-  of  ycrtcbnited  animiils;  it  is  of  large 
dsaaietcr  in  the  anterior  portion  of  the  body, 
but  givMoff  a  pair  of  arterial  branehesj  in  each 

3m6Et|  but  at  its  posterior  extremity  it  is 
need  to  a  comparatively  small  size*  there 
iobdividing  into  two  principal  branches,  which 
Bll|iply  the  last  pair  of  legs.  The  branches  suc- 
atttsirely  given  off  from  this  aortic  trunk  chiefly 
proceed  to  the  muscles  of  the  legs  \  but  one  set 

of  them  is  di.^tributed  to  the  trachete;  and  it  is   tj^VrimT^I,*  ipimlic  >^^^^ 
^  orthy  of  note  that  the  tracheas  and  blood ves-    owiiar  aEgraent;  c,  foot-jnwF;  i, 
is  «re  unxcd  up  togctU-r  m  a  remarkably  in-  ?', 'is^f^a,  2'\?^"dt'"b'«:: 
rieate  mimuer  in  the  peritoneal  membrane. —  b»rt  of  th©  posterior  extremity  of 
1m?  course  of  the  blood   has  not  been  fully    ttiBWdy;  o^^nustituEi^cetpba- 
aadc  out ;  but  there  is  a  strong  probability  from 
;>gy  that  the  venous  system  is  altogether 
ir;  and  that  the  blood  which  has  circu- 
itted  through  the  system,  together  with  that 
|lrhic!i  has  hi^^n  seat  to  the  trachea?  for  aeration, 
nd?  it  way  to  the  great  pericardmc  sinus,  and 
licoce  re-enters  the  dorsal  vessel  through  the 
apertures  in  its  successive  chambers,    A  portion 
^  this  mixed  Huid  will  be  at  once  sent  outwards 
k  the  contraction  of  each  cbamber,  into  the 
^srtenal  trunks  proceeding  from  it;  but  the  prin- 
cipal portion  will  be  transmitted  from  behind 
forwards  l>y  the  peristaltic  action  of  the  chambers^  those  of  the  anterior  aeg- 
mctits  dilating  whilst  those  of  the  posterior  contract  \  and  thus  the  current 
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Ue  gaDgliA;  d,  ey^a;  «,  ^xtri'mitj 
of  foot-jnirft  f /,/,  alar  mtifcLei ;  y, 
ff*  TftlvTilnr  parti  tioDs ;  h^  A,  sjste- 
mic  nrtertcs;  i,  kj  I,  m,  n,  UiGif 
iubdiTmon?,  id  mo  of  tbem  ino#- 
culaiing  witb  the  hepntk  tchoIs 
0  /  p,  p,  aoriio  c^rche^ ;  ft*  mcdmn 
trunk,  €i>ntiDa^  from  tbD  tlarMl 
TGBdoI;:  r,  r,  nor  tic  archei  reDEvit- 
lag,  to  form  the  Tenirnl  trutik,-  *, 
maiidibultLr  artery  j  f,  eephftlifl 
srtervj  n,  r,  Beeondary  jireliesj  ip, 
HQtemr  ooatiDuaUon  of  the  veti. 
trnl  tnitik,  x,  y/  f,  nutrieat  art«- 


254  OF  THE  OIBOULATION  OF  NUTBITIYE  FLUID. 

will  be  directed  throngh  the  aortic  arches  into  the  ventral  trank,  and  also 
through  the  arterial  branches  supplying  the  head.  Besides  the  dorsal  and 
ventral  trunks,  we  find  a  pair  of  lateral  trunks,  o,  which  are  specially  con- 
nected with  the  hepatic  organs ;  the  branches  of  these  inosculate  with  those 
of  the  ventral  trunk ;  but  in  what  way  the  blood  is  propelled  through  them 
is  unknown. — In  the  family  of  SctUigerida,  an  interesting  transition  is  pre- 
sented to  the  structure  which  the  doreal  vessel  possesses  in  Insects ;  for  every 
alternate  chamber  is  much  smaller  and  shorter  than  the  one  before  and 
behind  it,  and  receives  very  little  blood  from  its  auricular  orifices ;  so  that, 
the  total  number  of  chambers  being  sixteen,  the  number  of  the  principal 
chambers  is  no  more  than  eight;  whilst,  at  the  same  time,  the  whole  organ 
is  shorter  and  of  more  compact  form. 

226.  It  is  not  a  little  remarkable  that  Insects  should  have  been  long  re- 
garded as  unpossessed  of  a  proper  circulation ;  the  peculiar  provision  for 
the  conveyance  of  air  through  the  interior  of  their  bodies  having  been  sup- 
posed to  render  the  movement  of  blood  unnecessary.  Such,  however,  is 
by  no  means  the  case ;  for  the  circulation  in  Insects  is  at  least  as  active  as 
it  is  in  other  Articulata;  and  it  is  only  such  an  extraordinary  rapidity  in 
the  flow  of  blood,  as  would  have  been  required  by  animals  of  such  wonder- 
ful energy,  if  their  respiration  had  been  localized  in  one  organ,  which  is 
rendered  unnecessary  by  the  universal  diffusion  of  that  function. — ^We  find 
in  Insects  a  dorsal  vessel  (Fig.  57,  a  a),  formed  upon  the  same  plan  as  that 
of  Myriapoda ;  but  the  division  into  chambers  is  restricted  to  the  abdominal 
portion  of  the  body,  the  vessels  being  continued  through  the  thorax  to  the 
head,  as  a  simple  contractile  trunk.  Thus  it  happens  that  the  number  of 
distinct  chambers  never  exceed  eight ;  and  it  appears  that  in  many  Insects 
it  is  even  less.  The  muscular  walls  of  these  chambers  are  considerably  de- 
veloped, and  their  valvular  apparatus  is  very  complete.  The  dorsal  vessel 
is  surrounded,  as  in  Myriapoda,  with  a  pericardial  sac,  in  which  blood  has 
been  seen  to  move ;  this  may,  therefore,  be  regarded  as  a  venous  sinns,  from 
which  the  blood  is  received  into  the  several  chambers,  by  a  pair  of  valvolar 
orifices  within  each.  The  fluid  is  propelled  from  behind  forwards,  throngh 
the  successive  chambers ;  and  is  then  driven  onwards  to  the  head,  throngh 
the  trunk  which  is  the  anterior  continuation  of  them.  Several  branches 
have  been  detected,  into  which  this  subdivides  for  the  supply  of  blood  to 
the  parts  of  the  head ;  but  no  pair  of  aortic  arches  for  the  conveyance  of 
blood  to  the  under  side  of  the  body,  has  yet  been  made  out,  although  a 
ventral  trunk  has  been  discovered  by  Mr.  Newport,  lying  upon  the  g^ngli- 
ated  nervous  column,  as  in  Myriapoda.  The  course  of  the  circulation  has 
been  chiefly  watched  in  transparent  Larvse,  and  in  Pupss  during  their  de- 
velopment; and  it  has  appeared  as  if,  when  the  currents  had  once  passed 
out  of  the  dorsal  vessel,  they  made  their  way  rather  through  lacnnse  among 
the  tissues,  than  through  distinct  vessels.  The  principal  stream  of  blood 
from  before  backwards  does  not  seem  to  flow  along  the  ventral  tmnk,  but 
through  two  lateral  passages  which  lie  near  the  ventral  surface ;  and  it  is 
from  these  that  the  secondary  currents  diverge,  which  pass  into  the  wingi 
and  legs,  and  then  return  back  to  the  main  stream.  These  cnrrenta,  too, 
seem  to  be  rather  ''  lacunar,"  than  restrained  by  distinct  parietes;  bat  it  ii 
probable  that  the  walls  of  the  passages  may  be  more  complete  in  the  per- 
fect Insect — The  mode  in  which  the  aeration  of  the  blood  is  provided  for  ia. 
Insects,  was  long  misapprehended ;  but  from  the  inquiries  of  M.  Blanchard 
it  appears  that  the  tracheae  are  insheathed,  even  to  their  minutest  ramifica- 
tions, by  prolongations  of  the  sanguiferous  canals,  and  that  the  blood  is 
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therefore  aerated  wherever  the  trachea?  penetrate,*  This  view  is  in  perfect 
accordance  with  the  fact  long  since  obserTcd  by  Mr.  Bowerbank'  and  others, 
that  the  corrent  of  blood  in  the  **  nerves"  of  the  wings  moves  in  a  Bpace 

which  corapletelj  sarround;?  the  traeheie So  far,  then^  as  the  course  of  the 

circulation  in  Insects  ia  yet  known,  it  may  be  probably  considered  to  bo  as 
follows.  The  blood  impelled  forwards  by  the  dorsal  Teasel,  is  transmitted 
to  different  part§  of  the  body,  either  by  distinct  vessels,  or  by  lacunar ;  after 
paf?sing  through  the  tJssoes,  it  finds  its  way  by  imbibition  into  the  outer 
sheaths  of  the  smaller  tracheje,  which  thus  serve  to  collect  it  for  aeration ; 
and  from  the^e  it  is  transmittedi,  whOftt  undergoing  exposure  to  the  air  con- 
tftined  in  the  trachece,  towards  their  external  orifices,  where  it  is  collected 
from  their  sheaths  by  a  system  of  canals  which  convey  it  back  into  the  great 
pericardiac  sinus,  whence  it  enters  the  dorsnl  vesscL 

2^T-  The  dorsal  vessel  of  the  Larva  is  far  less  perfect  in  its  structure, 
than  is  that  of  the  Imago ;  being  sometimes  almost  as  destitute  of  valvular 
partitions  as  is  that  of  the  Annelida,  and  very  commonly  presenting  no 
higher  a  developracnt  than  does  that  of  the  lower  Myriapoda,  But  in  its 
advance  towards  the  perfect  state,  a  gradual  thickening  of  its  walls,  and  a 
completion  of  its  valvular  partitions, may  be  noticed;  and  at  the  same  time 
the  whole  organ  becomes  contracted  in  length,  and  presents  a  more  con- 
centrated condition.  In  many  aquatic  larvae,  especially  of  the  order  JVew- 
Ttfpttra,  there  are  leaf-like  appendages  affixed  to  the  taiU  in  which  the 
circulation  may  be  distinctly  seen,  the  streams  passing  oif  in  loops  from  the 
main  trunks,  and  entering  them  again,  so  as  to  be  conducted  to  the  poste- 
rior eJttremity  of  the  dorsal  vessel.  Previously  to  the  metamorphosis,  the 
currents  cease  in  these  organs ;  and  this  is  for  the  most  part  true  also  of 
the  currents  in  the  wings,  which  may  be  uniformly  observed  in  these  organs 
in  the  Pupu  state,  bat  which  very  seldom  continue  for  any  length  of  time 
after  the  last  metamorphosis,  although  they  may  be  frequently  seen  in  indi* 
viduak  that  have  recently  emerged*  The  cessation  of  the  circnlatiou  in  the 
wings  Is  obviously  the  cause  of  their  complete  deficiency  in  reparative 
power ;  no  losses  of  substance  in  the'm  being  ever  made  good ;  so  that  old 
bees  may  always  be  distinguished  from  young  ones  by  the  chipped  indented 
edges  of  these  organs,  resulting  from  the  accidental  injuries  to  which  they 
have  been  subjeeted,^ — In  certain  aquatic  larvse,  especially  of  the  Gnut 
tribe,  in  which  the  visceral  cavity  occupies  a  large  part  of  the  body,  this 
may  be  seen  to  be  in  the  freest  communication  with  the  dorsal  vessel^  which 
has'  not  itself  any  vascular  prolongations ;  and  the  movement  of  the  blood, 
which  can  be  easily  watched,  on  account  of  the  multitude  of  coqiuscles  which 
it  contains,  and  the  transparency  of  the  bodies  of  these  larvae,  appears  to  take 
place  from  behind  forwards  iu  the  dorsal  vessel,  and  from  before  backwards 
in  the  gr^at  venous  sinus,  without  any  diverging  currents ;  not  ouly  the 
parietes  of  the  body,  but  all  their  contents,  being  in  such  iraracdiate  relation 
with  the  circulating  fluid,  that  no  further  provision  is  necessary.  In  some 
lanr©  whose  development  is  yet  less  advanced,  even  the  dorsal  vessel  appears 

^^i  *'Ann.  des  Sd.  Nat/'  B«  g^r.,  Zool.,  torn.  ijt.  xii.  Such,  at  lenst,  appears  to  th« 
^Btiifir  to  be  tba  moat  probublo  mterpreiation  of  the  fn.ct^  nscertained  by  ^i,  LUnuchartl's 
T^cotjotis,  taken  in  couucction  with  those  observed  in  the  living  AnJinal. — The  state- 
inetits  of  M*  Blanchurd  hiiTe  been  ealled  ia  qiiestion  bjr  seYcral  Anatomiatsi,  more  espe* 
cially  by  M,  JolJj  (op.  ciL^  torn.  iiL);  th^y  have  been  confirmed,  however,  by  others 
(p^,  dl»,  torn,  xv.).  Se©  ftlBO  the  observatioiis  of  Dr,  T.  Williams  ('^Anu*  of  Knt. 
kifft/'  TOt.  i.iil.,  p.  1&4),  who  stdtes  that  those  miQute  Kiinific4itioiis  of  the  tracheic, 
ill  whiish  the  spiriU  fibre  di^appeart  [{  302 )»  are  not  accompanied  by  blood-chanuels. 
*  '*£atoiiioIogical  Magaimt?/^  April,  1883,  and  October,  18S0. 
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to  be  wanting,  although  the  fluid  of  the 
Fig.  118. 


Diagram  of  the  Ciroalatory  and  other  organs  in 
Jiuthut: — A,  antennal  claws;  B,  eyes;  c,  c,  pul- 
xnono-branchio) ;  d,  alimentary  canal ;  e,  anal  ori- 
fice ;  F,  poison-glands ;  a,  anterior  continuation  of 
the  dorsal  trunk,  giving  off  1,  2,  2*  branches  to 
the  posterior  legs,  besides  the  two  great  arches 
which  form  the  ventral  trunk;  6, cephalic  ganglia ; 
c,  optic  nerve;  d,  great  subopsophageal  ganglion; 
e,  ocelli;  /,  supra-ocsophageal  artery,  giving  off  6 
— 14  branches  to  the  cephalic  ganglia  and  organs 
of  sense ;  g,  lateral  trunks  of  subopsophageal  arte- 
ries, giving  off  3, 4, 5,  branches  to  the  anterior  mem- 
bers ;  h,  hf  chambers  of  the  heart,  1 — 7 ;  t,  i,  ven- 
tral artery ;  k,  k,  branches  given  off  in  each  seg- 
ment; I,  If  branches  of  caudal  artery;  m,  m,  gan- 
glionic cord;  n,  n,  portal  system  of  vessels;  o,  o, 
its  branches  ;t),p,  systemic  arteries  given  off  from 
the  cardiac  chambers ;  q,  q,  great  caudal  artery ; 
r,  r,  its  branches  of  communication  with  the  portal 
trunk  «,  •  ;  f,  termination  of  cardiac  portion  in  an- 
terior dorsal  trunk ;  u,  «,  auricular  openings  into 
cardiac  chambers ;  ac,  diaphragm  dividing  cephalo- 
thorax  from  abdomen ;  y,  anterior  pair  of  systemic 
arteries  distributed  on  this ;  m,  visceral  arteries. 


visceral  cavity  is  in  a  state  of  con- 
tinual oscillatory  movement. 

228.  The  Circulating  appara- 
tus of  the  Arachnida  presents  us, 
at  least  in  the  higher  forms  of  the 
class,  with  a  much  greater  com- 
pleteness than  that  of  Insects;  and 
this  is  especially  seen  in  the  ad- 
dition of  a  set  of  vessels  that  is 
specially  subservient  to  the  aera- 
tion of  the  blood,  in  accordance 
with  the  greater  localization  of 
the  respiratory  organs  themselves. 
Nevertheless,  there  is  no  essential 
departure  from  the  plan  of  Btnl^ 
ture  already  described  aa  prevail- 
ing in  Myiiapods  and  Insects; 
and  between  the  higher  members 
of  the  former  class,  and  the  Ma- 
crourous  Arachnida,  such  as  the 
Scorpion f  the  conformity  in  the  a^ 
rangement  of  the  vascular  system 
is  extremely  close.  The  following 
are  the  most  important  of  the  facts 
ascertained  by  Mr.  Newport  {loe, 
cit.)f  in  his  minute  investigationB 
into  the  Circulating  apparatus  of 
the  Scorpxonida, — Thtdarsalveh 
sel  runs  continuously  firom  the  pos- 
terior extremity  of  the  tail  as  far 
as  the  cephalo-thorax,  and  may 
be  described  as  consisting  of  a 
cardiac  portion  (Fig.  118,  A,*, 
1-7),  which  occupies  the  abdo- 
men, a  dorsal  artery,  a,  which  is 
the  anterior  continuation  of  this, 
and  a  caudal  artery,  q,  q,  which 
is  its  posterior  portion.  The 
structure  of  the  cardiac  portion, 
which  contains  eight  chamben 
(the  posterior  one,  however,  being 
very  imperfect),  is  simQar  in  most 
respects  to  that  of  the  dorsal  tcs- 
sel  of  the  higher  Myriapods  tod 
perfects  Insects ;  but  it  diifen  in 
this,  that  the  valvular  partitions 
between  them  are  much  less  com- 
plete ;  a  difference  which  probi- 
bly  has  reference  to  the  fact,  tint 
the  cardiac  portion  has  to  sends 
great  arterial  trunk  backwards  si 
well  as  forwards.  The  blood 
enters  the  cardiac  chambers  firom 
the  surrounding  sinus,  throogh 
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the  anricolar  orifices  u,  u  ;  and  a  portion  of  it  is  sent  forth  again,  withoat 
being  propelled  into  the  adjacent  chambers,  through  the  systemic  arteries 
p^  p.  The  anterior  continuation,  or  dorsal  trank  a,  passes  throagh  the  sep- 
tum X,  which  dirides  the  cephalothorax  from  the  abdomen ;  and  soon  after- 
wards gives  off  a  pair  of  large  branches,  which  pass  round  the  oesophagos, 
like  the  aortic  arohes  of  Mjriapods,  to  reunite  below  it  into  the  ventral 
trunk  f , ».  It  then  gives  off  large  branches,  i,  2,  to  the  two  posterior  pairs 
of  legs,  and  a  sQialler  one,  2*, to  the  thorax;  after  which  it  separates  into 
three  principal  trunks,  of  which  one,/,  is  median,  and  runs  above  the  oeso- 
phagus, giving  off  branches  (6-i4)  to  the  cephalic  ganglia  and  organs  of 
sense,  whilst  the  others,  ^,  pass  forwards  at  the  sides  and  below  the  oeso- 
phagus, to  supply  the  two  remaining  pairs  of  legs  (s,  4)  and  the  great  pre- 
hensile claws  (6).  In  this  arrangement,  there  is  a  very  marked  conformity 
to  the  type  of  the  Scolopendra  (§  225).  Besides  these  vessels,  the  dorsal 
trunk  g^ves  off  proper  visceral  branches,  2,  which  proceed  backwards  along 
the  anterior  portion  of  the  alimentary  canal,  inosculating  with  branches 
from  the  systemic  arteries  p,p.  The  posterior  continuation  of  the  multiple 
heart,  constituting  the  caudal  artery^,  ^r,  passes  backwards  to  the  extremity 
of  the  tail,  giving  off  in  its  course  the  systemic  arteries  /,  /,  and  also  tlie 
lateral  branches  r,  r,  which  communicate  with  tlic  portal  trunk  $,  s.  The 
ventral  trunk,  »,  t,  which  lies  upon  the  upper  surface  of  the  gangliated 
nervous  cord,  extends  backwards  from  its  commencement  in  the  aortic 
arches,  nearly  to  the  termination  of  the  tail ;  gradually  diminishing  in 
diameter,  as  it  gives  off  minute  vessels  for  the  nutrition  of  the  cord,  and 
successive  pairs  of  branches,  k,  1%  which  pass  downwards  to  communicate 
with  the  portal  trunk;  its  terminal  branches  in  the  last  caudal  segment 
being  distributed  with  the  terminal  nerves  proceeding  from  the  ganglionic 
cord. — ^Beneath  the  ganglionic  column  we  find  another  trunk,  designated 
by  Mr.  Newport  as  the  portal;  the  purpose  of  which  appears  to  be,  to 
collect  the  blood  from  the  systemic  vessels,  and  to  transmit  it  for  aeration 
to  the  pulmonary  branchiae,  c,  c.  This  trunk  is  formed  by  the  coalescence 
of  branches  from  various  sources ;  but  especially  from  the  ventral  trunk  in 
the  abdominal  region,  and  from  the  caudal  artery  in  the  tail.  Its  branches 
are  almost  entirely  distributed  upon  the  respiratory  organs. — Such  is  the 
general  distribution  of  the  proper  *' vascular"  portion  of  the  circulating 
apparatus,  which  seems  to  be  altogether  arterial  in  its  character ;  the  venous 
eircolation  in  the  body  at  large  would  seem  to  be  altogether  ''lacunar;" 
whilst  the  return  of  the  blood  from  the  pulmonary  branchiae  to  the  heart 
probably  takes  place  by  definite  canals. — The  course  of  the  blood,  therefore, 
would  seem  to  be  as  follows.  Of  that  which  is  returned  from  the  respira- 
tory organs  to  the  chambers  of  the  multiple  heart,  one  part  is  sent  forth 
by  the  systemic  trunks  proceeding  from  each  chamber  which  it  has  just 
entered,  another  part  is  transmitted  forwards  from  chamber  to  chamber 
into  the  dorsEd  trunk,  whilst  a  tliird  portion  seems  to  be  propelled  back- 
wards into  ihe  candal  trunk.  The  dorsal  trunk  distributes  the  blood  to 
the  oephalo-thorax  and  its  organs  of  sensation  and  motion ;  whilst  a  por- 
tion of  it  is  carried  backwards  through  the  aortic  arches  and  ventral  trunk, 
partly  for  the  nutrition  of  the  ganglionic  cord,  and  partly  for  transmission 
into  the  portal  system.  So,  again,  tlie  caudal  trunk  conveys  the  blood  back- 
wards to  the  extremity  of  the  tail,  giving  off  nutrient  branches  to  the  various 
parts  of  that  organ,  and  also  transmitting  a  part  of  its  contents  directly 
into  the  portal  system.  The  great  portal  trunk  (wliich  may  perhaps  be 
considered  as  made  up  by  the  coalescence  of  the  two  lateral  canals  that  exist 
in  Insects  and  many  Articulata)  receiving  blood  from  these  sources,  and 
IT 


258 


OF  THE  CIRCULATION  OP  NUTRITIVE  FLUID. 


Fig.  119. 


collecting  that  which  has  been  distributed  through  the  tissues  bj  the  sys- 
temic branches  of  the  dorsal  and  ventral  trunks,  transmits  this  fluid  for  aera- 
tion to  the  pulmonary  branchiee,  from  which  it  is  returned  by  a  set  of 
''  branchio-cardiac  canals"  to  the  great  cavity  surrounding  the  heart 

229.  The  circulation  has  not  been  studied  with  the  same  minuteness  in 
the  Araneidce;  but  from  the  researches  of  M.  Blanchard^  it  appears  that 

the  course  of  the  blood  is  essentially  the  same  as  in 
Insects,  but  that  it  is  distributed  by  more  perfect 
vessels.  The  dorsal  vessel  forms  a  multiple  heart 
of  four  or  five  chambers  in  the  abdominal  region 
(Fig.  119) ;  but  the  partitions  between  these  cham- 
bers are  often  scarcely  perceptible,  so  that  the  car- 
diac cavity  is  really  single  but  elongated,  as  in  the 
Stomapod  Crustacea  (§  230).  The  blood  is  sent 
forth  from  this  organ,  partly  by  systemic  vessels 
directly  proceeding  from  its  segments,  but  chiefly 
by  the  dorsal  trunk  (a)  which  forms  its  anterior  con- 
tinuation; and  from  this,  on  its  entrance  into  the 
cephalo-thorax,  numerous  branches  are  given  oif  to 
the  various  organs  of  sensation  and  motion,  and 
also  to  the  viscera  contained  in  that  division  of  the 
body.  The  blood  thus  distributed  through  the  sys- 
tem is  stated  by  M.  Blanchard  to  find  its  way  to 
the  pulmonary  branchise  by  lacunar  passages,  neither 
ventral  trunk  nor  a  portal  system  of  vessels  having 
been  yet  made  out ;  and  from  the  respiratory  organs 
it  is  carried  back  to  the  heart  by  distinct  branchio- 
cardiac  canals  (&,  c),  which  discharge  themselves  into 
the  several  chambers  of  the  multiple  heart  The 
more  dififused  the  respiratory  function  is  rendered, 
by  the  prolongation  of  the  pulmonary  branchiie 

into  tracheae,  the  more  does  the  circulation  resemble  that  of  Insects  in  the 

predominance  of  the  lacunar  over  the  vascular  type. 

230.  It  is  among  the  Grusiacea^  that  we  find  the  sanguiferous  system 
presenting  the  most  developed  form  under  which  it  exists  in  the  Articulated 
series.     In  the  lower  orders,  however,  the  segments  of  whose  bodies  are 
nearly  alike  throughout,  the  contractile  portion  of  the  dorsal  vessel  is  elon- 
gated, and  the  distribution  of  its  branches  is  nearly  uniform  in  each  seg- 
ment ;  but  the  advance  towards  a  higher  type  is  shown  in  the  order  SUmuh 
poda,  the  members  of  which  have  usually  an  elongated  fusiform  heart, 
developed  as  a  muscular  dilatation  of  a  part  of  the  dorsal  vessel,  which, 
towards  its  anterior  and  posterior  extremities,  possesses  the  character  of  a 
sanguiferous  trunk.    The  same  is  the  case  also  in  the  Limulus.    But  in  the 
order  Decapoda^  which  includes  the  most  elevated  forms  of  this  cla«» 
we  find  the  heart  contracted  into  a  short  fleshy  sac,  possessed  of  conaldtf- 
able  muscular  power,  and  concentrating  in  itself  the  propellent  force  ^Hiicb 
is  dififused  in  the  lower  tribes  through  a  large  part  or  the  whole  length  of 
the  dorsal  trunk.    This  organ  in  the  Lobster  is  situated  on  the  median  liMf 
at  the  posterior  part  of  the  cephalo-thorax  (Fig.  120,  A,  d) ;  from  its  •»• 
terior  part  is  given  ofif  a  large  cephalic  trunk  (e)  which  passes  fonraidi» 
and  soon  subdivides  into  branches  for  the  supply  of  the  eyes  and  neighb(ff- 
ing  organs,  and  also  a  pair  of  antennary  arteries ;  whilst  from  its  posterior 


Heart  of  MygaU: — a, 
arterial  trunk  proceeding 
to  cephalo-thorax:  6,  ves- 
aols  of  the  anterior,  and  e 
re^scla  of  posterior  pul- 
monic apparatus. 


<«  Annales  des  Sciences  Nsturelles,"  3«  S^r.,  Zool.,  torn,  xii*,  p.  817. 


Cirenlfiting  Appamtas  of  LohtUr : — A,  Honri  nnd  Sjratemio  Arteries  oi  ffaen  from  nboTis  'f^^ 
,  imftlkr  aat«vm»;  6.  larger  antennm;  e^  cjeaj  rf,  beart;  f,  ophlbulmic  artery^  /,  anteuatr 

,  Qreae  Tentrfd  £[tiafi>  r<!CGivii>j;  vanoas  blood  frooi  tba  ijitem,  and  Iran  emitting  it  to 
eebtuD'; — a,  iSrtt  pair  ©f  hgt  (ctawt)]  &,  Tctious  Einujs, 

,  Rtfipiratory  CimutatioDi  ilb  seaa  in  a  transreno  tBctioQ  of  one  of  tbo  lugmenta; — a,  leg; 
le^iv  finuj;  c»  bfaocbjoeafdiflo  trunks^  rf,  bmnchiic;  e,  brrvncbkl  veinj*  or  efercnt  yes* 
t  oaitiitg  t<»  fufDi  branebio-c&fdmo  triiiik$;  J\  braticbial  ftrletki  proocediug  frotn  T^tious 


bdomen^     The  same  arrang^ement  prevails  in  the  Orah  (Fig,  58)  ;  but  the 

^eterior  trank  is  there  much  smaller  in  proportion,  in  accordance  with  the 

peloped  state  of  the  abdominal  segments.     These  two  trunks,  with  the 

obTionslj  represent  the  entire  dorsal  Tessel  of  the  lower  Articnfata ; 

Qiitional  form  being  shown  in  the  Scorpion.    Besides  these  trtmks, 

of  large  h^aiie  arteries  is  ^iven  olT  from  the  sides  of  the  heart, 

rhich  are  exclusively  distribnted  to  the  liver;  whilst  beneath  the  caudal 

arteiy,  a  liitgi}  siemai  trunk  orij^i nates,  which  benda  down  towards  the  ven- 

ttaX  aspect  of  the  body,  where  it  divides  into  an  anterior  and  a  posterior 

I     tffiJftch,  the  former  of  which  supplies  the  thoracic  members,  whilst  the  latter 

Bfiitiibtit€S  blood  to  the  under  surface  of  the  abdomen.    This  maj  proba- 
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bly  bo  regarded  as  homologous  with  the  ventral  trunk  of  the  Scorpion, 
thougli  it  has  not  yet  been  shown  to  have  any  connection  with  the  cephalic 
by  aortic  arches.  The  blood  conveyed  to  the  body  by  these  arteries,  ap- 
pears to  return  through  the  lacunsB  of  the  tissues  into  two  sets  of  large 
venous  sinuses ;  of  which  one  consists  of  a  scries  of  flattened  cavities,  freely 
communicating  with  each  other,  which  lies  immediately  beneath  the  shell 
of  the  back,  covering  the  upper  surface  of  the  heart  and  dorsal  trunks,  and 
obviously  representing  the  pericardiac  sinus  which  incloses  the  dorsal  vessel 
in  other  Articulata;  whilst  the  other  series  (6,  Fig.  120,  b,  o)  lies  at  the 
bases  of  the  branchiod,  on  each  side  of  the  iniferior  surface  of  the  thorax. 
The  former  collects  the  venous  blood  from  the  dorsal  and  candal  portions 
of  the  body,  and  carries  it  back  to  the  heart,  which  it  enters  by  two  pairs 
of  orifices,  guarded  by  semilunar  valves.  The  latter  (which  apparently 
corresponds  to  the  "  portal"  trunk  of  the  Scorpion)  collects  the  venous 
blood  from  the  maxillse  and  legs,  and' distributes  it  by  branchial  arteries 
(c,/)  to  the  branchisB  (d)  for  aeration.  From  these  organs  it  is  again  col- 
lected by  veins  (e),  which  all  coalesce  in  a  pair  of  large  trunks,  the  hranckiih 
cardiac  canals  (e),  that  convey  the  aerated  blood  back  to  the  heart.  Hence, 
in  that  central  organ,  the  venous  blood  received  from  a  portion  of  the  body 
is  mingled  with  the  arterial  blood  that  is  transmitted  direct  from  the  gills; 
and  the  fluid  which  is  propelled  through  the  systemic  arteries  is  hence  of  a 
mixed  character,  as  in  Reptiles — a  class  to  which  the  Cmstacea  have  many 
points  of  analogy.  Thus,  the  localization  of  the  respiratory  organs  in  the 
higher  Crustacea,  as  in  Arachnida,  involves  the  existence  of  a  special  re- 
spiratory circulation. 

231.  In  the  lower  orders,  however,  the  blood  is  aerated  In  its  progress 
through  the  general  system,  as  in  Insects ;  and  in  many  of  them,  the  arterial 
as  well  as  the  venous  portion  of  the  system  appears  to  be  altogether  ''la- 
cunar." In  one  of  the  most  degraded  forms  of  the  class,  we  revert  to  the 
simplest  possible  type  of  the  circulating  apparatus ;  even  the  dorsal  vessel, 
which  is  so  characteristic  of  the  Articulata,  being  deficient  in  the  Pycno- 
gonidce  (Fig.  105).  In  these  curious  animals,  there  is  not  the  least  trace 
of  any  vascular  system ;  but  the  visceral  cavity  of  the  body  and  limbs,  that 
intervenes  between  the  integument  with  its  muscular  lining  and  the  stomach 
with  its  prolonged  caeca,  is  occupied  by  a  corpusculated  fluid,  which  is  kept 
in  a  state  of  continual  flux  and  reflux,  not  only  by  the  general  moTemeDts 
of  the  body  and  limbs,  but  by  the  peristaltic  contractions  of  the  walls  of 
the  digestive  sac.  For  when  the  contraction  of  the  central  cavity  forces  a 
part  of  its  contents  into  the  gastric  cfficum  of  cither  of  the  legs,  that  ccecom, 
by  its  dilatation,  presses  out  a  part  of  the  circumambient  liquid,  which  will 
flow  into  the  cavity  of  the  thorax,  whence  it  may  pass  into  that  of  any 
other  limb  in  which  space  is  formed  to  receive  it  by  the  contraction  of  to 
gastric  caecum.  There  is  no  special  organ  of  respiration ;  so  that  the  aera- 
tion of  this  fluid  through  the  general  integument,  in  the  ordinary  coone 
of  this  strangely-imperfect  circulation,  must  be  sufficient  for  the  wants  of 
these  inert  animals. 

232.  From  the  view  which  has  thus  been  taken  of  the  Circolating  appa- 
ratus in  the  higher  parts  of  the  Articulated  series,  it  will  be  seen  that,  not* 
withstanding  the  diversity  of  detail,  there  is  a  very  general  conformity  to  a 
definite  plan ;  and  that  the  tendency,  as  we  ascend  from  below  upwards,  ii 
to  a  concentration  or  specialization  in  a  single  organ,  of  that  ImpulsiTe 
power  which,  in  the  lower  tribes,  was  diffused  through  various  parts  of  the 
system.  Now,  when  we  follow  a  similar  course  Avith  regard  to  the  MMucOf 
it  will  be  seen  that  in  almost  the  lowest  forms  of  that  series,  the  central 
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organ  is  as  powerful,  and  the  circalation  ns  much  carried  on  throngh  dis- 
tinct vessels,  as  in  the  highest  Crnstacca.  The  explanation  of  this  general 
inferiority  of  the  circulating  system  in  the  Articulated  scries  is  partly  to  be 
foand,  as  we  have  already  seen,  in  the  general  diffusion  of  the  resj)iratory 
apparatus;  but  it  seems  to  be  in  part  connected  with  the  mechanical 
arrangements  of  the  body,  the  continual  movements  of  whose  several  parts 
furnish  an  additional  means  of  propulsion  to  the  blood  which  is  meander- 
ing through  their  lacunar  spaces  and  cavities.  Even  in  Yertebrated  ani- 
mflJs,  we  find  that  the  general  acts  of  locomotion  have  an  important  share 
in  promoting  the  flow  of  blood,  especially  through  the  venous  system ;  its 
trunks  being  allowed  to  fill,  and  being  then  forced  to  empty  themselves 
towards  the  heart  (any  reflux  being  prevented  by  their  valves),  by  the  alter- 
nate relaxations  and  contractions  of  the  muscles  which  are  so  situated  as  to 
press  npon  them.  On  the  other  hand,  in  the  comparatively  inert  bodies  of 
the  MolluBca,  the  blood  would  stagnate  in  its  course  for  want  of  such  assist- 
ance, if  it  were  not  kept  in  motion  by  a  powerful  force-pump,  in  the  form 
of  a  compact  heart,  with  firm  muscular  walls. — In  most  of  the  instances  in 
which  we  have  hitherto  found  an  organ  of  propulsion  materially  affecting 
the  current  of  the  circulation,  it  has  transmitted  the  blood  which  it  has 
received  from  the  venous  sinuses  or  canals,  into  the  principal  **  systemic 
arteries,"  and  may  therefore  be  designated  as  the  systemic  ventricle.  Among 
the  Annelida,  however,  the  impelling  cavities  are  frequently  situated  at  the 
commencement  of  the  branchial  vessels,  and  are  to  be  considered  as  repre- 
senting the  pulmonary  ventricle  of  higher  animals.  In  the  MoUusca  gene- 
rally, we  find,  superadded  to  the  ventricle,  an  auricle  or  contractile  cavity, 
adapted  to  receive  the  blood  transmitted  to  the  heart,  and  to  propel  it  into 
the  ventricle ;  and  the  existence  of  these  two  cavities  constitutes  the  tyiii- 
cal  character  of  the  heart  through  nearly  the  whole  of  that  sub-kingdom, 
although  many  variations  are  presented  in  their  form  and  situation.  Not- 
withstanding this  higher  development  of  the  heart,  the  rest  of  the  circula- 
tory apparatus  remains  in  a  state  of  relative  incompleteness ;  for  in  the 
lower  classes  of  this  series,  the  distribution  of  blood  to  the  general  system 
is  almost  entirely  effected  by  lacunar  spaces,  of  which  the  visceral  cavity 
fbrms  part,  it  being  only  in  the  respiratory  organs  that  it  moves  through 
distinct  vessels ;  and  even  in  the  higher  tribes,  in  which  the  arterial  part  of 
the  ayatemic  circulation  is  generally  truly  vascular  throughout,  the  venous 
portion  of  it  is  still  in  some  degree  lacunar. 

233.  In  the  Bryozoa,  there  is  no  other  circulation  than  the  flux  and 
reflux  of  the  nutritive  fluid,  which  has  transuded  through  the  walls  of  the 
alimentary  canal  into  the  visceral  cavity,  whence  it  passes  into  the  tcnta- 
calA ;  a  continual  movement  being  kept  up  by  the  peristaltic  contractions 
of  the  alimentary  canal  (as  in  the  Pycnogonidoc,  §  231),  and  by  the  altcra- 
tiona  in  the  form  of  the  visceral  sac,  consequent  upon  the  retraction  or 
projection  of  their  polypoid  bodies.  The  visceral  cavities  of  the  several 
"idoids"  that  have  originated  by  gemmation  from  the  same  stock,  seem  to 
retain  their  connection  with  each  other,  although  this  is  sometimes  nar- 
rowed and  prolonged  so  as  to  form  but  a  slender  tube.  The  stony  walls 
of  the  "  cells"  which  invest  the  soft  bodies  of  many  species  of  Eschara, 
Lepralia,  &c.,  are  marked  with  punctations,  which  are  in  reality  the  ori- 
fices of  short  passages  extending  into  them  from  their  internal  cavity ;  and 
these  passages  are  occupied  by  prolongations  of  the  visceral  sac,  which  thus 
conrey  the  .nutrient  flnid  into  the  substance  of  the  framework  formed  by 
the  Bggre^tion  of  the  calcified  tunics  of  these  animals. 

234.  Although,  in  the  Tunicata,  we  find  a  special  provision  for  the  regular 
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circulation  of  nutritive 
Fig.  121. 


^^' 


fluid,  yet  this  is  not  very  far  removed  firom  the 
simpler  arrangement  which  suffices  in  the  Bry- 
ozoa;  for  the  system  of  passages  in  which  that 
fluid  moves,  might  be  considered  as  an  of&et 
from  the  general  cavity  of  the  body,  which  still 
forms  an  important  part  of  the  circuit.*— We  here 
flnd  a  distinct  heart,  usually  of  a  somewhat  elon- 
gated form,  and  generally  situated  in  the  neigh- 
borhood of  the  ovarium ;  it  is,  however,  merely  a 
portion  of  the  sinus-system  furnished  with  mus- 
cular parietes,  and  it  is  not  yet  divided  into  auri- 
cular and  ventricular  cavities.  In  the  long-bodied 
Polycltnians,  the  heart  is  situated  at  the  extre- 
mity of  the  post-abdomen  (Fig.  121,  o) ;  but  in 
the  BotryJUans  (Fig.  51),  which  have  no  proper 
abdominal  cavity,  k  is  brought  into  mnch  closer 
approximation  with  the  branchial  sac ;  and  in  the 
ScUpa,  it  holds  nearly  the  same  relative  position 
(Fig.  122,  A,  e).  In  the  solitary  Ascidtans,  how- 
ever, it  usually  lies  between  the  branchial  sac  and 
the  ventral  surface  of  the  body,  partly  excavated  in 
the  muscular  tunic.  In  the  curious  genus  Pehnma^ 
— ^which  in  its  general  form  and  in  some  parts  of 
its  structure  exhibits  an  obvious  approximatioa 
to  the  Sipunculida,  as  also  (in  common  with  that 
group)  to  the  Annulose  type — there  seems  to  be 
no  heart,  although  the  vascular  portion  of  the 
circulating  apparatus  is  more  complete  than 
usual ;  but  it  is  not  improbable  that  the  doml 
trunk  is  contractile  throughout,  and  snpplies  tilie 
place  of  that  organ.  The  blood  does  not  ordi- 
narily seem  to  move,  in  any  part  of  its  course, 
through  proper  vessels  with  distinct  parietes;  but 
flows  through  a  system  of  sinuses^  which  are  in 
free  communication  with  the  general  cavity  of  the 
body,  and  which  occupy  the  whole  space  betwea 
the  second  and  third  tunics,  save  where  these  an 
adherent  to  each  other.  There  is  usually  a  priof 
cipal  sinus  on  the  dorsal,  and  another  on  the  ven* 
tral  aspect  of  the  body;  and  these  conunnnicato 
with  each  other  by  an  intermediate  networic  of 
channels,  which  are  very  close  and  minnte  in  some 
tribes,  but  much  wider  apart,  as  well  as  larger,  ia 
others.  From  this  sinus-system,  prolon^Uom 
extend  into  the  ''test"  of  many  species  in  wUeh 
this  envelop  is  of  considerable  thickness;  a  fact 
of  much  interest  in  its  relations  to  the  analogoM 
prolongation  of  the  visceral  cavity  into  the  stony 
cell-walls  of  the  Bryozoa  (§  233),  and  to  that  of 
the  sinus  system  into  the  shells  of  many  BracUo- 
poda  (§  236,  note), — ^The  most  curious  featon 
in  the  action  of  the  Circulating  apparatus  in 
this  group,  is  the  alternation  which  presents  itself 

I  See  Messrs.  Forbes  and  Goodsir,  in  **£dinb.  New  Philos.  Jonm."  voL  xzxL  p.  211. 


Anatomy  of  Amaroueinm 
proli/emm: — A,  thorax;  B, 
abdomeD;  c,  post-abdomen; 
— c,  oral  orifice ;  «,  branchial 
sao;/,  thoracic  sinus;  i,  anal 
orifice;  t',  projection  oyer- 
hangine  it;  J,  nerrons  gan- 
glion; kf  oesophagus;  I,  sto- 
mach surrounded  by  biliary 
taboli;  m,  intestine ;  n,  termi- 
nation of  intestine  in  cloaca; 
o,  heart;  </,  pericardium;  p, 
OTarinm;  p^,  egg  ready  to 
escape;  a,  testis;  r,  spermatio 
canal;  r,  termination  of  this 
canal  in  the  cloaca. 
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in  the  direction  of  the  flow  of  blood ;  for  this  renders  it  impossible  to 
designate  either  set  of  vessels  or  passages  as  arterial  or  venous,  since  both 
are  arterial,  and  both  venous,  in  their  tarns.  The  contraction  of  the 
heart,  in  all  the  species  which  are  sufficiently  translncent  to  allow  it  to 
be  observed  daring  life,  is  somewhat  peristaltic  in  its  character,  proceeding 
from  one  extremity  of  its  cavity  towards  the  other ;  after  the  palsations 
have  continued  in  either  direction  for  a  minute  or  tAvo,  a  short  intermission 
takes  place,  during  which  the  current  of  blood  comes  to  a  stand ;  and  the 
peristaltic  contraction  then  recommences  in  the  opposite  direction,  the  flow 
of  blood  being  now  first  directed  towards  those  parts  from  which  it  had  last 
returned.  If  the  course  of  the  circulation  be  watched  in  an  individual  of 
Amaroucium  separated  from  the  common  envelop,  it  will  be  seen  that  the 
blood  when  propelled  towards  the  thorax,  passes  through  the  space  left 
between  the  viscera  and  the  lining  membrane  of  the  cavity ;  chiefly,  how- 
ever, along  either  its  dorsal  or  its  ventral  aspect.  When  the  ascending 
cnrrent  takes  the  latter  direction  (which  corresponds  to  its  course  in  the 
higher  Acephala),  it  enters  a  large  vertical  canal,  which  is  designated  as 
the  great  "thoracic"  or  "  ventral"  sinus.  From  this  sinus,  a  great  number 
of  vessels  pass  off  transversely  around  the  branchial  sac ;  and  these  are  con- 
nected together  by  numerous  communicating  twigs,  which  pass  between  the 
branchial  fissures ;  so  that  a  minute  network  is  thus  formed,  in  which  the 
blood  is  exposed  for  aeration  to  the  water  that  enters  the  sac.  From  this 
network  the  aerated  blood  is  collected  into  the  '^  dorsal"  sinus,  which  also 
receives  blood  that  has  been  transmitted  to  it  direct  from  the  thoracic  sinus, 
by  means  of  a  vessel  that  passes  round  the  branchial  orifice ;  so  that  the 
fluid  which  it  contains  is  of  a  mixed  character.  From  the  dorsal  sinus  the 
blood  returns  to  the  heart,  bathing  the  viscera  in  its  course.  When  the 
reversal  of  the  circulation  takes  place,  the  blood  is  first  transmitted  along 
the  dorsal  side  of  the  body  to  the  dorsal  sinus ;  thence  it  is  distributed  over 
the  branchial  sac ;  and  it  finally  returns  to  the  heart  by  the  ventral  sinus. 

235.  The  circulation  in  all  the  Tunicata  is  performed  upon  a  plan  essen- 
tially the  same ;  but  its  peculiarity  in  certain  compound  daveUirue  deserves 
a  special  notice.  In  the  Perophora  (Fig.  138),  the  several  individuals  are 
not  included  in  a  common  "test,"  but  grow  by  footstalks  from  a  common 
"stolon."  Each  of  these  stalks  contains  a  double  channel  for  the  passage 
of  blood,  and  these  channels  communicate  in  the  common  stem  with  those 
proceeding  from  other  individuals ;  so  that  a  vascular  communication  exists 
among  them  all,  and  this  extends  also  to  the  undeveloped  buds  which  sprout 
forth  from  the  stolons.  One  of  the  channels  in  each  peduncle  enters  the 
heart  of  the  animal  which  it  supports ;  and  of  the  blood  thus  received  into 
the  propelling  cavity,  a  great  part  is  transmitted  along  the  ventral  canal 
over  the  branchial  surface,  whilst  the  remainder  is  distributed  to  the  vis- 
ceral apparatus  and  the  mantle.  Both  these  currents  reunite  in  the  dorsal 
sinus,  which  then  conducts  the  blood,  not  back  to  the  heart  again,  but  into 
the  peduncle,  in  which  it  may  be  seen  to  flow  towards  the  principal  stem. 
As  in  other  cases,  however,  a  reversal  takes  place  about  every  two  minutes ; 
the  blood  then  flowing  towards  the  body  in  the  peduncular  channel  that 
commanicates  with  the  dorsal  sinus,  and  returning  from  it  in  that  which  is 
continaons  with  the  heart.  When  one  of  the  animals  is  separated  from  its 
pednnde,  the  circulation  is  at  first  disturbed,  but  soon  regains  its  usual 
regularity;  a  new  communication  being  apparently  formed,  by  which  a  free 
passage  of  blood  takes  place  between  the  dorsal  sinus  and  the  heart.^ — In 

'  See  Mr.  Lister's  Memoir  in  the  **  Philosophical  Transactions,''  1884. 
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many  of  the  SalpicUe,  we  find  a  much  more  complete  system  of  vascular 
passages,  adapted  to  diffuse  the  blood  over  the  membrane  lining  the  general 
cavity,  as  weU  as  upon  the  special  respiratory  organ.  From  the  heart 
(Fig.  122,  A,  e)  proceeds  the  ventral  sinus  (/),  which  passes  towards  the 

Fig.  122. 


CiroalatiDg  apparatiu  of  Salpa  maximct,  as  seen  from  the  tide  at  A,  and  from  the  Yentnl 
surface  at  b  : — a,  oral  orifice ;  b,  vent ;  c,  nucleas,  composed  of  the  stomach,  liver,  Ac. ;  (2,  brta- 
ohial  lamina;  e,  heart,  from  which  proceeds  the  longitadinal  tniDk  /,  sending  transrens 
branches  across  the  body;  g,  g,  projecting  parts  of  the  external  tunic,  serving  to  unite  the  difiwiat 
individuals  into  a  chain. 


anterior  extremity  of  the  body,  giving  off  numerous  branches  at  right  angles 
on  either  side,  from  which  arise  numerous  smaller  branches,  the  whole  form- 
ing a  minute  network  over  the  whole  of  the  dilated  branchial  cavity  (b)  ; 
whilst  a  separate  set  of  channels  distributes  blood  to  the  peculiar  membra- 
nous fold  which  projects  into  its  interior.  From  all  these  vessels  it  is  col- 
lected into  the  dorsal  sinus,  which  conveys  it  back  to  the  heart.  It  is  also 
transmitted  through  the  lacunar  spa<;es  which  immediately  surround  the 
viscera.  The  same  alternation  may  be  witnessed  in  the  direction  of  the  flow, 
in  the  Salpsa,  as  in  other  Tunicata;  but  here,  as  elsewhere,  it  has  been 
noticed  that  what  may  be  considered  as  the  direct  current — t.  e.  the  forward 
movement  of  the  blood  from  the  heart,  along  the  **  ventral"  trunk— 48  <tf 
much  longer  duration  than  the  reverse ,  in  which  the  blood  is  propelled  froa 
the  heart  through  the  **  dorsal"  trunk ;  the  number  of  pulsations  being  usually 
about  twice  as  great  for  the  former  as  for  the  latter. 

236.  In  the  Bivalve  Mollusks,  we  find  a  more  complete  system  of  arterial 
vessels,  and  the  heart  is  divided  into  an  auricular  and  a  ventricular  cavity; 
but  the  venous  circulation  is  carried  on,  as  in  the  Tunicata,  by  a  systmn  of 
sinuses  in  free  communication  with  the  general  cavity  of  the  body.  In  the 
Brachiapoda^  which  are  remarkable  for  their  bilateral  symmetry,  and  ibr 
the  independence  of  the  organs  on  the  two  sides  of  the  median  plane,  there 
are  two  separate  and  distinct  hearts,  one  for  either  half  of  the  body.  Eadi 
has  a  feebly  muscular  ventricle,  which  propels  the  blood  it  receives  from  the 
auricle  into  two  arterial  trunks ;  the  larger  of  which  distributes  it  to  tiie 
two  halves  of  the  mantle-lobes  nearest  the  ventricle,  the  smaller  to  the  via- 
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cera  and  muscles.  The  pallial  arteries  terminate  at  the  margin  of  the  mantle 
in  the  circnm-pallialYein  or  sinus,  from  which  the  blood  isrctnrned  bj  largo 
sinuses  in  the  substance  of  the  mantle,  that  discharges  it  into  a  large  com- 
mon sinus  at  the  back  part  of  the  visceral  chamber.  This  sinus  also  receives, 
from  the  visceral  cavitj  and  its  extensions,  the  blood  which  has  been  dis- 
tributed among  the  viscera  and  muscles,  by  the  second  arterial  trunk  pro- 
ceeding from  the  ventricle ;  and  it  discharges  its  contents  into  the  auricles 
of  the  two  hearts,  each  of  which  has  a  wide  gaping  orifice  for  its  admission.^ 
The  pallial  portion  of  the  circulation  is  obviously  respiratory,  since  the 
blood  spread  over  the  extended  surface  of  the  mantle  is  more  freely  exposed 
to  the  aerating  fluid,  than  is  that  which  is  distributed  elsewhere ;  and  hence 
the  circulation  of  the  Brachiopoda  may  be  compared  with  that  of  Reptiles, 
the  aerated  blood  which  has  returned  from  the  respiratory  surface  being 
mingled  in  the  central  cavity  with  the  venous  blood  which  has  returned  from 
the  system,  and  a  mixed  fluid  being  thus  propelled  through  both  the  pallial 
and  the  visceral  arteries. 

23T.  The  chief  modification  of  the  foregoing  plan  in  the  LameUt-hran- 
ehiate  Bivalves,  consists  in  the  development  of  a  system  of  branchial  vessels ; 
the  respiratory  function  of  the  mantle  being  here  in  great  part  superseded 
by  the  special  provision  made  for  it  in  the  lamelliform  branchite.  Although 
the  auricle  is  still  frequently  double,  there  is  usually  but  a  single  ventricle 
(Fig.  123,  a),  of  which  the  walls  are  formed  by  muscular  fibres  interlacing 
in  every  direction,  and  even  projecting  into  the  interior.  From  this  centre, 
which  is  situated  between  the  adductor  muscle  and  the  rectum,  the  blood  is 
sent  by  two  principal  arterial  trunks,  an  anterior  {d)  and  a  posterior  (e), 
to  the  system  at  large ;  and  thence  it  is  returned,  not  by  distinct  veins,  but 
by  a  system  of  lacunie  in  the  substance  of  the  foot  (b),  of  the  labial  tentacula 
(e),  of  the  adductor  muscle  (h),  of  the  glandular  organs,  and  of  the  viscera 
generally ;  the  contents  of  which  are  collected,  in  great  part  by  a  furrow 
(i)  along  the  free  margin  of  the  mantle,  into  the  afferent  vessels  (A,  h),  by 
which  it  is  conveyed  to  the  branchiae.  After  being  exposed  in  these  organs 
to  the  action  of  the  air  contained  in  the  surrounding  water,  it  repasses  to 
the  heart  by  two  large  branchio-cardiac  canals,  which  do  not  enter  the  ven- 
tricle, but  terminate  in  auricles  (5),  of  which  one  is  usually  placed  on  each 
ride.     The  branchio-cardiac  canals  also  receive  the  blood  brought  back  by 

>  The  account  of  the  Circulating  apparatus  of  Brachiopoda  here  given,  is  deriycd  Arom 
Prof.  Owen's  desoription  of  the  **  Anatomy  of  the  Terebratula,"  contained  in  the  Intro- 
dvetion  to  Mr.  Davidson's  Monograph  on  the  ** British  Fossil  Brachiopoda,"  published 
by  tJie  Palnontographical  Society,  1853. — The  Author's  own  researches  have  led  him 
to  the  eonclusion,  that  one  Tory  remarkable  extension  of  the  sinus  system  of  Brachio- 
poda has  not  been  noticed  by  Prof.  Owen.  The  membrane  which  can  be  stripped  from 
the  interior  of  the  valyes,  and  which  is  usually  regarded  as  constituting  <*the  mantle," 
is,  in  his  riew,  but  one  fold  of  the  mantle ;  another  fold  being  so  incorporated  with  the 
inner  layer  of  the  shell  as  not  to  bo  distinguishable  IVom  it,  but  being  separated  by  dis- 
Boliing  the  calcareous  matter  with  dilute  acid.  These  two  layers  adhere  at  many  points ; 
and  it  is  to  this  adhesion  that  the  difficulty  of  detaching  what  is  commonly  regarded  as 
"  the  mantle"  from  the  shell,  long  since  noticed  by  l^of.  Owen,  is  really  due ;  but 
wherever  they  do  not  adhere,  the  space  between  them  seems  to  be  occupied  by  blood, 
which  thus  fills  a  capacious  sinus  system  between  the  two  folds  of  the  mantle,  from 
wldeh  are  sent,  in  a  large  proportion  of  the  Brachiopoda,  those  curious  Tascular  pro- 
eeesea  which  penetrate  the  substance  of  the  shell.  This  sinus  system  appears  to  be 
strietly  comparnble  to  that  which  intervenes  between  the  second  and  third  tunics  of  the 
Tonieata  ({  284) ;  and  the  vascular  processes  that  penetrate  into  the  sheUs  of  Brachio- 
poda correspond  with  those  which  extend  into  the  **test"  of  that  class.  See  the 
Anthor^s  account  of  these,  in  his  description  of  *'  The  Intimate  Structure  of  the  Shells 
of  BrachiopodOy"  forming  part  of  the  Introduction  to  Mr.  Davidson's  Monograph  already 
dted  (p.  80). 
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the  venoas  sinuses  from  the  general  sarface  of  the  mantle,  which  still  con- 
tinues to  act  as  a  respiratory  organ,  althoagh  the  proper  branchiae  of  the 

Fig.  123. 


Pinna  marina  laid  open,  to  show  the  arrangement  of  the  Circniating  Apparatna : — A,  mootb; 
B,  foot;  c,  digitiform  appendage  to  the  foot;  d,  byssas ;  E,  labial  tentacala ;  F,  F,  branehtei 
those  of  the  right  side  being  in  place,  those  of  the  left  being  divided  near  their  anterior  ettre- 
mit.y,  and  turned  back,  so  ai  to  expose  their  anterior  surface ;  o,  o,  the  mantle,  of  which  the 
left  lobe  has  been  detached  and  folded  back  ;  h,  posterior  adductor  muscle ;  i,  first  stoDseb, 
covered  by  the  liver;  k,  retractor  muscles  of  the  foot;  L,  anus  ;  u,  glandular  organ,  probaUj 
urinary ;  between  this  organ  and  the  branchise  of  the  right  side  is  seen  the  second  atomteh: 
a,  aortic  ventricle ;  a',  anterior  portion  of  this  rentriole,  passing  round  the  rectum ;  6,  oM  ci 
the  auricles  turned  back,  the  other  being  seen  in  its  natural  position  on  the  opporiCa  tide  ef 
the  ventricle ;  e,  one  of  the  branchio-cardiac  canals;  the  other  is  seen  in  front  of  the  a^dntof 
muscle  h;  <f,  anterior  aortic  trunk;  «,  posterior  aortic  trunk; /,/,  pallial  veins,  proeet^if 
to  empty  themselves  into  the  branchio-cardiac  canals  at  ^/  A,  A,  afferent  resaislf  of  At 
branchisD  ;  f,  canal  of  communication  between  these  last,  and  the  general  lacunar  syttsavf 
the  abdomen. 

Lamellibranchiate  biyalves  are  undoubtedly  the  special  instruments  of  tUi 
function.* — ^Although  two  auricles  are  found  in  most  LamellibraochiatSi 
they  are  not  to  be  regarded  as  representing  the  two  auricles  of  air-breatUiig 
Vertebrata  (§  245),  of  which  one  receives  the  blood  from  the  system  at  large, 

V 

»  Sec  the  Memoirs  of  Prof.  Milne-Edwards  on  the  "  Circulation  in  MoUaslu,"  in  tit 
«*  Ann.  des  Sci.  Nat.,"  3*  S6r.,  Zool.,  torn,  viii.,  p.  77. 
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uid  the  other  that  which  is  transmitted  from  the  lungs ;  since  here  the  two 
auricles  bare  the  same  function,  being  both  respiratory,  and  being  merely 
repetitions  of  one  another,  separated  for  the  sake  of  convenience.  In  the 
Qtjftfer,  in  fact,  thej  are  an  I  ted  into  a  single  cavity ;  whilst  in  another  tribe, 
the  Archid^,  the  ventricle  is  divided  like  the  auricle,  in  conformity  with  the 
breadth  of  the  back  of  the  animal,  aud  the  consequent  separation  of  the 
p\\%  from  one  another. 

23§.  Among  the  Gasttropoda,  we  find  the  same  general  arrangement  of 
the  clrcniattng  system  ;  but  the  situation  of  \U  centre,  and  the  distribution 
of  its  vesBels,  present  great  variation  In  different  orders.  The  heart  (Fig, 
121,  h)  is  composed  of  a  ventricular  and  of  an  auricular  sac;  the  former  of 
which  is  usually  provided  with  walls  of  considerable  firmness,  having  mus- 
eidar  bands  interwoven  with  its  coats  and  projecting  slightly  into  its  cavity. 
In  eame  Gasteropoda^  as  in  Conchifera  in  general,  the  anrit-le  ia  double; 
and  In  a  few  genera,  even  the  ventricle  is  partly  divided  by  the  intestine 
which  posses  through  it.  The  blood,  which  is  propelled  from  the  ventricle 
by  one  principal  systemic  artery,  or  aorta  (t"),  is  distributed  by  its  branches 
{j^  it,  /)  to  the  various  organs  of  the  body  j  ia  these,  it  is  dispersed  through 
a  capillary  network  possessing  distinct  parietcBj  and  from  this  network  it 
passes,  not  into  a  proper  venous  system,  but  into  a  set  of  intercommunicat- 
ing lacuna?,  which  even  pour  it  into  the  visceral  cavity  {m,m),  so  that  it 
bathes  the  exlernal  surface  of  the  alimentary  canal.  From  a  part  of  this 
lacunar  system,  it  is  collected  Into  the  afferent  trunks,  which  di;stribnte  it  to 
the  respiratory  organs,  whether  brunchial  or  pulmonary  {d^  d)  \  and  after 

Fig.  r^i 


ktm\*imf  of  Snail: — n,  din  nth-  &  fe,  foot;  e,  anus;  dd,  fmlmaD.iTy  bug;  €,  «Uimae1i  corewd 
»Wr»  by  Mlinrjf  |ft*nd»i  //  intMllnej  gf,  liver;  K  benrt;  i,  aortic  trunk;  j,  gftalrk  artery  j 
kftttftry  or  f««l;  t*  hcpntio  nmry ;  m  i^h  flMaminn^l  envity,  P^rwrn^  alao  &i  a  Tenon i  tmuii 
lib  trftjnilar'  etitdl  com munien ting  wiib  abiloiniimJ  cnvlty,  Hbd  ^onve^ving  blotiil  to  puImoDArjr 
'  wi  ^^f  paliafrQtfj  v«ifif  returning  bbijd  from  puloionarjr  sac  to  beart. 

having  been  aerated  in  these,  it  ia  returned  to  the  auricle  by  the  bran  eh  io- 
canltac  canals,  or  pulmonary  veins  (o,  o).  Into  these,  however,  is  also 
poured  the  venons  blood  that  is  returned  by  a  portion  of  the  lacunar  sys- 
tenip  without  passing  through  the  respiratory  organs  j  so  that  the  general 

Elftf)  of  the  circnlation  strongly  resembles  that  which  we  have  seen  in  the 
-ntstoceii  (§  230),  only  a  part  of  the  blood  which  is  sent  forth  from  the 
heart,  being  eabjected  to  the  aerating  process  before  returning  to  it  again. 
The  proportion  which  thus  escapes  aeration,  however,  seems  to  differ  con- 
siderably in  the  §everal  orders  and  genera  of  the  class, — Many  curious  varie- 
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ties  in  the  arrangement  of  the  vascular  system  of  Gasteropoda  might  be 
enumerated ;  but  it  must  here  suffice  to  mention  that  they  principally  have 
reference  to  variations  in  the  condition  and  position  of  the  respiratoij 
organs,  and  do  not  present  any  essential  departures  from  the  type  just  de* 
scribed.  Thus  in  Haliotis  and  Patella,  certain  parts  of  the  arterial  system 
present  the  lacunar  condition ;  and  in  Tethys,  the  branchio-cardiac  canals 
unite  into  an  immense  venous  sinus,  which  occupies  the  dorsal  region,  and 
which  is  only  separated  from  the  visceral  cavity  by  a  thin  membrane.^  In 
DoriSf*  eigeAn,  the  skin  appears  to  act  in  a  considerable  degree  as  a  respi- 
ratory organ ;  and  the  blood  which  has  been  distributed  to  the  foot  and  to  ib» 
greater  number  of  the  viscera,  u  conveyed,  not  through  the  branchial  circle, 
but  through  a  network  of  vessels  in  the  sWn,  before  returning  to  the  heart; 
it  being  only  the  blood  which  has  traversed  the  liver,  kidneys,  and  ovarii 
that  is  sent  for  aeration  to  the  special  respiratory  apparatus  (Fig.  143).  In 
Eolis,  which  has  no  other  respiratory  organ  than  the  skin  and  its  papillfls, 
the  blood  which  has  passed  through  the  internal  organs  finds  its  way  to  the 
surface  through  an  intermediate  system  of  lacunae ;  and  after  being  then 
aerated,  is  carried  back  to  the  heart  by  branchio-cardiac  canals.* — In  Gtf- 
teropod  Mollusks,  as  in  the  higher  Crustacea,  we  find  the  liver  very  largely 
developed,  and  supplied  with  blood  by  a  large  arterial  trunk  (Fig.  50,  o). 
Some  yet  more  special  provision  for  supplying  blood  to  the  liver  is  not  on- 
frequently  met  with ;  the  most  remarkable  at  present  known  beinff  in  JDmi, 
which  has  a  peculiar  contractile  cavity,  freely  conmiunicating  wim  the  peri- 
cardium (which  seems  to  act  as  a  kind  of  auricle  to  it)  situated  at  the  com- 
mencement of  what  may  be  designated  the  "portal  system"  of  the  lirtf. 
Yenous  blood  is  returned  into  the  pericardium  from  the  body,  without 
passing  through  the  skin ;  and  this,  having  been  distributed  through  the 
liver  by  vessels  proceeding  from  the  "  portal  heart,"  is  collected  by  a  sygtcm 
of  more  definite  veins  than  are  seen  elsewhere,  and  is  conducted  to  the 
branchial  circle,  after  passing  through  which,  it  is  returned  to  the  systemic 
heart.  As  in  higher  animals,  moreover,  the  liver  is  supplied  with  arterial 
blood  by  a  branch  of  the  aorta ;  and  this,  like  the  blood  of  the  portal  sys- 
tem, is  collected  by  the  hepatic  veins,  and  is  sent  to  the  branchial  circle  for 
aeration.* 

239.  Hitherto,  we  have  usually  found  the  respiratory  organs,  whether 
branchial  or  pulmonary,  interposed  between  the  capillaries  of  the  system 
and  the  central  propelling  cavity ;  the  canals  which  collect  the  blood  firom 
the  different  organs  of  the  body,  uniting  only  to  distribute  it  again,  with- 
out any  fresh  impulse  being  given  to  their  contents.  The  only  instance  of 
the  interposition  of  anything  like  an  impelling  cavity  between  the  systemic 
and  the  respiratory  vessels,  was  seen  in  certain  Annelida,  which  are  pro- 
vided with  branchial  hearts  (§  222).  Now  in  Fishes,  the  heart  is  entueff 
respiratory,  the  arterial  trunk  which  proceeds  from  it  being  distributed  i 

1  See  Prof.  MIhie-Edwards*s  account  of  the  Circulation  in  these  Mollaaks,  in  tkt 
Memoirs  last  referred  to. 

*  See  Messrs.  Hancock  and  Embleton*s  Memoir  "On  the  Anatomy  of  Doriflk"  b 
"Philos.  Transact,"  1862,  p.  228. 

*  An  attempt  was  made  by  M.  de  Quatrefages,  to  show  that  the  NudibrmtdMtM' 
lusca  (Fig.  104^  differ  from  other  Gasteropoda  in  the  deficiency  of  a  proper  leMM 
system;  but  tlus  has  been  negatived,  on  the  one  hand,  by  the  discovery  that  in  tki 
Qasteropoda  in  general  the  systemic  venous  circulation  is  lacunar;  whilst,  on  the  ottir 
hand,  the  Nudibranchiata  have  been  proved  to  possess,  like  other  Gasteropoda,  prop*' 
branchio-cardiac  canals.  (See  the  Anatomy  of  Eolis,  by  Messrs.  Alder  and  Haneofft 
in  their  Monograph  of  the  '^Nudibranchiate  Mollusca,"  published  by  the  Ray  8ociet|*) 

*  Ilancock  and  Embleton,  loc,  ciL 
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ODce  to  the  gills ^  and  the  blood  whlcli  has  been  aerated  to  them  being  re* 
turned  into  a  sjsteniie  artery  or  aorta,  whence  it  proceeds  to  the  body  at 
large  \  and  in  the  class  of  Cephalopoda,  especially  in  the  Dibranchiate  order, 
we  meet  with  a  condidon  of  the  circulating  apparatus,  which  manifestly 
establishes  the  transition  between  that  of  the  Mollasca  in  general,  and  that 
which  is  peculiar  to  Fishes.  The  symmie  heart  of  the  Octopm  consists  of 
only  one  cavity  or  rentricle  (Fig.  125,  p),  which  is  usually  of  a  nearly  glo- 
bular form,  tolerably  strong  and  muscular,  and  exhibits  on  its  internal  sur- 
face  bundles   of    fibres 

{cametE  columns)  inter-  Fig.  12i* 

lacing  with  one  another, 
as  well  as  distinct  valves 
pmteetini^  the  orifices 
by  which  the  blood  en- 
ters it.  The  aorta  (q), 
aad  the  liranches  which 
proceed  from  it,  distri- 
bttte  arterial  blood  to  the 
general  system ;  and  this 
is  returned  by  means  of 
a  rejmlar  system  of  veins 
P  ■\"i  distinct  pari- 

L  nchoneisseen 

at  r.  Uf  these,  however, 
one  pair  opens  directly 
Into  the  visceral  cavity, 
which  thns,  as  in  the  in- 
ferior Mollusca,  is  made 
to  take  part  in  the  ve- 
nous eircDlation*  By  the 
union  of  the  Esy^temie 
TEJBS  OB  either  side,  the 
blood  k  conveyed,  not 
inuiediately  to  the  gills, 
tflin  the  other  Molluiica, 
but  to  two  sujjoradded 
cavities,  or 
iiearls  (^),  one 
of  which  is  situated  in 
connection  with  each 
row  of  gills.  These 
branchial  ventricles  are 
less  powerful  than  that 
which  propels  the  blood 
throngh  the  system  ;  but 
they  are  still  sufficiently 
muscular  and  contractile 
to  accelerate  the  cirenln- 
tion  til  rough  the  respira- 
tory organs,  and  thus  to 
pripare  the  blood  for  the 
■oateutatton  of  the  mus- 
eaiar  ejtertxons  which 
ire  required  for  the  supe- 


Atiitomy  of  OMopuM^  the  nnimal  Ucln^  laid  op^a  011  I  lie  f  flu- 
tml  side^  Jind  the  inrtsriwr  wall  t>f  the  nbdqmliiiil  cttvityi  wiUi 
(he  tirer,  baving  bucn  rem o red  ^ — n,  er,  Usao  of  tbo  tentaeulu, 
ifttb  tbo  iuckere  a'n  on  th^ir  inner  iarf.iG«;  *,  bwl;  d^  ejo  \ 
tif  df  iDaoUo  turiiod  bnck;  e,  futitiol;  /^  d&shj  miaLti  fmrouod* 
ing  the  mouth  -,  g,  mltvnrj  gUuds  of  the  first  pair ;  A,«»liTir¥ 
glands  uf  tlio  sccotid  pulr,  ^ith  lliclr  tufpensorjr  lignuienti  A% 
Aud  their  C3Ccr«tory  caoAl  A"  j  £,  {B9Q|ibagus  \  jr  crop ;  k,  sto- 
mach \  i,  Bpirall;^  convolated  cmt*\  appcndnjifa  (nitJiinentttry 
pancreas?)  j  m,  comnj^iiGeiiiFnt  orinte«tinnl  Itibej  witb  biliary 
canal  on  fojcbaldt;  n/,  inie«tifial  ei>Rto1uti<»n  |  m*\  ttoal  ex- 
Iremityt  tnrmsd  iJoi^nward* mid  t^  ono  tido  ;  n,  ovarium;  h',  f/ , 
ov|duct«r  of  which  the  ohq  ii  in  Iti  natural  positioa,  lusd  tb« 
oth<;r  turtle d  downwardi  j  0,  o,  branchiffl  ;  jj>  heart ;  q^  a«c©nd- 
ifjg  AortA  ;  f^i  Tenons  trunk  pn^fing  towiirdi  tbo  pulniooarj 
heart ;  r^,  its  glandLrorm  appendage;  t,  pultrionary  b^artr  ^r, 
branchial  arttrj  ;  I,  brancrhial  vdo  i  u,  k,  bulbotia  dilatation* 
of  bmn chin- cardiac  T«ilii. 
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rior  locomotive  powers  of  these  animals,  as  well  as  for  the  general  activity 
of  the  functions  of  their  highly-organized  bodies.  The  blood  that  has  been 
thus  impelled  through  the  branchial  arteries  («'),  is  returned  in  an  aerated 
condition  by  the  branchial  veins  (t),  which  unite  into  a  single  branchio- 
cardiac  canal  on  each  side.  These  canals,  before  entering  the  ventricle, 
present  dilatations  (m,  w),  which  have  been  usually  regarded  as  mere 
sinuses;  but  as  they  have  been  observed  to  be  distinctly  contractile,  they 
must  be  considered  as  in  some  degree  representing  the  double  auricles  of 
the  lower  MoUusca. — Here,  therefore,  we  find  sketched  out,  as  it  were,  the 
complicated  form  of  the  vascular  system  in  warm-blooded  animals  possessed 
of  a  complete  double  circulation  ;  the  trunks  which  convey  the  blood  to  the 
respiratory  organs  being  furnished,  like  that  which  distributes  it  to  the 
system  at  large,  with  an  impelling  cavity,  by  which  a  constant  and  regular 
current  is  maintained.  In  the  Tetrabranchiate  order,  on  the  other  hand,  of 
which  the  Nautilus  is  the  type,  the  vascular  system  presents  nearly  the  same 
arrangement  as  in  the  (Gasteropoda ;  for  the  veins  that  return  the  blood 
from  the  system  enter  a  common  sinus,  which  has  not,  however,  a  distinctly' 
muscular  character,  and  does  not  seem  to  possess  contractile  powers ;  and 
from  this  proceed  the  four  branchial  trunks  which  distribute  the  blood  to 
the  two  pairs  of  gills,  whence  it  is  conveyed  back  to  the  heart  or  systemic 
ventricle  by  branchio-cardiac  canals. — From  various  parts  of  the  systemic 
venous  trunks,  both  in  the  Tetrabranchiate  and  Dibranchiate  orders,  a 
curious  series  of  follicles  or  little  sacs  is  seen  to  proceed,  forming  spongy 
masses,  sometimes  of  considerable  size  (Fig.  125,  r').  The  use  of  these  is 
not  certainly  known.  Their  glandular  aspect,  and  the  distribution  of  arte- 
rial branches  over  their  surface,  joined  with  the  peculiar  character  of  the 
fluid  found  in  them,  has  caused  them  to  be  regarded  as  secreting  organs, 
destined  to  purify  the  circulating  fluid ;  and  it  has  been  thought  probable 
that  they  are  really  Kidneys. 

240.  The  complete  restriction  of  the  circulating  current  to  the  proper 
vascular  system,  to  which  we  have  seen  that  the  higher  Cephalopoda  pre- 
sent a  near  approximation,  is  one  of  the  typical  distinctions  of  the  Yerte- 
brated  series,  throughout  which  it  universally  prevails.  For  in  no  instance 
does  the  blood,  in  any  part  of  its  course,  escape  into  the  general  cavity  of 
the  body,  or  dififuse  itself  interstitially  among  the  tissues ;  the  introdnction 
of  fresh  nutrient  materials  into  the  circulating  current,  is  no  longer  accon- 
plished  by  transudation  through  the  walls  of  the  alimentary  canal  into  the 
surrounding  space,  but  is  effected  by  absorbent  vessels  distributed  upon  its 
lining  membrane  (§  182) ;  and  a  special  system  of  vessels  is  also  provided 
for  the  reabsorption  of  any  superfluous  nutritive  materials,  that  may  hife 
remained  unappropriated  by  the  tissues  into  which  they  have  transaded 
from  the  capillary  network  (§  183). — In  other  respects,  we  pass  from  the 
higher  Cephalopods  to  Fishes  without  any  marked  alteration  in  the  type  of 
the  Circulating  apparatus ;  save  that  which  is  evolved  in  the  higher  proti- 
sions  here  made  for  the  aeration  of  the  blood.  The  single  ventricle  of  the 
heart  (Fig.  126,  a'),  the  cavity  of  which  possesses  firm  musculcur  parietes, 
propels  the  blood  at  once  to  the  gills,  through  an  arterial  trunk  (c),  whid 
presents  a  bulbous  enlargement  (a")  at  its  origin;  this  hulbus  arteruMi 
as  it  is  termed,  will  be  hereafter  shown  to  exist  at  an  early  period  of  def«" 
lopment  in  the  higher  Yertebrata,  and  to  conduce  towards  the  formatioi 
of  the  two  principal  trunks,  which  are  subsequently  to  arise  from  the  heart 
(§  256).  This  trunk  ^bdivides  into  four  or  five  branches  on  each  flidft 
(a,  c',c',c',c'),  which  run  along  the  branchial  arches,  sending  ramifica- 
tions to  every  filament.    After  being  thus  aerated,  the  blood  is  collected 
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by  the  bmncbial  Teins,  d,  into  the  great  sjstemic  artery  or  aorta,  which 
then  distributes  it  to  the  Uifferent  orfi^ans  of  the  body ;  and  thence  it  is  re- 
tarned  to  the  auricle  by  the  systemic  veins  (^\  ^'\  ^'"),  which,  before 
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ATiftTomT  nf  l^p  Cirrulnrmg  appurmttu  Atid  other  vifeera  of  ft  Finh :- — ct,  AtincTo;  n',  vfntrJcle ; 

\m^'  irhin  of  ibe  bmachiAl  trunk  ci  b*  sinus  vettasui^  h\  tmak  itid  iinut  of  tb« 

|p>  ^",  f^f^Bt  retioui  trunks  from  the  locomotire  orj^Qfl;  f ',  venous  trunki  from 

^ .   —    .,  ^-lai,  IWcr,  kidueyft.  goneraiive  App^imtu^,  and  atr-bladd^f ;  c,  bmaebiftl  artery, 

lltlnjT  off  n  branch  to  ench  bmiicbinl  arob  j  d^  bmncbial  Tein?,  wba^e  union  foriDa  the  »ortio 

pnk  that  suppltca  the  body  with  Artcrinl  blood*  tbo  head  &nd  heart  being  supplied  hj  arteries, 

ftf,  irblch  ariginate  immfrdintolj  in  tho  branchial  veins;  e^  visceral  brnEich  of  tho  aorta;  t/, 

^  fUvmX  imtik,  fiipplying  the  apparatus  of  locomotion;  1,  O(?sophagus;  2^  Htomacb;  3^  paocreAtie 

^^^K«a;  I,  9i»*iTI  intesiino;  5,  Urge  intestine  and  reetuni-  6,  liver;  7,  renul  organi;  8,  urinary 

bladdtr;  9^  organ*  of  fC^nerai ion ;  10,  swimmio^  bladder. 

41,  XHagram  of  tho  Jlzarif  to  ehow  tbo  eottrio  of  the  blood  tbrongb  ilj  Iho  refer«itoea  aa 
ibore. 

1'  ^t,  unite  In  a  large  dilatation,  the  *mu*  t'^na#i«  (&). — The  circle 

j  ibed  iippears  simple  in  character;  but  it  possesses  one  peculiarity 

whieh  is  worth  notice,  aa  foreshadowing  more  important  modi  li  cation  a  in 
higher  classes.  Two  or  three  small  arteriea  are  usually  seen  passing  off 
from  the  brancltial  arches,  so  as  to  convey  the  pure  aerated  blood  directly 
to  the  head,  instead  of  trauBmittinj?:  it  to  the  general  systemic  trunk.  It 
will  be  hereafter  shown  that  a  similar  provision  exists  in  the  Crocodile,  and 
has  A  Tery  important  purpose  in  its  economy ;  and  that  the  same  condition 
is  manifrked  up  to  the  termination  of  the  embryo  state  of  the  higher  Ter- 
tehratn.  ineludlng  the  Human  species. — Of  the  blood  which  is  being  re- 
turned by  the  veins  from  the  systemic  capillaries,  a  part  is  diverted  into 
another  ehaiiBel  before  reaching  the  heart ;  for  the  veins  of  the  digestiro 
ami  generative  organs,  together  with  a  part  of  those  proceeding  from  the 
pi)-tcrior  part  of  the  body  and  tail,  reunite  into  trunks  which  convey  the 
bhx*d  to  the  Iher  and  kidneys?;  and  it  is  nLiontely  distributed  through  these 
orpins,  in  order  that  it  may  undergo  purification  by  the  elimination  of  their 
respective  secretions.  After  this  process  has  taken  place,  the  blood  is  con- 
veyed to  the  heart  by  the  hepatic  and  renal  veins,  which  enter  the  vena  cava, 
or  proceed  direct  to* the  sinus  Tenosas,  Thus  the  portal  circulation,  m  it 
i^  termedj  holds  precisely  the  same  relation  to  the  general  circulation  in 
Fblies,  as  did  the  respiratory  circulation  in  the  Crustacea  and  the  inferior 
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Mollusca;  being  interposed,  for  the  pnrification  of  the  blood  which  has 
circulated  through  the  system,  between  a  part  of  its  capillaries  and  the 
heart. 

241.  The  foregoing  is  the  general  plan  upon  which  the  Circulating  appa- 
ratus of  Fishes  is  constructed ;  but  there  are  some  remarkable  departures 
from  it,  which  require  special  notice.  The  most  important  of  these  is  that 
which  is  presented  in  the  Amphioxus,  the  condition  of  whose  sanguiferous 
system  almost  carries  us  back  to  the  type  of  Eunice  (§  222) ;  for  tlie  im- 
pelling power  is  not  here  concentrated  in  a  single  organ,  but  is  distributed 
among  a  number  of  separate  pulsatile  dilatations  developed  upon  the  vas- 
cular trunks.  Thus,  we  have  not  only  a  principal  branchial  heart  (Fig. 
127,  ov),  which  corresponds  in  its  position  to  the  heart  of  the  higher  Fishes; 

Fig.  127. 

F.I   '   '• 


Diagram  of  the  Anatomy  of  Amphioxut  or  Branchiottoma  (Lancelet); — eh,ekf  eborda  dor- 
soHb;  n,M,  fibro-membranous  wall  of  neuml  canal;  ol,  olfactory  oaprale;  op,  optic  nerr«;o^ 
trigeminal  nenres;  md,mdf  neural  axis;  he,  branchial  vein;  ha,  branchial  artery;  I,  I,  hepa- 
tic ciecam,  opening  at  hh;  py,  cardiac  ori6ce;  h,  renal  organ;  y,  caadal  extremity  of  ncm 
axis;  at,  anas;  «V,  intestine;  od,  abdominal  pore;  or,  cardiac  sinus;  r,r,r,  dilated  osfopbagii^ 
with  branchial  fissures;  ph,  pharyngeal  orifice;  g,g,  vascular  intra-buoeal  proeeasea;  A;  oMti- 
laginous  arch,  supporting/,/,  the  ciliated  labial  tentacula. 

but  there  is  also  a  minute  contractile  bulb  at  the  origin  of  each  branchial 
artery,  so  that  there  are  from  twenty-five  to  fifty  of  these  bulbs  on  either 
side.     The  arterial  arches,  also,  at  the  anterior  extremity  of  the  body,  ap- 
pear to  be  contractile.     The  venous  system,  too,  is  furnished  with  its  own 
pulsatile  dilatations ;  for  a  venous  heart  is  developed  upon  the  Tena  cava 
or  great  dorsal  vein,  and  another  upon  the  trunk  of  the  vena  portse,  which 
runs  along  the  ventral  side  of  the  intestine. — Some  traces  of  a  similar 
arrangement  may  be  seen  in  other  Fishes,  especially  in  those  of  the  Carti- 
laginous gproup.     Thus  in  Myxine  there  is  a  portal  heart,  which  contradi 
n^larly,  and  assists  in  maintaining  the  portal  circulation;  in  Chimara^ 
vKioh  has  no  bulbus  arteriosus,  each  of  the  pair  of  large  arteries  given  off 
•!b.»ai  the  aorta  to  the  pectoral  fins,  has  a  contractile  bulb  at  its  ori^;  and 
^  vulsating  dilatation  is  found  at  the  extremity  of  the  tail  of  the  Etl,  when 
.^  ''^^•^ws  the  blood  from  the  delicate  veins  of  the  end  of  the  caodal  fin, 
Hnt  9«v^|H>l8  it  into  the  caudal  vein — There  is  another  set  of  modificaticHU, 
Kivtti*^.  i«  the  Circulating  apparatus  of  Fishes,  which  conducts  us  towaidi 
fw  ^f^j^lian  tyi^e.     For  there  are  numerous  instances  in  which  the  fibk 
t^insL  vfa  ^«^  or  more  of  the  branchial  arches  remain  undeveloped ;  so  that 
■iv  lATtjrr  ^  that  arch,  instead  of  subdividing  into  capillaries,  carries  at 
t«  •« vv«i  jff  <^»Cf>  into  the  aorta ;  and  thus  the  fluid  transmitted  through 
H««  -vttik  ^  t^  mtem  has  only  in  part  undergone  aeration,  the  head, 
...•v««n-:  ^^•^tic  *I«y»  supplied  with  pure  arterial  blood  from  the  branchiil 
-u^     /^^aotr-v^liy  with  this  change,  we  find  some  provision  for  a6«^ 
^,  ^  *«^«%^tv'ii :  rithor  in  the  advanced  development  of  the  air-bladdff 
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Into  a  radimentarj  lang,  to  which  air  gains  access  through  a  tracheal  canal, 
tfs  in  the  Leptdasteus  and  Polypterus,  the  two  existing  representatives  of 
the  great  «Saiiroi(/ family  so  abundant  in  the  earlier  periods  of  the  Earth's 
history;  or  in  the  development  of  peculiar  organs,  analogous  to  these  in 
function,  but  not  homologous  in  structure,  being  saccular  prolongations  of 
the  lining  membrane  of  one  of  the  gill-chambers,  such  as  are  found  in  the 
Cuckia,  an  eel-like  fish  of  the  Ganges,  and  in  some  others  of  the  Fame 
tribe  (§  307).  The  blood  is  sent  to  these  pulmonary  organs  by  prolonga- 
tions of  the  branchial  arteries,  and  is  returned  from  them  in  an  aerated 
state  into  the  aorta.  In  some  of  the  Fishes  whose  Reptilian  affinities  arc 
the  greatest,  there  is  a  slight  indication  of  that  subdivision  of  the  bulbus 
arteriosus  into  two  distinct  trunks,  which  takes  place  during  the  develop- 
ment of  higher  animals  (§  258). 

242.  Quitting  now  those  classes  which  are  modified  for  existing  in  water, 
and  passing  on  to  the  air-breathing  Yertebrata,  we  find  that  very  important 
modifications  of  the  Circulating  system  are  necessary,  to  adapt  these  ani- 
mals to  the  conditions  of  atmospheric  respiration.  It  is  evident  that  the 
blood  will  be  aerated  much  more  rapidly  when  exposed  to  the  air  itself,  than 
when  merely  submitted  to  the  small  quantity  which  is  diffused  through  the 
watery  element.  If,  therefore,  the  whole  amount  of  the  circulating  fluid 
be  thus  exposed,  the  changes  which  it  undergoes  will  be  performed  with 
such  increased  energy,  that,  if  the  other  vital  processes  be  made  to  conform 
to  them,  a  '*  warm-blooded"  animal  is  produced  at  once.  But  as  lieptiles 
are  intended  to  lead  a  life  of  comparative  inertness,  and  to  exist  in  circum- 
stances which  would  be  fatal  to  animals  of  higher  organization,  the  respira- 
tory process  is  reduced  in  amount,  by  the  peculiar  arrangement  of  the 
sangoiferous  system  now  to  be  described.  The  ventricle  of  the  heart  is 
either  single  (which  is  the  case  in  Batracfna)  or  it  is  divided  by  an  imper- 
fect septum  (as  in  most  of  the  higher  orders),  so  that  the  blood  which  is 
poured  into  it  from  its  two  side's  can  mingle  more  or  less  freely  in  its  cavity. 
From  this  ventricle  (Fig.  128,  a)  a  single  tntncus  arteriosus  is  given  off, 
which  distributes  the  blood,  by  a  series  of  arches  (rf,  d')  very  closely  resem- 
bling the  branchial  arches  of  Fish — partly  to  the  system,  through  the  cephalic 
and  brachial  arteries  (c,,/)  which  come  off  from  the  first  and  second  bran- 
chial arches,  and  through  the  aorta  (ff^  g')  which  is  formed  by  the  union  of 
the  second  pair  with  branches  from  the  third — and  partly  to  the  lungs 
through  the  pulmonary  arteries  {h,  /*').  In  some  of  the  higher  Reptiles,  the 
pulmonary  and  systemic  trunks  are  kept  distinct  at  their  origin,  by  the 
diviflion  of  the  "truncus  arteriosus,"  the  former  arising  from  the  right,  and 
Uie  latter  from  the  left  side,  of  the  partially  divided  ventricular  cavity ;  still, 
the  general  appearance  of  branchial  arches  is  preserved ;  and  a  part  of  the 
blo<M[  expelled  by  each  contraction  of  the  ventricle,  is  sent  to  supply  the 
requirements  of  the  nutritive  system,  and  a  part  is  separated  for  aeration. 
The  pure  arterialized  blood  which  returns  from  the  lung  by  the  pulmonary 
Tdns  (#)  is  conveyed  to  the  left  auricle  (c) ;  whilst  the  venous  blood  which 
is  transmitted  by  the  systemic  veins  {g,  r)  enters  the  right  (6) ;  hence  these 
two  auricles  are  not  repetitions  of  one  another,  but  have  distinct  functions. 
Both  empty  themselves  into  the  ventricle,  in  which  the  blood  derived  from 
these  different  sources  is  mixed,  and  from  which  one  part  is  again  sent  to 
the  body,  and  another  transmitted  to  the  lungs  (t).  The  portal  system  of 
Reptiles  corresponds  with  that  of  Fishes,  in  the  circumstance  that  the  kid- 
neys are  supplied  by  it  with  venous  blood,  as  well  as  the  liver ;  and  also  in 
deriving  part  of  its  supply  from  the  veins  of  the  tail,  posterior  extremities, 
and  genital  organs,  instead  of  (as  in  higher  animals)  from  the  veins  of  the 
18 
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digestive  organs  alone. 


Fig.  128. 
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The  degree  in  which  the  renal,  hepatic,  and  portal 
circulations  are  united,  how- 
ever, and  in  which  they  are 
supplied    from    the    systemic 
veins,   differs  considerably  in 
the  several  orders ;  the  closest 
approximation  to  Fishes  being 
presented  (as  might  be  antici- 
pated) in  the  order  Batrachia. 
243.  Although  the  foregoing 
may  be  regarded  as  the  general 
type  of  the  Circulating  appa- 
ratus in  the  class  of  Reptiles, 
yet  there  are  some  very  curious 
modifications  of   it,  some  of 
which  connect  it  very  closdj 
with  that  of  Fishes,  and  others 
with  that  of  Birds  and  Mun- 
mals.    The  former  are  shown 
in  the  several  genera  of  Penn- 
nihranchiate  AmphUna  (|  299), 
which  present  us  with  a  veiy 
complete  series  of  traositioiULl 
forms  connecting  the  two  dais- 
es ;  and  also  in  the  progress  of 
the  metamorphosis  of  the  Bo' 
trachta,  which  in  their  tadpole 
or  larva  condition  nuut  be  re- 
garded as  Fishes  in  every  ement- 
tial  particular  of  their  orgaoi* 
zation.   Their  circulation  is  for 
a  time  performed  exactly  upon 
the  same  plan  as  in  thatdass; 
the  blood   being  transmitted 
from  the  simple  bilocular  heart 
to  the  branchial  arches,  then 
being  propelled  throng  the 
branchial  filaments,  and  after 
aeration      being      circolatad 
through    the    system.      The 
mode  in  which  the  trmnsiUon  is 
effected  from  this  condition  of 
the  vascular  organs,  to  that 
which  they  present  in  the  per 
feet  Reptile  state  of  the  aniinalj 
described  in  the  precedingpara- 
graph,  will  be  rendered  iotell- 
gible  by  the  accompanying  figures.     In  Fig.  129  is  seen  the  arrangemeatof 
parts  before  the  metamorphosis  has  commenced.    Three  branchial  trunks  tke 
(od,  ab)  pass  off  on  each  side  of  the  heart,  terminating  in  a  minute  capQlaiy 
network  which  is  contained  in  the  branchial  arches  (6r*,  br*,  5r*),  and  bj 
which  the  blood  is  aerated  during  the  aquatic  existence  of  the  animal ;  flras 
this  network  the  returning  vessels  take  their  origin,  which  unite  into  tnmki 
(v,  6),  one  for  each  gill ;  and  of  these  the  first  gives  off  the  main  arteries 


tf   - 


Cironlatinf  Apparatns  of  Lvmrd  : — a,  single  ventri- 
ole;  (,  right  auricle;  e,  left  auricle;  d  d',  right  and 
left  aortic  arches;  e,  carotid  artery;/,  brachial  ar- 
tery; g,  tf,  Tentral  aorta;  A,  V,  palmonary  arteries; 
•',  lang;  lb,  stomach ;  I,  intestine;  tn,  liver;  ii,  kidney; 
o,  Tena  portss ;  p,  gastric  rein ;  q,  vena  cava  ascen* 
dens;  r,  reoa  cara  descendens;  «,  palmonary  reins. 
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(t,  t)  to  the  head,  while  the  second  and  third  unite  into  the  two  trunks  (c) 
which  coalesce  to  fonn  the  great  systemic  artery  (a,  v),  as  in  Fishes.  But, 
besides  these  vessels,  there  are  some  small  uudereloped  branches,  which 

Fig.  129. 
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Betpiratory  Circulation  of  the  Tadpole  in  its  first  state : — a,  arterial  bulb,  giving  off  three 
pain  of  braaehial  arteriei,  ttb,  to  supplj  the  gills,  br  1.  br  2,  br  3,  from  which  return  the  bran- 
chial Taiaa,  v(/  by  the  vnion  of  the  second  and  third  of  these  are  formed  the  two  arches,  c, 
which  eoalaiet  to  form  the  aortic  trunk  av ;  from  the  first  pair  are  giren  off  the  cephalic 
•rtcriea*  U  t/  and  another  trunk,  a,  isdderived  on  each  side  from  the  aortic  arch  ;  ap,  pulmo- 
mary  aitariM  ai  yet  mdimentary ;  between  the  branchial  arteries  and  their  respective  veins 
al  th«  baae  of  the  gillii  are  minute  inosculating  twigs,  the  position  of  which  is  better  seen  in 
the  aoeeecding  flgnrei. 


establish  a  commnnication  between  each  branchial  artery  and  the  returning 
trank  that  corresponds  with  it.  There  is  also  a  fourth  small  trunk  given 
off  from  the  heart,  which  unites  with  another  small  branch  from  the  aorta, 
to  fonn  the  pulmonary 

•iteriea  (ap^  op),  which  Fig.  180. 

■redistributed  upon  the 
(as  jet)  rudimentary 
Isngs.  After  the  meta- 
flK>rpho8Ui  has  beg^n, 
however,  bj  which  the 
animal  firom  a  Fish  has 
to  be  converted  into  a 
Reptile,  the  branches 
(Fig.  180,  1,3,3)  that 
eonneci  the  arteries  of 
the  gniB  with  their  re- 
tnming  trnnks  are  much 
inereased  in  sixe,  so  that 
a  laif^  part  of  the 
blood  flows  continuous- 
I J  through  them  without 
bidng  sent  to  the  g^ls 
at  all,  and  the  branchial  vessels  (6r\  br\  br^)  are  themselves  relatively 
diminished;  whilst  at  the  same  time,  the  pulmonary  trunks  (ap,  ap),  which 
were  before  the  smallest,  become  the  largest,  so  that  an  increased  propor- 
tion of  blood  is  sent  to  the  lungs.  By  a  continuance  of  these  changes,  the 
branchial  vessels  gradually  become  obliterated,  and  the  communicating 
branches,  which  were  at  first  like  secondary  or  irregular  channels,  now  form 
part  of  tlie  continuous  line  of  the  circulation  (Fig.  131) ;  the  upper  one 


The  same  in  a  more  advanced  state;  the  eommnnicating 
twigi,  as  well  as  the  pnlmoDarj  arteries,  being  now  greatlj 
enlarged  in  proportion  to  the  branchial  vessels. 
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Fig.  131. 


The  lame  in  the  perfect  Frog  ;  the  vessels 
of  the  brsnchiaB,  being  now  atrophied,  the 
eommunicating  twigs,  now  become  the  prin- 
cipal channels  for  the  direct  passage  of  the 
blood  from  the  branchial  arteries  to  the  ce- 
phalic vessels,  the  aortic  arches,  and  the 
pulmonary  arteries. 


sending  ofif  the  cephalic  vessels,  the  second  and  third  unitlDg  to  supply  the 

trank,  and  the  fourth  passing  as  before 
to  the  lungs. — ^Turning  from  these  to 
the  Perennibranchtataf  we  find  in  the 
Lepidosiren  a  plan  of  circulation  bat 
little  elevated  above  that  which  has 
been  JQst  described  as  existing  in  cer- 
tain Fishes  that  present  approxima- 
tions to  the  Reptilian  class.  The  ven- 
tricular cavity  is  single,  and  gives  off 
but  one  primary  trunk,  which  is  fur- 
nished with  a  "bulbus  arteriosus." 
This  trunk  subdivides  into  six  pairs  of 
branchial  arteries;  of  which  the  1st, 
4th,  5th,  and  6th  are  distributed  to  the 
branchial  fringes;  whilst  the  2d  and 
3d  are  not  thus  distributed,  their  arches 
having  no  gills  attached  to  them,  bat 
reunite  to  form  the  aortic  trunk,  first 
giving  off,  however,  the  pulmonary 
arteries.  Thus,  the  blood  which  finds 
its  way  into  the  aorta,  consists  partly 
of  that  which  has  been  aerated  in  tiie 
branchiffi,  and  partly  of  that  which 
has  passed  to  it  direct  from  the  heart 
But  that  which  is  transmitted  from  the  heart  is  itself  of  mixed  quality,  as  in 
Reptiles ;  for  the  pulmonary  vein  passes  through  the  systemic  auricle,  and 
discharges  itself  directly  into  the  ventricle,  where  its  aerated  blood  is  min- 
gled with  that  returned  by  the  systemic  veins. — In  the  Proteus,  the  arrange- 
ment of  the  vascular  system  permanently  resembles  that  which  has  been 
represented  as  intermediate  between  the  larva  and  the  perfect  condition  of 
the  Frog.  This  animal  is  provided  with  lungs  slightly  developed,  as  well 
as  with  permanent  gills ;  and  the  blood  which  is  expelled  from  the  ven- 
tricle is  partly  transmitted  through  the  gills,  partly  finds  its  way  directhr 
into  the  aorta  by  means  of  the  communicating  branches,  while  a  smaU 
quantity  is  transmitted  to  the  lungs ;  the  latter  is  returned  perfectly  arte- 
rialized  to  the  auricle  here  developed  upon  the  pulmonary  vein,  and  is  aft^ 
wards  mixed  in  the  ventricle  with  the  venoos  blood  transmitted  from  the 
systemic  auricle. 

244.  In  many  of  the  higher  Reptiles,  on  the  other  hand,  we  find  the 
cavity  of  the  ventricle  more  or  less  perfectly  divided  into  two,  and  the  pul- 
monary circulation  more  completely  separated  from  the  systemic.  Thus, 
in  the  Lacerta  ocellata  (spotted  lizard),  whose  ventricle  is  partly  divided, 
the  right  side  of  it,  into  which  the  systemic  auricle  discharges  itself,  giv€f 
off  the  pulmonary  trunks,  so  that  a  large  proportion  of  the  venous  blood 
brought  back  from  the  system  is  transmitted  to  the  lungs  for  aeration;  aid 
this  being  returned  to  the  pulmonary  auricle  is  discharged  into  the  leftside 
of  the  ventricle,  from  which  the  systemic  arteries  proceed.  As  long  M 
there  is  any  direct  communication,  however,  between  the  two  sides  of  tbe 
heart,  it  is  obvious  that  a  part  of  the  blood  returned  from  the  systenie 
veins  may  be  sent  immediately  into  the  aortic  trunks,  without  being  pre^ 
ously  arterialized ;  whilst  in  proportion  to  the  degree  in  which  the  septntt 
is  complete,  will  be  the  approach  of  the  animal  towards  the  condition  of 
the  warm-blooded  Yertebrata.     The  distribution  of  the  vessels  has  a  eoBp 
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siderable  effect  apon  the  character  of  the  fluid  with  which  individual  organs 
are  supplied;  for  in  Reptiles  which  manifest  this  separation  to  a  consider- 
able extent,  a  part  of  the  blood  transmitted  to  the  system  has  still  a  venous 
character,  whilst  that  which  is  furnished  to  the  brain  and  upper  ])art  of  the 
body  is  purely  arterial.  This  difference  arises  from  the  fact,  that  of  the 
two  arches  which  unite  to  form  the  aortic  trunk,  one  is  connected  with  the 
right  and  the  other  with  the  left  side  of  the  ventricle ;  the  latter  receives 
chiefly  the  arterial  blood  from  the  left  or  pulmonary  auricle,  and  this  gives 
of  branches  which  convey  it  without  admixture  to  the  head ;  while  the 
main  trunk  passes  on  to  unite  with  the  second  aortic  arch,  which  arises  from 
the  right  side  of  the  heart,  and  which  is  consequently  supplied  chiefly  with 
Tenons  blood,  that  has  been  brought  back  from  the  system  into  the  right 
auricle.  This  second  arch,  before  its  union  with  the  first,  however,  gives 
off  a  large  branch,  which  is  distributed  to  the  intestines  and  other  viscera, 
and  which,  therefore,  contains  venous  blood  with  little  admixture  of  arterial ; 
and  the  common  aortic  trunk  formed  by  the  union  of  the  two  arches,  con- 
veys mixed  arterial  and  venous  blood  to  the  remainder  of  the  trunk  and 
members.  It  is  beautiful  to  observe  how  by  these  simple  contrivances  the 
greatest  economy  of  material  is  obtained,  whilst  each  organ  is  supplied 
with  blood  sufficiently  oxygenated  to  maintain  its  functions. — The  Croco- 
dile presents  us  with  a  condition  of  the  vascular  system  still  more  allied  to 
that  of  warm-blooded  Vertebrata ;  the  ventricular  septum  being  complete, 
and  the  circulation,  as  far  as  the  heart  is  concerned,  being  truly  double. 
Still,  however,  whilst  the  principal  aortic  trunk  arises  from  the  left  ventricle, 
which  contains  nothing  but  artcrializcd  blood,  a  second  arch  arises  from  the 
right  (or  venous  side)  along  with  the  pulmonary  artery,  of  which  it  might 
abnost  be  considered  a  branch ;  and  this,  after  giving  off  its  intestinal 
branches,  enters  the  first  trunk,  which  has  already  furnished  the  cerebral 
arteries  with  pure  arterial  blood,  and  transmits  the  mixed  fluid  to  the  rest 
of  the  system.  There  is  another  communication  between  the  trunks  arising 
from  the  two  sides  of  the  heart,  by  means  of  an  aperture  which  passes 
through  their  adjoining  walls  just  after  their  origin ;  so  that  although  the 
blood  in  the  heart  is  entirely  venous  on  one  side  and  arterial  on  the  other, 
it  undergoes  admixture  in  the  vessels  according  to  the  character  of  the 
functions  to  which  it  is  to  minister.  We  shall  presently  see  a  remarkable 
analogy  to  this  distribution  of  the  vascular  system,  exhibited  in  the  foetal 
condition  of  Birds  and  Mammals  (§  258). 

245.  In  the  highest  form  of  the  Circulating  system,  that  possessed  by 
the  "warm-blooded"  Vertebrata,  Birds  and  Mammals,  there  is  a  complete 
double  circulation  of  the  blood;  each  portion  of  it,  which  has  passed 
through  the  capillaries  of  the  system,  being  aerated  in  the  lungs,  before 
being  again  distributed  to  the  body.  This  is  effected  by  a  form  of  the 
Tascnlar  apparatus,  of  which  a  sketch  was  presented  in  the  Cephalopoda 
(§  239),  and  to  which  a  near  approach  is  exhibited  by  the  higher  lleptiles. 
The  heart  consists  of  four  cavities,  two  auricles  and  two  ventricles ;  those 
of  the  right  or  venous  side  having  no  direct  communication  with  those  of 
the  left  or  arterial  side ;  and  the  vessels  proceeding  from  them  being  entirely 
distinct,  and  having  no  connection  whatever,  except  at  their  capillary  ter- 
minations. The  blood  transmitted  by  the  great  reins  of  the  system  to  the 
rigki  auricle  or  receiving  cavity,  passes  into  the  ventricle  or  propelling 
caTity,  and  is  transmitted  by  it  through  the  pulmonary  arteries  to  the  lungs 
of  the  two  sides.  After  being  there  arterialized  by  exposure  to  the  atmo- 
sphere, it  is  brought  back  to  the  left  auricle ;  and  having  been  poured  by 
it  into  the  corresponding  ventricle,  is  transmitted  through  the  great  sys- 
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temic  artery  or  aorta  to  the  most  distant  parts  of  the  body  (Fig.  182).  The 
heart  is,  therefore,  completely  daplex  in  structure,  and,  so  far  as  its  functions 
are  concerned,  might  be  regarded  as  consisting  of  two 
distinct  portions ;  for  economy  of  material,  however, 
these  are  united,  the  partition  between  the  yentricles 
serving  as  the  wall  to  each.  In  the  Dugong  (one  of 
the  aquatic  Pachydermata),  however,  the  heart  is  bifid 
at  its  apex,  and  thus  presents  a  partial  division  into 
two  separate  organs,  not  only  functionally  but  struc- 
turally.— The  portal  circulation  is  limited  in  Mam- 
malia to  the  liver,  the  kidneys  being  supplied  with 
arterial  blood  only.  In  Birds,  however,  we  find  a 
trace  of  that  arrangement  of  this  peculiar  offset  from 
the  general  circulation,  which  has  been  pointed  out 
as  existing  in  Reptiles  and  Fishes;  for  the  great 
portal  trunk  receives  its  blood,  not  only  from  the  veins 
of  the  digestive  apparatus,  as  in  Mammalia,  but  also 
by  branches  from  those  of  the  pelvis  and  posterior 
extremities ;  and  it  ^ill  conmiunicates  with  the  renal 
circulation,  although  this  connecting  branch  seems 
rather  destined  to  convey  blood  from  than  tataardi 
the  kidney. 

246.  Various  peculiarities  in  the  distribution  of  the 
sanguiferous  system,  which  are  presented  by  different 
orders  of  Birds  and  Mammals,  would  be  .worthy  of 
notice  if  our  limits  permitted.  Of  these,  one  of  the 
most  remarkable  is  the  modification  both  of  the  venous 
and  arterial  trunks,  existing  in  the  Oetttcea  and  other 
diving  animals,  which  are  occasionally  prevented  from 
respiring  for  some  time,  and  in  which,  therefore,  the 
arterialization  of  the  blood  is  checked.  Various  ar- 
teries of  the  trunk  are  here  found  to  assume  a  ramified 
and  convoluted  form,  so  that  a  large  quantity  of  blood 
may  be  retained  in  the  reservoirs  formed  by  uiese  plex- 
uses ;  whilst  the  venous  trunks  exhibit  similar  dilata- 
tions, capable  of  being  distended  with  the  blood  which 
has  been  transmitted  through  the  system,  so  as  to  pre- 
vent the  heart  from  being  loaded  with  the  impure  fluid, 
whilst  the  lungs  have  not  the  power  of  arterializing  it.  In  some  diving  animals, 
this  object  is  effected,  not  so  much  by  a  number  of  venous  plexuses,  as  by  a 
single  great  dilatation  of  the  vena  cava  before  it  enters  the  heart,  resembling 

the  **  sinus  venosus"  of  Fishes ^In  other  instances,  the  force  with  which  the 

blood  is  sent  to  particular  organs  seems  to  be  purposely  diminished,  by  the 
division  of  the  trunk  that  conveys  it,  into  a  number  of  smaller  vessels,  which, 
after  a  tortuous  course  unite  again  and  are  distributed  in  the  usual  maimer. 
A  structure  of  this  kind  is  found  in  the  arteries  of  the  long-necked  gracing 
animals,  to  which  the  blood  would  be  transmitted  with  too  great  an  impe- 
tus, owing  to  the  additional  influence  of  gravitation,  were  it  not  retarded 
by  such  a  contrivance.  "A  similar  distribution  of  the  arteries  is  found  hi 
the  trunks  supplying  the  limbs  of  the  Sloths,  and  of  other  animals  which 
resemble  them  in  tardiness  of  movement.  In  other  cases,  the  arterial  canah 
are  specially  protected  from  compression  by  surrounding  organs,  in  order 
that  there  may  be  no  obstruction  to  the  passage  of  blood  uirough  them, 
and  that  they  may  be  guarded  from  injury ;  thus,  in  the  fore-leg  of  ths 


Diagram  of  the  Circu- 
lating apparatus  in  Mam- 
maU  and  Bird* : — a,  the 
heart,  containing  four 
cavities;  6,  rona  cava, 
delivering  venous  blood 
into  c,  the  right  auricle; 
df  the  right  ventricle 
propelling  venous  blood 
through  e,  the  pulmon- 
ary artery,  to/„  the  ca- 
pillaries of  the  lungs :  g, 
the  left  auricle,  receiving 
the  aerated  blood  from 
the  pulmonary  rein,  and 
delivering  it  to  the  left 
ventricle,  k,  which  pro- 
pels it  through  the  aorta, 
if  to  the  systemic  capil- 
laries,/, whence  it  is  col- 
lected by  the  veins,  and 
carried  back  to  the  heart 
through  the  vena  cava,  b. 
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Lion,  where  all  possible  force  and  energy  is  to  be  attained,  the  main  artery 
is  made  to  pass  throogh  a  perforation  in  the  bone,  as  if  to  secure  it  from 
the  pressure  of  the  rigid  muscles,  which,  when  in  a  state  of  contraction, 
might  otherwise  altogether  check  the  current  through  it.  In  most  Mam- 
mals, as  in  Afan,  the  right  anterior  extremity  is  more  directly  supplied  with 
blood  from  the  aorta  than  the  left ;  so  that  the  superior  strength  and  ac- 
tivity of  this  limb  would  seem  to  be  not  altogether  the  result  of  habit  and 
education,  as  some  have  supposed ;  in  Birds,  however,  where  any  inequality 
in  the  powers  of  the  two  wings  would  have  prevented  the  necessary  regu- 
larity in  the  actions  of  flight,  the  aorta  gives  off  its  branches  to  the  two 
sides  with  perfect  equality.  Some  further  peculiarities  in  the  distribution 
of  the  arterial  system  will  be  hereafter  noticed  (§  263). 

247.  Having  now  traced  the  Sanguiferous  system  to  its  highest  form,  it 
is  proper  to  inquire  how  far  this  differs  functionally  from  that  simple  con- 
dition which  it  presents  in  the  lowest  tribes  in  which  it  has  any  distinct  ex- 
istence. There  can  be  no  doubt  that,  in  the  higher  animals  possessed  of  a 
distinct  muscular  heart,  Ms  is  the  chief  agent  in  keeping  up,  by  its  succes- 
sive contractions  and  dilatations,  the  motion  of  the  blood  through  the  ves- 
sels. Bat  a  careful  survey  of  all  the  phenomena  of  the  circulation  would 
seem  to  lead  to  the  conclusion,  that  the  impulse  of  the  heart  is  not  the  only 
means  by  which  the  motion  of  the  blood  is  sustained ;  but  that  an  addi- 
tional impulse  is  given  by  the  contraction  of  the  muscular  walls  of  the 
arteries,  upon  the  jets  of  blood  successively  impelled  into  them  by  the  heart ; 
and  that  the  changes  which  this  fluid  undergoes  in  the  capillaries  have  some 
share  in  its  production,  and  have  at  any  rate  a  very  considerable  modifying 
effect  upon  the  quantity  transmitted  through  the  individual  organs.  We 
have  seen  that  in  Vegetables  the  lactiferous  circulation  is  entirely  capillary; 
that  in  the  Holothuria  there  is  no  central  contractile  organ  which  seems 
powerful  enough  to  impel  the  blood  through  all  the  minute  ramifications  of 
its  yascolar  system ;  whilst  even  in  the  higher  Articulata,  and  in  all  Mol- 
Insca  save  the  Cephalopods,  so  large  a  part  of  the  systemic  circulation  is 
"lacunar,"  that  it  seems  impossible  to  imagine  that  the  action  of  the  heart 
can  urge  the  blood  through  the  branchial  vessels  which  succeed.  Some 
more  "  diffused"  forces,  therefore,  would  seem  to  be  in  operation ;  and  the 
following  are  among  the  facts  which  appear  to  support  the  conclusion,  that, 
even  in  tiie  highest  animals,  these  most  general  forces  are  not  obliterated, 
bat  are  merely  superseded  by  the  energy  of  the  special  organ,  which  is  de- 
Teloped  as  the  centre  of  the  whole  circulation,  and  which  is  endowed  with 
an  amonnt  of  power  sufficient  to  govern  and  harmonize  the  numerous  ac- 
tions going  on  in  different  parts  of  the  system. 

248.  In  many  warm-blooded  Yertebrata,  and  still  more  in  the  cold-blooded 
Reptiles  (amongst  which  the  vitality  of  individual  parts  much  longer  sur- 
mes  injury  to  the  general  system),  motion  of  blood  in  the  capillaries  has 
been  seen  to  continue  for  some  time  after  the  heart  has  ceased  to  act  or  has 
been  removed,  or  after  the  great  vessels  have  been  tied ;  and  this  motion 
may  be  immediately  checked  by  certain  applications  to  the  parts  themselves. 
After  most  kinds  of  slow  natural  death,  the  arterial  trunks  and  left  side  of 
the  heart  are  foand  to  l)e  almost  or  even  completely  empty,  and  the  venous 
caTities  to  be  fall  of  blood.*    This  effect  has  been  ascribed  to  the  contrac- 

■  It  hat  been  obferred  by  Dr.  Bennett  Dowler,  that  in  the  bodies  of  individuals  tcIio 
luTe  died  of  yellow  ferer,  the  external  veins  frequently  become  so  distended  with  blood 
mlkm  a  few  mmuUi  after  the  cessation  of  the  heart's  action,  that,  when  they  are  opened, 
the  blood  flows  in  a  fUl  stream,  as  in  ordinary  bloodletting.  ("  New  Orleans  Med.  and 
Bvg,  Jonra./'  Jan.  1849.) 
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tion  of  the  arterial  tabes  after  the  heart  has  ceased  to  beat ;  bat  it  seems 
iinpo.ssil)le  that  it  can  be  entirely  due  to  that  cause,  since  their  caliber  is 
not  found  to  have  diminished  in  a  proportional  degree ;  it  mast  be  partly 
attributed  to  a  continuance  of  the  capillary  movement,  after  the  general 
systemic  circulation  has  ceased.  The  continuance  of  varioas  processes  of 
secretion,  and  even  of  nutrition,  subsequently  to  general  or  somatie  death, 
aflfords  an  excellent  proof  of  this  lingering  vitality ;  and  it  is  scarcely  pos- 
sible that  these  can  be  maintained  without  some  degree  of  capillary  circu- 
lation. There  are  certain  kinds  of  sudden  death,  however,  in  which  the 
vitality  of  the  whole  system  appears  to  be  simultaneously  destroyed,  and 
the  blood  remains  in  the  vessels  as  it  was  at  the  moment  of  decease. — Far- 
ther, a  careful  examination  of  the  circulation  in  the  living  animal  discloses 
many  irregularities  in  the  rate  of  the  capillary  currents,  which  it  is  impossi- 
ble to  attribute  to  an  influence  derived  from  the  heart  or  from  the  vessels 
that  supply  them ;  and  such  variations  may  present  themselves,  either  in  the 
capillary  network  of  a  part,  or  in  a  portion  of  it ;  the  circulation  taking 
place  with  diminished  rapidity  in  one  spot,  and  with  increased  energy  in 
another,  though  both  are  supplied  by  the  same  trunk.  The  change  some- 
times extends  to  a  complete  reversal  of  the  direction  of  the  movement,  in 
certain  of  the  transverse  or  communicating  branches ;  this  movement  tiiJcing 
place,  of  course,  from  the  stronger  towards  the  weaker  current ;  and  not 
unfrequently  an  entire  stagnation,  of  longer  or  shorter  duration,  precedes 
the  alteration  of  the  direction.  Irregularities  of  this  kind  are  most  neqnent, 
when  the  heart's  action  is  enfeebled  or  partially  interrupted ;  and  it  wonld 
thus  appear  that  the  local  influences  by  which  they  are  produced,  are  ove^ 
come  by  the  propelling  power  of  the  central  organ,  when  this  is  acting  with 
its  full  vigor.  When  the  whole  current  has  nearly  stagnated,  and  a  fresh 
impulse  from  the  heart  renews  it,  the  movement  is  seldom  uniform  through 
the  entire  plexus  supplied  by  one  trunk;  but  is  much  greater  in  some  of  the 
tubes  than  in  others — the  variation  being  in  no  degree  connected  with  their 
size,  and  being  very  different  in  its  amount  at  short  intervals. 

249.  Amongst  the  most  remarkable  proofs  of  the  influence  of  forces  gene^ 
ated  in  the  Capillary  circulation,  on  the  general  distribution  of  the  blood, 
is  one  derived  from  the  observation  of  organs  which  undergo  changes  in 
activity  that  are  quite  independent  of  alterations  in  the  heart's  action.  Thus, 
when  the  uterus  begins  to  develop  itself  during  pregnancy,  the  nnnsnal 
activity  of  its  nutritive  operations  induces  an  increased  demand  for  blood 
in  its  capillary  circulation,  which  is  supplied  by  an  increase  in  the  diameter 
of  the  trunks  that  transmit  fluid  to  the  organ ;  and  this  is  entirely  inde- 
pendent of  any  increased  energy  in  the  heart's  action,  which  woald  have 
afl*ected  the  whole  system  alike.  The  same  may  be  said  of  the  occasional 
development  of  the  mammae  for  the  secretion  of  milk ;  of  the  rash  of  blood 
through  these  organs  during  the  act  of  suckling ;  and  of  similar  change  in 
other  parts,  of  which  the  activity  is  not  constant  or  uniform.  In  certaiB 
diseased  states,  also,  of  particular  portions  of  the  system,  which  do  not 
occasion  any  appreciable  alteration  in  the  heart's  action,  the  qnantitj  of 
blood  sent  to  the  part  is  much  increased,  and  the  pulsation  of  the  artmal 
trunk  leading  to  it  is  evidently  stronger  than  that  of  the  corresponding  ves- 
sels on  the  outside  of  the  body.  These  phenomena,  and  many  others  which 
might  be  mentioned,  are  evidently  analogous  to  one  formerly  stated  tf 
having  been  ascertained  by  experiments  on  Plants  (§  201) ;  and,  whoi 
taken  in  connection,  they  seem  to  indicate  without  much  doubt,  that  the 
quantity  of  blood  sent  to  individual  organs,  and  the  force  with  which  it  ii 
transmitted  through  them,  are  augmented  with  any  increase  of  energy  in 
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the  vital  processes  taking  place  in  them,  the  vis  d  tergo  derived  from  the 
impalsive  power  of  the  heart  remaining  the  same. — Additional*  evidence  of 
the  influence  of  the  forces  generated  in  the  capillaries,  on  the  general  circu- 
lation, is  derived  from  cases  in  which  the  normal  changes  to  which  the 
capillary  circulation  ministers  are  suspended,  and  in  which  it  then  appears 
that  the  heart's  impulse  is  not  alone  sufficient  to  maintain  the  current  of 
blood.  One  of  the  most  conclusive  of  these  proofs  is  drawn  from  the  phe- 
nomena of  Atphyxia,  or  suffocation ;  since  it  now  seems  distinctly  ascer- 
tained, that  the  check  given  to  the  circulation,  and  thence  to  all  the  other 
functions,  arises  from  the  stagnation  of  the  blood  in  the  capillaries  of  the 
lungs,  consequent  upon  the  cessation  of  the  reaction  between  that  fluid  and 
the  air.*  So  again,  cases  of  spontaneous  gangrene  of  the  lower  extremities 
are  by  no  means  of  unfrequent  occurrence,  in  which  the  local  stagnation  of 
the  circulation  has  been  clearly  dependent  upon  the  cessation  of  the  nutrient 
actions  to  which  it  was  subservient ;  it  being  found,  by  examination  of  the 
limb,  after  its  removal,  that  both  the  larger  tubes  and  the  capillaries  were 
pervious  throughout,  so  that  no  mechanical  impediment  existed,  to  prevent 
the  propulsive  power  of  the  heart  from  transmitting  the  blood  through  them. 
The  influence  of  the  prolonged  application  of  cold  to  a  part,  may  be  referred 
to  in  support  of  the  same  general  proposition ;  for  although  the  caliber  of 
the  vessels  is  diminished  by  this  agent,  yet  their  contraction  is  not  sufficient 
to  account  for  that  complete  cessation  of  the  flow  of  blood  through  them, 
which  precedes  the  entire  loss  of  their  vitality. — ^A  periodical  retardation 
or  suspension  of  the  circulation  in  particular  portions  of  the  body,  unac- 
companied by  any  other  ostensible  change,  and  not  dependent  upon  any 
ftilnre  of  the  heart's  power,  is  by  no  means  an  uncommon  phenomenon. 
It  frequently  presents  itself,  for  example,  in  one  of  the  fingers ;  and  a  curious 
case  is  recorded  by  Dr.  Graves,"  in  which  the  whole  of  one  leg  was  thus 
affected,  with  remarkable  periodicity,  for  about  twelve  hours  out  of  the 
twenty-four;  whilst  in  the  intervals  the  circulation  in  the  limb  was  unusu- 
ally active,  the  action  of  the  heart  being  quite  natural  throughout,  and  the 
circulation  in  the  rest  of  the  body  not  being  in  the  least  affected. 

250.  In  the  development  of  the  embryo  of  the  higher  Vertebrated  ani- 
mals, moreover,  there  is  a  period  at  which  a  distinct  movement  of  red  blood 
is  seen,  before  any  pulsating  vessel  can  be  detected  to  possess  an  influence 
over  it  (§  255).  Further,  instances  not  very  unfrequently  occur,  of  foetuses 
having  attained  nearly  their  full  development,  which  have  been  unpossessed 
of  a  heart,  and  in  which  the  circulation  has  been,  as  it  were,  entirely  capil- 
laiy ;  and  although  in  most,  if  not  all,  of  these  cases,  the  monster  has  been 
accompanied  by  a  perfect  child,  the  heart  of  which  may  have  been  suspected 
to  have  influenced  its  owti  circulation,  yet,  in  one  of  those  most  recently 
examined,  the  occurrence  of  this  has  been  disproved.  From  a  careful  ex- 
amination of  the  vascular  system,  it  appeared  impossible  that  the  heart  of 
the  twin  foetus  could  have  caused  the  movement  of  blood  in  the  imperfect 
one ;  and  this  must,  therefore,  have  been  maintained  by  forces  arising  out 
of  the  nutritive  changes  occurring  in  the  capillaries.' 

>  For  %  fhller  diBCOSsion  of  this  part  of  tbo  subject  thiin  tho  limits  of  tliis  treatise  per- 
mit, see  the  Aathor's  **  Human  Physiology^'  ({  575),  5th  Am.  Ed.,  and  his  Article  on 
Atpkjfxia^  in  the  ** Library  of  Practical  Medicine."  See  also  the  very  conclusiTc  expe- 
riments of  his  late  Talned  fHend  Dr.  John  Reid,  in  tho  £dinb.  Med.  and  Surg.  Journal" 
for  April,  1841;  and  Dr.  Reid's  "Physiological,  Pathological,  and  Anatomical  Ro- 
■MTches,"  Chap.  11. 

'  **  Leetarea  on  Clinical  Medicine,"  second  Am.  £d. 

*  For  the  detoiU  of  this  interesting  case,  which  was  communicated  by  Dr.  Ilouston  of 
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251.  All  these  circamstanees  indicate  that  the  moyement  of  blood  through 
the  Capillaries  is  very  much  influenced  by  local  forces ;  although  these  forces 
are  not  sufficiently  powerful,  in  the  fully-developed  state  of  the  higher  ani- 
mals, to  maintain  it  by  themselves.  And  from  other  facts  it  appears,  that 
the  conditions  necessary  for  the  energetic  flow  of  blood  through  these  ves- 
sels, are  nothing  else  than  the  active  performance  of  the  nutntive  and  other 
operations,  to  which  its  movement  is  subservient. — The  principle  already 
noticed  (§  205)  as  having  been  developed  by  Prof.  Draper,  seems  fully  ade- 
quate to  explain  these  phenomena.  It  will  be  convenient  to  take  the 
Respiratory  circulation  as  an  example  of  its  application ;  since  the  changes 
to  which  this  is  subservient,  are  more  simple  than  those  which  take  place 
elsewhere.  The  venous  blood  transmitted  to  the  lungs,  and  the  oxygen  in 
the  pulmonary  cells,  have  a  mutual  attraction,  which  is  satisfied  by  the 
exchange  of  oxygen  and  carbonic  acid  that  takes  place  through  the  walls 
of  the  capillaries ;  but  when  the  blood  has  become  arterialized,  it  no  longer 
has  any  such  attraction  for  the  air.  The  venous  blood,  therefore,  will  drive 
the  arterial  before  it,  in  the  pulmonary  capillaries,  whilst  respiration  is  pro- 
perly going  on ;  but  if  the  supply  of  oxygen  be  interrupted,  so  that  the  blood 
is  no  longer  aerated,  no  change  in  the  affinities  takes  place  whilst  it  traverses 
the  capillary  network ;  the  blood,  continuing  venous,  still  retains  its  need 
of  a  change  and  its  attraction  for  the  walls  of  the  capillaries ;  and  its  egress 
into  the  pulmonary  veins  is  thus  resisted,  rather  than  aided,  by  the  force 
generated  in  the  lungs. — In  the  Systemic  circulation,  the  changes  are  of  i 
much  more  complex  nature,  every  distinct  organ  attracting  to  itself  the 
peculiar  substances  which  it  requires  as  the  materials  of  its  own  nutrition; 
and  the  nature  of  the  affinities  thus  generated  will  be  consequently  different 
in  each  case.  But  the  same  principle  holds  good  in  all  instances.  Thus, 
the  blood  conveyed  to  the  liver  by  the  portal  vein,  contains  the  materials 
at  the  expense  of  which  the  bile-secreting  cells  are  developed ;  consequently 
the  tissue  of  the  liver,  whicb  is  principally  made  up  of  these  cells,  possesses 
a  certain  degree  of  affinity  or  attraction  for  blood  containing  such  materials ; 
and  this  is  diminished,  so  soon  as  they  have  been  drawn  from  it  into  the 
cells  around.  Consequently,  the  blood  of  the  portal  vein  will  drive  before 
it,  into  the  hepatic  vein,  the  blood  which  has  already  traversed  the  capilla- 
ries of  the  portal  system,  and  which  has  given  up,  in  doing  so,  the  elements 
of  bile  to  the  solid  tissues  of  the  liver. 

252.  We  are  now  prepared,  therefore,  to  understand  the  general  prin- 
ciple, that  the  rapidity  of  the  local  circulation  of  a  part  will  depend  in 
gpreat  measure  upon  the  activity  of  the  functional  changes  taking  place  in 
3iat  part — the  heart's  action,  and  the  state  of  the  general  circalation,  re- 
maining the  same.  When,  by  the  heightened  vitality,  or  the  nnusail 
exercise,  of  any  organ,  the  changes  which  the  blood  naturally  nndergoei 
in  it  are  increased  in  amount,  the  affinities  which  draw  the  arterial  blood 
into  the  capillaries  are  stronger,  and  are  more  speedily  satisfied,  and  the 
venous  blood  is  therefore  driven  out  with  increased  energy.  Thus,  a  larger 
quantity  of  blood  will  pass  through  the  capillaries  of  the  part  in  a  gives 
time,  without  any  enlargement  of  their  caliber,  or  even  though  it  be  some 

Dublin  to  the  BritiBh  Association  in  1836,  see  the  "British  and  Foreign  Medical  Bt* 
view,"  vol.  ii.  p.  696,  and  the  *«  Dublin  Medical  Journal'*  for  1887.  An  attempt  mi 
made  by  Dr.  Marshall  Hall  («£dinb.  Monthly  Journal,"  1848)  to  disproTcDr.  Hooatoa'i 
inferences ;  but  a  most  satisfactory  reply  was  made  by  Dr.  H.  in  the  **DubUn  JounaT 
for  Jan.  1844.  See  also  the  "  Edinb.  Med.  and  Surf^.  Journal,"  July,  1844.--A  similtf 
case  is  recorded  by  Dr.  Jackson,  of  Boston  (N.  £.)  in  the  '<  American  Joomal  of  tbi 
Medical  Sciences,"  Feb.  1888. 
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nrhat  diminished ;  bat  the  size  of  the  arteries  by  which  it  is  convejcd  soon 
undergoes  an  increase,  adapting  them  to  snpplj  the  increased  demand.  Any 
circumstance,  then,  which  increases  the  functional  energy  of  a  part,  or 
stimulates  it  to  increased  nutrition,  will  occasion  an  increase  in  tlie  supply 
of  blood,  altogether  irrespectively  of  any  change  in  the  heart's  action.  This 
principle  has  long  been  known,  and  has  been  expressed  in  the  concise 
adage  "  Ubi  stimulus^  ibi  fltixus  ;^^  which  those  Physiologists,  who  affirm 
that  the  Circulation  is  maintained  and  governed  by  the  heart  alone,  cast  into 
onmerited  neglect 

253.  The  development  of  that  Circulating  system  which  has  been  described 
as  peculiar  to  the  higher  classes  of  Yertebrated  animals,  is  not  completed 
until  the  moment  of  birth ;  and  the  progressive  changes  which  the  heart  and 
vascular  apparatus  undergo,  in  the  evolution  of  the  foetus  of  Birds  and 
Mammals,  aJSbrd  a  most  beautiful  illustration  of  the  principles  already  laid 
down  (§  T4),  respecting  the  amount  of  correspondence  between  the  transi- 
tory stages  of  each  system  in  the  higher  animals,  and  the  forms  permanently 
exhibited  by  the  lower.  It  has  been  seen  that  in  the  organs  of  Circulation, 
as  well  as  in  all  others,  the  tendency,  as  we  rise  from  their  lowest  to  their 
highest  condition,  is  one  of  specialization.  In  the  simplest  Animals,  as  in 
Plants,  whatever  motion  of  fluid  takes  place  is  effected  in  each  individual 
part  by  and  far  itself;  whilst  in  the  complex  and  highly-developed  struc- 
tures that  occupy  the  other  extremity  of  the  scale,  the  evolution  of  a  power- 
ful organ  of  impulsion,  the  influence  of  which  extends  over  the  whole  system, 
has  superseded  the  diffused  agency  by  which  the  circulation  was  previously 
maintained.  This  progress  from  a  more  general  to  a  more  special  type  is 
equally  manifested  in  the  vascular  system  of  the  embryo ;  and  the  analogy 
wnich  thus  arises  between  the  forms  it  presents  at  different  epochs  of  its 
development,  and  those  presented  by  the  lower  tribes  of  animals,  is  not 
saperficial  only,  but  extends  even  to  minute  particulars.  The  egg  of  the 
Bird  affords  the  best  opportunity  for  studying  the  early  changes  which  it 
undergoes,  and  these  have  been  determined  with  great  minuteness ;  but  such 
a  sketch  of  them  only  can  here  be  given,  as  will  serve  to  illustrate  the  prin- 
ciples allnded  to.  The  preliminary  stages  of  the  process  will  be  described 
in  their  proper  place  (Chap.  XI). 

254.  At  an  early  period  of  incubation,  the  yolk  is  found  to  be  enveloped 
by  a  "germinal  membrane,"  composed  of  distinct  cells,  which  is  divisible 
into  tliree  layers ;  and  a  thickened  portion  of  this  is  easily  distinguishable, 
at  which  the  embryo'  will  be  subsequently  evolved.  The  middle  layer  gives 
origin  to  the  Circulating  system,  and  is  therefore  termed  the  vascular  layer. 
The  thickened  portion  of  this,  that  surrounds  the  germ,  soon  becomes 
stndded  with  numerous  irregular  points  and  marks  of  a  dark  yellow  color ; 
and  as  incubation  proceeds,  these  points  become  more  apparent,  and  arc 
gradually  elongated  into  small  lines,  which  are  united  together,  first  in  small 
groups,  and  then  into  one  network,  so  as  to  form  what  is  called  the  Fa«- 
ddar  area  (Fig.  133).  A  large  dark  spot  of  a  similar  kind  is  seen  in  the 
situation  to  be  subsequently  occupied  by  the  heart.  These  dark  points  and 
lines  are  formed  by  collections  of  blood-corpuscles,  which  originate  in  the 
transformation  of  the  cells  of  the  embryo  and  of  the  germinal  membrane ; 
and  the  rows  and  masses  of  blood-disks  seem  at  first  to  lie  in  mere  chan- 
nels, the  walls  of  the  heart  and  bloodvessels,  that  8u1)sequently  inclose 
them,  being  of  later  formation.  From  the  first,  however,  a  definite  plan  is 
perceptible;  the  network  of  capillaries  that  is  formed  over  the  vascular 
area,  being  supplied  with  blood  by  the  ramifications  of  a  pair  of  arterial 
trunks/,/;  whilst  the  blood  is  collected  from  them  by  the  circular  venous 
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U  alreaily  circoIatiDg,  coalesce  with  them,  and  thus  reoeire  tlie  camnt  iato 
th<;ir  own  cavities,  to  transmit  it  to  some  other  ressel ;  bat  in  tke  aeeoad, 
the  new  Tessels  are  formed  entirely  bv  outgrowth  firom  thofle  already  exirt- 
inK(^S211). 

255.  The  first  rodiment  of  the  Heart  appears  abont  the  STtli  boor,  and 
is  a  mass  of  cells,  of  which  the  innermost  soon  break  down,  so  as  to  fon 
a  tubular  cavity ;  for  some  time  it  is  simple  and  nndinded,  extending  hov- 
trtiT,  through  nearly  the  whole  length  of  the  embryo ;  but  the  postcriflr 
part  may  be  regarded  as  corresponding  with  the  future  aoride,  since  pio- 
longations  may  be  perceived  to  stretch  from  that  part  into  the  trutspticit 
area,  which  indicate  the  place  were  the  veins  subsequently  enter.  Altlioagh 
the  development  has  proceeded  thus  far  at  about  the  35th  hour,  no  motioi 
of  fluid  is  seen  in  the  heart  or  vessels  until  the  38th  or  40th  hour.  Wbei 
the  heart  first  begins  to  pulsate,  it  contains  only  colorless  floid  mixed  iriA 
a  few  globules.  A  movement  of  the  dark  blood  in  the  circumference  of  tke 
vascular  area  is  at  the  same  time  perceived ;  but  this  is  independent  of  tke 
contractions  of  the  heart ;  and  it  is  not  until  a  subsequent  period,  tint  i 
a  communication  is  established  between  the  heart  and  the  distant ' 
that  the  dark  fluid  contained  in  them  arrives  at  the  central  cavity,  and  ii 
propelled  by  its  pulsations.  This  fact,  which  we  have  just  seen  to  posaeM 
a  very  Important  bearing  on  the  theory  of  the  circulation,  and  which  htf 
been  denied  by  some  observers,  appears  to  have  been  positively  established 
by  the  researches  of  Von  Baer.* — ^The  contraction  of  this  dorsal  vessel  (te 

'  He  says  that  there  is  no  doubt  of  the  blood  being  formed  before  the  vessels.  Ik* 
formation  of  the  blood  goes  on  in  every  part  of  the  body ;  and  when  formed  It  is  |flK 
in  motion  by  some  unknown  cause  that  impels  it  in  the  proper  direotion,  until  at  lesglk 
it  reaches  the  central  formation  of  blood,  around  which  is  developed  a  tubular  ettvl 
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80  it  might  be  termed)  begins  at  its  posterior  extremity,  and  gradually  ex- 
tends itself  to  the  anterior;  but,  between  the  40th  and  50th  hours,  a  sepa- 
ration in  its  parts  may  bo  observed,  which  is  effected  by  a  constriction 
round  the  middle  of  the  tube ;  and  the .  dilatation  of  the  posterior  portion 
becomes  an  auricular  sac,  and  that  of  the  anterior  a  ventricular  cavity. 
Between  the  50th  and  60th  hours,  the  circulation  of  the  blood  in  the  vas- 
cular area  becomes  more  vigorous,  and  the  action  of  the  ventricle  is  no 
longer  continuous  ^ith  that  of  the  auricle,  but  seems  to  succeed  it  at  a 
separate  period.  At  the  same  time  the  tube  of  the  heart  becomes  more 
and  more  bent  together,  until  it  is  doubled ;  so  that  this  organ  now  becomes 
much  shorter  relatively  to  the  dimensions  of  the  body,  and  is  more  confined 
to  the  portion  of  the  trunk  to  which  it  is  subsequently  restricted.  The  con- 
vex side  of  the  curve  which  the  tube  presents,  is  that  which  subsequently 
becomes  the  apex  or  point  of  the  heart;  and,  between  the  60th  and  70th 
hours,  this  is  seen  to  project  forward  from  the  breast  of  the  embr}'o,  much 
in  the  situation  it  subsequently  occupies.  About  the  same  time,  the  tex- 
ture of  the  ventricle  differentiates  itself  considerably  from  that  of  the  auri- 
cle; the  auricle  retaining  the  thin  and  membranous  walls  which  it  at  first 
possessed,  while  the  ventricle  becomes  stronger  and  thicker,  both  its  internal 
and  external  surfaces  being  marked  by  the  interlacement  of  muscular  fibres, 
OS  in  the  higher  Mollusca.  About  the  65th  hour,  the  grade  of  development 
of  the  heart  may  be  regarded  as  corresponding  with  that  of  the  Fish,  the 
auricle  and  ventricle  being  perfectly  distinct ;  but  their  cavities  arc  as  yet 
quite  single. — ^The  heart  of  the  Dog  at  the  21st  day  bears  a  great  resem- 
blance to  that  of  the  Chick  at  the  55th  or  60th  hour;  it  consists  of  a  mem- 
branous tube  twisted  on  itself,  and  partially  divided  into  ^two  principal 
cavities,  besides  the  bulb  or  dilatation  which  at  this  period  is  found  at  the 
coDunencement  of  the  aorta,  and  which  corresponds  with  the  bulbus  arteri- 
osus of  Fishes. 

256.  Having  thus  traced  the  evolution  of  the  heart  of  the  Chick  up  to 
the  grade  which  it  presents  in  Fishes,  we  may  now  inquire  what  is  the  con- 
dition of  the  other  parts  of  the  vascular  system  at  the  same  time.  At  the 
end  of  the  second  day,  the  primitive  arterial  trunk  or  *'  bulbus  arteriosus" 
(Fig.  184,  a)  is  seen  to  have  given  off  two  canals,  i,  i',  which  separate 
from  one  another  to  inclose  the  pharynx,  and  then  unite  again  to  form  the 
aortic  trunk,  a,  which  passes  down  the  spine.  During  the  first  half  of  the 
third  day  (about  the  60th  hour),  a  second  pair  of  arches,  2, 2',  is  formed, 
which  encompasses  the  pharynx  in  the  same  manner ;  and  towards  the  end 
of  the  third  day,  two  other  pairs  of  vascular  arches,  3,3%  and  4,4',  are 
formed ;  so  that  the  pharynx  is  now  encompassed  by  four  pairs  of  vessels, 
which  unite  again  to  supply  the  general  circulation.  These  evidently  cor- 
respond with  the  branchial  arches  of  Fishes,  although  no  respiratory  appa- 
ratus is  connected  with  them ;  and  in  fact  the  distribution  of  the  vascular 
system  of  the  Bird,  on  the  fourth  and  fifth  days,  exactly  resembles  that  pre- 
sented by  many  Cartilaginous  Fishes,  as  well  as  by  the  larvie  of  the  Batra- 
chia.  The  first  pair  of  arches  is  obliterated  about  the  end  of  the  fourth 
day ;  but  a  pair  of  vessels,  which  are  sent  from  it  to  the  head  and  neighbor- 
ing parts,  and  which  afterwards  remain  as  the  carotid  arteries,  c,  c' ,  con- 

aflenrardB  to  he  fiirther  modified  and  changed  into  a  heart.  The  first  motions  of  the 
blood  are  toward*  the  heart,  and  conseqaently  the  first  vessels  formed  are  veint ;  a  fact 
of  itself  Bnfficient  to  disprove  the  hypothesis  that  the  motive  power  which  presides  over 
the  eirculAtioii  resides  exclusively  in  the  ventricles  of  the  heart.  — '*  Ubcr  Entwickelungs- 
gesehicte  der  Tfaiere,"  &o.    Part  II.  p.  126. 
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tinue  to  be  supplied  throngh  commnnicating  vessels,  %  s",  from  the  second 

arch.    While  the  first  pair  is  being  obliterated, 
a  fifth,  6,5%  is  formed  behind  the  fonr  which 
^  '   ^         ^^  previously  existed ;  and  proceeds,  in  the 

it^'*^^"*'^^*'"'^^^^^'  same  manner  as  the  fourth,  from  the  ascending 
Hv  *  ^f  "^'""^  *^  descending  aorta.  On  the  fourth  day, 
.-^tir-^r^-y^li  ■■!'  M'f  ^j^g  second  arch  also  becomes  less,  and  on  the 
fifth  day  it  is  wholly  obliterated ;  whilst  the 
third  and  fourth  become  stronger.  From  the 
third  arch,  now  the  most  anterior  of  those  re- 
maining,  the  arteries  are  given  off  which  snp* 
ply  the  npper  extremities,  (,  b* ;  and  the  ves- 
sels of  the  head,  c,  c\  are  now  brought  into 
connection  with  it,  by  means  of  the  commnni- 
eating  branches,  7,  t',  which  previously  joined 
the  third  with  the  second  arch.  When  these 
vessels  are  fully  developed,  the  branches,  s.r, 
by  which  these  arches  formerly  sent  their  blood 
into  the  aorta,  shrink  and  gradually  disappear; 
so  that,  by  about  the  thirteenth  or  fonrteenth 
day,  the  whole  of  the  blood  sent  through  the 
two  anterior  arches  (the  second  and  third)  is 
carried  to  the  head  and  upper  extremities,  in- 
stead of  being  transmitted  to  the  descending 
aorta  as  before.  There  now  only  remain  the 
fourth  and  fifth  pairs  of  branchial  arches;  the 
development  of  which  into  the  aorta  and  pnl* 
monary  arteries,  will  be  described  in  connec- 
tion with  the  changes  that  are  at  the  same 
time  going  on  in  the  heart. 
257.  During  the  fourth  day,  the  cavities  of  the  Heart  begin  to  be  divided, 
for  the  separation  of  the  right  and  left  auricles  and  ventricles.  About  the 
80th  hour,  the  commencement  of  the  division  of  the  auricle  is  indicated  ex- 
ternally, by  the  appearance  of  a  dark  line  on  the  upper  part  of  its  w^; 
and  this,  after  a  few  hours,  is  perceived  to  be  due  to  a  contraction,  which, 
increasing  downwards  across  the  cavity,  divides  it  into  two  nearly  sphericil 
sacs.  Of  these  the  right  is  at  first  much  the  larger,  and  receives  the  greet 
systemic  veins,  whilst  the  left  has  the  aspect  of  a  mere  appendage  to  the 
right ;  but  it  subsequently  receives  the  veins  from  the  lungs,  when  then 
organs  are  developed,  and  attains  an  increased  size.  The  septum  betweei 
the  auricles  is  by  no  means  completed  at  once;  a  large  aperture  (whick 
subsequently  becomes  the  foramen  ovale)  exists  for  some  time  at  its  lowff 
))art,  so  that  the  ventricle  continues  to  communicate  freely  with  both  aurielca 
This  i>aRflagc  is  afterwards  closed  by  the  prolongation  of  a  valvular  tcU, 
which  meets  it  in  the  opposite  direction ;  it  remains  pervious,  however, 
until  the  animal  begins  to  respire  by  the  lungs,  and  sometimes  is  not  cod- 
pletely  obliterated  even  then  The  division  of  the  ventricle  commeneci 
some  time  before  that  of  the  auricle,  and  is  effected  by  a  sort  of  duplicataie 
of  its  wall,  forming  a  fissure  on  its  exterior  and  a  projection  within ;  and  thoi 
a  septum  is  gradually  developed  within  the  cavity,  which  progressively  acqnini 
firmness,  and  rises  liigher  up,  until  it  reaches  the  entrance  to  the  bulb  of 
the  aorta,  where  sonio  rommunication  exists  for  a  day  or  two  longer.  It 
last,  however,  tlio  division  is  completed,  and  the  inter-ventricular  septum 
becomes  continu(»us  witli  tho  intor-auricular,  so  tlmt  the  heart  niay  be  hence- 


DiBgram  of  the  formation  of  tho 
great  Arterial  trunlcs  in  tlie  Chick: 
— A,  descending  aorta ;  a',  ascend- 
ing aorta ;  p,  p,  pulmonary  arto- 
ries ;  p',  their  common  trunk  ;  a, 
truncuB  arteriosus;  h,  I/,  subcla- 
vian arteries ;  c,  c',  carotid  arte- 
ries; 1. 1',  2,  Z',  3.  S',  4,  4',  5,  y, 
Ato  pairs  of  branchial  arches ;  6, 
O'f  7,  T,  communicating  branches 
which  become  the  trunks  of  the 
carotids ;  8,  8',  communicating 
branches  afterirards  obliterated; 
0,  ductus  arteriosus;  10,  aortic 
arch  of  the  left  side. 
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forth  regarded  as  a  double  organ.  The  progressive  stages  presented  in  the 
deyclopment  of  this  septum,  are  evidently  analogous  to  its  permanent  con* 
ditions  in  the  various  species  of  Reptiles  (§  244) ;  but  it  must  not  be  lost 
sight  of,  that  in  all  Reptiles  the  inter-auricular  septum  is  first  developed, 
and  that  it  is  completely  formed  in  many  instances  in  which  the  inter-ven- 
tricular septum  is  absent  or  imperfect. — The  changes  which  occur  in  the 
heart  of  the  Mammalia,  are  of  a  precisely  similar  character ;  and  as  they 
take  place  more  slowly,  they  may  be  watched  with  greater  precision.  Soon 
after  the  septum  of  the  ventricles  begins  to  be  formed  in  the  interior,  a  cor- 
responding notch  appears  on  the  exterior,  which,  as  it  gradually  deepens, 
renders  the  apex  of  the  heart  double.  This  notch  between  the  right  and 
left  ventricles  continues  to  become  deeper,  until  about  the  eighth  week  in 
the  Human  embryo,  when  the  two  ventricles  are  quite  separated  from  one 
another,  except  at  their  bases ;  this  fact  is  very  interesting,  from  its  relation 
with  the  similar  permanent  form  presented  by  the  heart  of  the  Dugong 
(§  245).  At  this  period,  the  internal  septum  is  still  imperfect,  so  that  the 
ventricular  cavities  communicate  with  each  other,  as  in  the  chick,  on  the 
fourth  day.  After  the  eighth  week,  however,  the  septum  is  comjilcte,  so 
that  the  cavities  are  entirely  insulated ;  whilst  at  the  same  time  their  external 
walls  become  more  connected  towards  their  bases,  and  the  notch  between 
them  is  diminished ;  and  at  the  end  of  the  third  month  the  ventricles  are 
veiy  little  separated  from  one  another,  though  the  place  where  the  notch 
previously  existed  is  still  strongly  marked. 

258.  Returning  again  to  the  distribution  of  the  Arterial  trunks,  we  are 
now  prepared  to  follow  their  final  modification,  by  which  they  are  adapted 
to  the  existence  which  the  individual  is  soon  to  commence  as  an  air-breathing 
animal. — The  first,  second,  and  third  (branchial)  arches  have  been  shown 
to  be  replaced  by  the  brachial  and  carotid  arteries,  and  to  have  lost  all  com- 
munication with  the  primitive  arterial  trunk  (Fig.  134,  a)  except  at  its 
commencement,  where  the  third  pair  of  arches  arises  with  the  other  trunks 
from  its  dilated  bulb.  This  remains  as  a  single  cavity,  even  after  the  ven- 
tricles have  been  separated  ;  but  towards  the  end  of  the  fifth  or  beginning 
of  the  sixth  day,  in  the  Chick,  the  bulb  becomes  flattened,  and  the  opposite 
sides  adhere  together,  so  as  to  divide  it  into  two  tubes  running  side  by  side. 
Of  these,  one  communicates  with  the  left,  and  the  other  with  the  right  ven- 
tricle. The  former,  which  subsequently  becomes  the  ascending  aorta,  a', 
is  continuous  with  the  fourth  branchial  arch,  4,  on  the  right  side  only ;  but 
from  this  the  carotid  and  brachial  arteries  arise  by  two  principal  trunks. 
This  arch  becomes  gradually  larger,  so  as  to  form  the  freest  mode  of  com- 
monication  between  the  heart  and  the  descending  aorta ;  it  subsequently 
becomes,  in  fact,  the  arch  of  the  aorta.  The  trunk  p',  which  is  connected 
with  the  right  ventricle,  on  the  other  hand,  and  which  subsequently  becomes 
the  pulmonary  artery,  transmits  its  blood  through  the  fourth  arch  of  the  left 
side,  4',  uid  the  fifth  arch, »,  of  the  right  (the  two  primary  tubes  twisting 
round  each  other) ;  but  the  fifth  arch  on  the  left  side,  &',  now  ceases  to 
convey  blood.  From  the  two  trunks,  4S6,  which  still  discharge  their 
blood  into  the  descending  aorta,  the  pulmonary  vessels,  p,  p,  branch  off  as 
Uie  Inngs  are  developed ;  and  the  prolongation,  lo,  of  the  former  of  these, 
which  previously  constituted  one  of  the  arches  of  the  descending  aorta,  soon 
afterwards  becomes  impervious.  The  original  prolongation,  o,  of  the  latter 
tmnkf  which  meets  the  descending  aorta,  still  remains ;  so  that  a  portion  of 
the  blood  sent  from  the  right  ventricle  is  transmitted  through  this  commu- 
nicating branch  directly  into  the  descending  aorta,  just  as  in  the  adult  Croco- 
dOe.   After  the  first  inspiration,  however,  the  whole  of  the  blood  transmitted 
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irough  the  pulmonary  artery  passes  into  the  langs,  and  does  not  enter  the 
orta  until  it  has  been  returned  to  the  heart ;  and  this  commimicating  ves- 
el,  which  is  termed  the  ductus  arteriosus,  soon  shrinks  and  becomes  imper- 
aous.  Thus,  the  third  pair  of  branchial  arches  becomes  converted  into  Uie 
two  arteria  innominatce,  or  common  trunks,  from  each  of  which,  in  Birds  and 
in  some  Mammals,  the  carotid  and  subclavian  arteries  of  one  side  originate. 
The  fourth  branchial  arch  of  the  right  side  becomes  the  arch  of  the  aorta. 
And  the  Jifth  branchial  arch  of  the  right  side,  with  the  fourth  of  the  Ufi^ 
become  the  right  and  left  pulmonary  arteries. — The  general  plan  of  the  changes 
which  occur  in  the  vascular  system  of  the  Mammalia  (Fig.  135) ,  is  the  same 
as  that  which  has  been  described  in  Birds,  the  differences  being  only  in 
detail ;  as,  for  instance,  that  the  aortic  arch  is  formed,  not  from  the  right, 
but  from  the  left  branchial  arch. 

259.  Up  to  the  period  of  the  hatching  of  the  ^^g  in  Birds,  and  the  sepa- 
ration of  the  foetus  from  the  parent  in  the  Mammalia,  the  circulation  retains 
some  peculiarities,  characteristic  of  the  inferior  type  which  is  permanent  in 
the  Reptile  tribes.     Of  the  blood  which  is  brought  by  the  venous  trunks  to 
the  right  auricle,  part  has  been  purified  by  transmission  to  the  respiratory 
organ  (the  aUantois  in  Birds,  and  the  phcenta  in  Mammals),  whilst  a  part 
has  been  vitiated  by  circulation  through  the  system.     The  former,  returning 
by  the  umbilical  vein  (Fig.  135,  o),  is  mixed  in  the  ascending  vena  cava 
(j),  with  the  blood  which  has  circulated  through  the  lower  extremities; 
whilst  the  descending  cava  brings  back  that  which  has  passed  through  the 
capillaries  of  the  head  and  upper  extremities,  and  which,  having  received  no 
admixture  of  arterial  blood,  is  not  fit  to  be  again  transmitted  in  the  sam^ 
condition.     It  will  be  recollected  that  a  communication  still  exists  betweeiiL 
the  two  auricles,  the  ''foramen  ovale"  yet  remaining  pervious;  and  byik 
fold  of  the  lining  membrane  of  the  right  auricle,  forming  the  EnstachiaiB. 
valve,  the  ascending  and  descending  currents  are  so  directed,  that  the  former 
(consisting  of  the  most  highly  arterializcd  blood)  passes  at  once  into  the 
left  auricle,  whilst  the  latter  flows  into  the  right  ventricle.^    From  the  1^ 
auricle,  the  arterial  blood  is  propelled  into  the  left  ventricle,  and  thence 
through  the  arch  of  the  aorta  to  the  vessels  of  the  head  and  upper  extremi- 
ties, a  comparatively  small  part  finding  its  way  into  the  descending  aorta 
The  venous  current  is  propelled  through  the  pulmonary  artery ;  but  the 
lungs  not  yet  being  expanded,  little  of  it  is  transmitted  to  these  organs,  and 
the  greater  part  finds  its  way  through  the  ductus  arteriosus  into  the  descend- 
ing aorta,  where  it  mixes  with  the  remainder  of  the  first-mentioned  portioo. 
This  trunk  not  only  supplies  the  viscera  and  lower  extremities  (which  ire 
thus  seen  to  receive,  as  in  Reptiles,  blood  of  which  only  a  portion  has  bees 
oxygenated),  but  sends  a  large  proportion  of  its  contents  to  the  nmbiliol 
vessels,  by  which  it  is  conveyed  to  the  oxygenating  organ,  and  retamed 
again  to  the  venous  trunk  of  the  abdomen. 

260.  The  course  of  development  of  the  Venous  system  exhibits,  not  kM 
remarkably  than  that  of  the  Arterial,  a  gradual  passage  from  the  more 
general  type  common  to  all  Ycrtebrata  at  an  early  period  of  their  existeoM^ 
and  perpetuated  with  but  little  alteration  in  Fishes,  to  that  more  spedil 
type  which  presents  itself  in  the  complete  Bird  or  Mammal. — There  is  it 
first  a  pair  of  anterior  venous  trunks  (Fig.  135,  a,  b,  g,  g')  receiving  the 

1  The  pccaliar  course  taken  by  the  blood  through  the  heart,  which  wai  raqMsM 
fh)in  anatomical  inTestigation,  has  been  actually  demonstrated  by  means  of  odoffd 
injections,  by  Dr.  J.  Reid.  See  "Edinb.  Med.  and  Surg.  Journ.,"  toI.  xliii.  pp.  11  ib' 
808;  and  Dr.  Rcid's  "Physiol.  Pathol,  and  Anat  Researches,"  Chap.  IX. 
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blood  from  the  head,  and  a  pair  of  posterior  trunks  (k,  k')  formed  by  the 
conflaence  of  the  veins  of  the  trunk,  Wolffian  bodies,  &c. ;  the  former  are 
persistent  as  the  "jugular"  veins ;  the  latter  remain  separate  in  most  Fishes, 

Fig.  135. 


A.  Diagram  of  the  Circniation  in  tho  Hnmnn  Emhn/o  and  its  appendages,  as  scon  in  pro- 
file from  the  right  side,  at  the  commencement  of  tho  formation  of  the  Placenta;  b.  Tho  same, 
■a  leen  from  the  front: — a,  venous  sinus,  receiving  all  tho  sjstemio  veins ;  6,  right  auricle;  I/, 
left  ABriele;  c,  right  ventricle;  c',  left  ventricle;  r/,  bulbus  aorticos  subdividing  into  «,  e',  e", 
Vrttnehial  arteries;  /,/,'  arterial  trunks,  formed  by  their  confluence;  g,  </,  vena  azjgos  supe- 
rior; k,  k',  confiuence  of  the  superior  and  inferior  azygos;  J,  vena  cava  inferior;  it,  iE/,  vona 
M^gof  inferior;  2.  J',  anastomosis  of  inferior  cava  with  inferior  azygos  veins;  m,  descending 
BortA;  Mf  n't  umbilical  arteries  proceeding  from  it;  o,  </,  umbilical  veins,  of  which  the  right 
afUnrwardi  disappears,  the  left  being  alono  fully  developed;  g,  omphalo-mesenterio  vein;  r, 
cHophalo-mef  enteric  artery,  distributed  on  tho  walls  of  the  vitelline  vesicle  ( ;  r,  ductus  venosus; 
jfy  viCflUine  dnet;  a,  chorion. 

where  they  are  designated  the  *' cardinal"  veins;  but  in  warm-blooded  Yer- 
tebrata,  they  are  only  represented  by  the  "  azygos"  veins  (major  and  minor), 
which  coalesce  into  a  conmion  trunk  for  a  considerable  part  of  their  length. 
One  of  the  anterior  trunks  unites  with  one  of  the  posterior  on  either  side, 
to  form  a  canal  which  is  known  as  the  "  ductus  Cuvicri ;"  and  the  ducts  of 
the  two  sides  coalesce  to  form  a  shorter  main  canal,  wliich  enters  the  auricle, 
at  that  time  an  undivided  cavity.  This  common  canal  is  absorbed  (so  to 
speak)  into  the  auricle,  at  an  early  period,  in  all  Vertebrata  above  Fishes, 
so  that  the  two  Cuvierian  ducts  terminate  separately  in  that  cavity ;  and 
after  the  septum  auriculorum  has  been  formed,  they  enter  the  right  auricle. — 
This  arrangement  is  persistent  in  Birds  and  in  the  inferior  Mammals,  in 
which  we  find  two  "  vense  cavje  supcrioris,"  entering  the  right  auricle  sepa- 
rately; but  in  the  higher  Mammals,  as  in  Man,  the  left  duct  is  obliterated, 
and  the  right  alone  remains  to  fonn  the  single  vena  cava  superior,  a  trans- 
19 


S90  OV  THE  OIROULATION  OF  NUTBITIVS  VLtTlD. 

Terse  branch  being  formed  to  bring  to  it  the  blood  of  the  left  ride.  The 
double  yena  cava  sometimes  remains  persistent  in  Man,  constituting  a  mon- 
strosity by  arrest  of  development.  As  the  anterior  extremities  are  dereloped, 
the  subclavian  veins  are  formed  to  return  the  blood  from  them ;  and  these 
discharge  themselves  into  the  jugular. — The  "  omphalo-mesenteric"  vein  (q), 
which  is  another  primitive  trunk  common  to  all  Vcrtebrata,  is  formed  by 
the  confluence  of  the  veins  of  the  yolk-bag  and  of  the  intestinal  canal,  and 
passes  by  itself,  with  the  two  Cuvierian  ducts,  into  the  auricle.  The  upper 
part  of  this  remains  to  constitute  the  upper  part  of  the  ''inferior  cava," 
the  lower  portion  of  which  arises  between  the  Wolffian  bodies,  and  origi- 
nally enters  the  omphalo-mesenteric  vein  above  the  liver.  When  the  liver 
is  formed,  the  omphalo-mesenteric  vein  becomes  connected  with  it  both  by 
afferent  and  efferent  trunks,  the  former  remaining  as  the  "  vena  portse,"  and 
the  latter  as  the  "hepatic  vein ;"  and  after  giving  off  the  former  trunks, 
the  omphalo-mesenteric  vein  is  itself  obliterated,  so  that  all  the  blood  which 
it  brings  must  pass  through  the  liver.  The  ''inferior  cava,"  which  receives 
the  hepatic  vein,  is  gradually  enlarged  by  the  reception  of  most  of  the  veins 
from  tne  inferior  part  of  the  trunk  and  the  lower  extremities,  and  the  vena 
azygos  is  reduced  in  the  same  proportion ;  in  some  rare  cases  of  abnormal 
formation,  however,  the  vena  cava  fails  to  be  developed,  and  then  the  blood 
from  the  lower  parts  of  the  body  is  conveyed  to  the  superior  cava  through 
the  azygous  system.' — The  umbilical  vein,  which  is  at  first  developed  in 
connection  with  the  allantois,  and  which  consequently  does  not  exist  where 
that  organ  is  not  evolved,  increases  in  size  as  the  mesenteric  artery  dimi- 
nishes ;  the  greater  part  of  its  blood  is  discharged  into  the  vena  portse,  and 
only  reaches  the  inferior  cava  after  passing  through  the  liver ;  bat  a  part  of 
it  passes  on  to  the  vena  cava  through  a  direct  channel,  which  constitutes 
the  "ductus  venosus."  A  similar  direct  communication  between  the  portal 
system  and  the  vena  cava  exists  permanently  in  Fishes,  and  to  a  less  degree 
in  other  oviparous  Yertebrata ;  and  it  seems  there  intended  to  transmit 
directly  to  the  heart  whatever  proportion  of  the  blood,  brought  to  the  vena 
portie,  may  be  at  the  time  superfluous  as  regards  the  function  of  the  liver. 
After  the  birth  of  the  Mammal,  however,  its  portal  system  receives  no 
more  blood  than  is  required  for  distribution  through  the  liver ;  and  the 
ductus  venosus  speedily  shrivels  into  a  ligament. 

261.  Thus  we  have  traced,  in  the  development  of  the  Circulating  appa- 
ratus of  the  higher  Yertebrata,  the  same  progressive  advance  from  a  raon 
general  to  a  more  special  condition,  as  that  which  we  have  witnessed  in 
ascending  the  Animal  scries ;  and  when  considered  analogically  mttier  thui 
homologically  (§  8),  the  correspondence  is  extremely  close.  Fot  in  the 
state  of  the  circulating  system  in  the  early  embryo,  when  the  heart  is  as  yet 
but  a  pulsating  enlargement  of  one  of  the  principal  trunks,  and  the  walk  of 
the  vessels  are  far  from  being  complete,  we  have  the  representation  of  iti 
condition  in  the  higher  Radiata,  and  in  the  lower  Articulata  and  Mollmca 
In  the  subsequent  division  of  the  cardiac  cavity  into  an  auricle  and  a  Ten* 
tricle,  an  advance  is  made  corresponding  to  that  which  we  enconnter  is 
passing  from  the  Tunicata  to  the  higher  Mollusca.  And  when  the  braadiiil 
arches  are  formed,  which  inclose  the  pharynx  and  meet  in  the  aorta,  thet]^ 
of  the  Fish  is  obviously  attained. — ^But  it  will  be  observed  that,  notwitt- 

■  For  the  details  of  the  changes  aboye  described,  see  Rathke  "  Ueber  den  Ban  ■■' 
die  Entwickelang  des  venen  systems  der  Wirbeltbiere/'  1838;  and  Mr.  Mardiall'i  He* 
moir  «0n  the  Development  of  the  Great  Anterior  Veins  in  Man  and  Mammalia,"  b 
••Philos.  Transact,"  1860. 
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Standing  this  similarity,  the  Yertebrated  embryo  never  presents  any  of  those 
features  of  the  Gircalating  apparatus,  which  are  characteristic  of  the  other 
snb-kingdoms  respectively ;  thus,  it  does  not  exhibit  that  radiated  distribu- 
tion of  the  vascular  trunks,  which  is  seen  in  the  Echinodermata  (§  216)  ; 
nor  does  the  heart,  even  when  most  like  a  ''  dorsal  vessel,"  ever  present  the 
least  approach  to  that  transverse  division  into  successive  segments,  which 
is  typical  of  the  ArticuicUa  (§  217)  ;  and  in  its  position  and  connections, 
being  situated  in  the  immediate  neighborhood  of  the  pharynx,  and  sending 
its  primitive  trunks  around  it,  the  heart  of  every  Yertebrated  animal  differs 
from  that  of  the  MoUusca,  whose  relations  are  with  the  opposite  extremity 
of  the  alimentary  canal  (§  234).  In  the  subsequent  progress  of  the  Circu- 
lating apparatus,  fh>m  the  grade  of  the  Fish,  through  that  of  the  Reptile, 
to  that  of  the  Bird  or  Mammal,  we  have  a  characteristic  illustration  of  the 
principles  formerly  laid  down  (§  74) ;  for  although  the  branchial  arches  are 
formed  in  aU  Yertebrated  animals,  yet  it  is  only  in  Fishes  and  Batrachian 
Reptiles  that  they  give  origin  to  branchial  tufts ;  and  although  at  a  subse- 
quent period  the  condition  of  the  heart  and  great  vessels  presents  a  strong 
general  resemblance  to  that  of  the  typical  Reptiles,  yet  that  resemblance  is 
wanting  in  the  essential  feature  of  the  complete  separation  of  the  auricles, 
and  the  mixture  of  arterial  and  venous  blood  in  the  single  ventricle.  It  is 
obTions  that  this  want  of  conformity  has  reference  to  the  difference  in  the 
seat  of  the  respiratory  process ;  the  pulmonary  vessels  in  the  embryo  being 
developed  for  future  use,  but  the  actual  aeration  of  the  blood  being  per- 
formed elsewhere. 

262.  The  knowledge  of  these  different  stages  of  the  development  of  the 
Circniating  apparatus,  enables  us  to  explain  many  of  the  malformations 
which  are  occasionally  presented  in  Man.  One  of  the  most  common  of 
them  g^vcs  rise  to  the  malady  termed  Cyanosis  ;  for  this  results  from  the 
foramen  ovale,  which  establishes  a  communication  between  the  auricles, 
remaining  open  after  pulmonary  respiration  has  been  established ;  so  that  a 
eonaiderable  portion  of  the  blood  transmitted  to  the  right  cavity  passes  into 
the  left,  without  having  been  previously  arterial  ized  by  passage  through  the 
longs.  Persons  thus  sheeted  have  always  a  livid  aspect ;  from  the  quantity 
of  venous  blood  circulated  through  the  arteries ;  they  are  deficient  in  mus- 
cular energy  and  in  power  of  generating  heat,  and  they  are  seldom  long- 
lived.  A  consequence  partly  similar  would  probably  have  resulted  from  a 
curious  malformation  mentioned  by  Kilian,  had  the  infant  remained  alive ; 
in  this  case,  the  aortic  arch  had  not  been  developed,  so  that  the  primary 
aortic  trunk  gave  off  only  the  vessels  to  the  head  and  upper  extremities ; 
whilst  the  communicating  branch  between  the  pulmonary  artery  and  descend- 
ing aorta,  which  usually  is  of  a  secondary  character,  constituting  the  ductus 
irteriosus,  was  here  the  only  means  by  which  the  blood  could  be  transmitted 
;o  the  latter ;  so  that  the  circulation  through  'the  lower  part  of  the  trunk 
uad  extremities  would  have  been  entirely  venous.  A  malformation  of  this 
und  in  a  diminished  degree  has  not  been  found  incompatible  with  the  con- 
Innance  of  life ;  several  cases  being  on  record,  in  which  the  ductus  arteriosus 
uu  remained  pervious,  and  has  brought  part  of  the  blood  from  the  pulmo- 
laiy  artery  to  the  descending  aorta.  Cyanosis  is  of  course,  as  in  the  former 
natance,  the  result  of  this  imperfect  artcrialization ;  and  the  individual  is 
■edoced,  as  far  as  his  vascular  system  is  concenicd,  to  the  condition  of  the 
Trooodile.  An  arrest  of  development  at  an  earlier  period  may  cause  still 
[greater  imperfections  in  the  formation  of  the  heart.  Thus,  the  septum  of 
the  Tcntriclefl  is  sometimes  found  incomplete,  the  communication  between 
the  cavities  nsnally  occurring  in  the  part  which  is  last  formed,  and  which  in 
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most  Reptiles  remains  open.  In  other  cases  it  has  been  altogether  wanting, 
although  the  aorta  and  pulmonary  artery  were  both  present,  and  arose  side 
by  side  from  the  common  cavity ;  and  this  form  of  the  circulating  apparatus 
is  evidently  analogous  to  that  presented  by  Reptiles  in  general.  A  still 
greater  degradation  in  its  character  has  been  occasionally  evinced;  for 
several  cases  are  now  on  record,  in  which  the  heart  has  presented  but  two 
cavities,  an  auricle  and  a  ventricle,  thus  corresponding  with  that  of  the  Fish ; 
and  in  one  of  these  instances  the  child  had  lived  for  seVen  days,  and  its 
functions  had  been  apparently  but  little  disturbed.  The  occasional  entire 
absence  of  the  heart  has  already  been  noticed ;  and  coexistent  with  this, 
there  is  always  great  deficiency  in  the  other  organs ;  the  brain,  and  some- 
times the  liver  and  stomach,  being  undeveloped.  The  bifid  character  of  the 
apex,  which  presents  itself  at  an  early  period  of  the  development  of  the 
heart,  and  is  permanent  in  the  Dugong,  sometimes  occurs  as  a  malformation 
in  the  adult  human  subject ;  evidently  resulting,  like  the  othere  which  have 
been  mentioned,  from  an  (urest  of  development.  On  similar  principles, 
some  occasional  peculiarities  noticed  in  the  distribution  of  the  vessels  may 
be  accounted  for,  of  which  a  striking  example  will  be  presently  given.  The 
ascending  Cava  is  occasionally  observed  to  consist  of  two  parallel  trunks, 
which  are  partially  united  at  intervals,  and  then  separate  again ;  a  similar 
condition  is  permanent  in  some  Cartilaginous  Fishes,  and  the  explanation 
of  it  is  to  be  sought  for  in  the  history  of  the  development  of  the  venous 
system  in  general.  We  have  seen  that  in  many  of  the  lower  animals,  such 
as  the  Crustacea,  where  the  arteries  are  perfect  canals,  having  distinct  coats, 
the  veins  seem  to  be  merely  channels  through  the  tissues,  having  no  definite 
walls ;  in  like  manner,  at  an  early  period  of  the  foetal  development  of  the 
higher  animals,  several  small  vessels  are  found  where  one  vein  snbsequentlj 
exists ;  and,  if  the  coalescence  of  these  has  been  from  any  cause  checked, 
they  will  remain  permanently  separated  to  a  greater  or  less  extent. 

263.  Several  interesting  varieties  have  been  detected  in  the  arrangement 
of  the  principal  trunks  given  off  from  the  Aorta :  and  though  we  cannot 
account  for  them  on  the  principles  already  mentioned,  it  is  not  a  little  cnri* 
ous,  that  nearly  all  these  irregular  forms  possess  analogues  in  the  arrange- 
ments which  are  peculiar  to  some  or  other  of  the  Miunnalia.  The  mode 
in  which  the  cephalic  and  branchial  vessels  usually  arise  in  the  Human  sub- 
ject, is  shown  in  the  subjoined  diagram,  a,  where  a  ( is  the  arch  of  the 


Diagram  of  tho  princtp«l  Tiirictios  in  the  origin  of  the  Cephalic  and  Brachial  tmnkift** 
the  arch  of  tho  Aorta: — A,  Man;  B,  Elephant;  c,  Cetacea;  d,  Bat,  ftc;  b,  CamiTora,  Ae>}  ^ 
Seal;  o.  Uuminantii;  n,  Ucntilos:~l,  right  aubclaTian;  2,  rigl^t  carotid;  8,  left  carotii}^ 
left  aubclavian;  ft,  vertebral;  (t,  aicending  aorta;  (,  deacending  aorta. 

aorta,  i  and  s  tho  trunks  of  the  right  carotid  (which  supplies  the  head)  tfi 
of  the  right  subolavinn  (which  is  distributed  to  the  upper  extremity^,  and^j 
by  a  common  tnink^th«>  artoria  innominata;  while  the  left  carotid,  a,  m 
the  left  subclavian,  4.  arino  Hoparately.    At  b  is  seen  a  distribution  whidhb 
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rare  in  the  haman  subject,  the  two  carotids  arising  by  a  common  trunk,  and 
the  right  as  well  as  the  left  subclavian  being  given  off  separately ;  this  is 
the  regular  arrangement  of  branches  in  the  Elephant.  It  is  not  so  unusual 
for  all  the  branches  to  arise  from  single  trunks  as  at  c ;  and  this  appears  to 
be  the  regular  type  in  some  of  the  Cetacea.  Sometimes,  again,  there  is  an 
orteria  innominata  on  each  side ;  subsequently  dividing  into  the  carotid  and 
subclayian,  as  at  D ;  and  on  this  plan  the  branches  are  distributed  in  the 
Bat  tribe,  and  also  in  the  Porpoise.  A  not  unfrequcnt  variety  in  the  human 
subject  is  for  both  carotids  to  arise  with  the  right  subclavian  from  a  single 
trunk,  as  at  e,  the  left  subclavian  coming  off  by  itself;  this  is  observable 
as  the  regular  form  among  many  animals,  being  common  among  the  Monkey 
tribe,  the  Camivora,  the  Rodentia,  &c.  Another  variety  which  is  not  un- 
frequent  is  shown  at  f,  the  vertebral  artery  on  the  left  side,  6,  which  usually 
arises  from  the  subclavian,  springing  directly  from  the  aorta ;  it  is  on  this 
plan  that  the  branches  arc  given  off  in  the  Seal.  A  form  which  is  very  un- 
common in  Man  is  that  represented  at  o ;  here  the  aorta  divides  at  once 
into  an  ascending  vessel,  from  which  the  two  subclavian  and  two  carotid 
arteries  arise,  and  a  descending  trunk ;  this  is  the  regular  distribution  of 
the  vessels  in  Ruminating  animals,  and  appears  to  be  most  general  in  Mam- 
malia possessing  a  long  neck.  Lastly,  at  n,  is  seen  a  form  which  evidently 
results  from  an  arrest  of  the  usual  changes  in  the  arterial  trunks  described 
in  §§  256,  258;  the  aorta  continuing  to  possess  a  double  arch,  from  the 
ascending  part  of  which  the  subclavian,  external  carotid,  and  internal  caro- 
tid arteries  are  given  off  on  each  side,  the  single  descending  trunk  being 
formed  by  the  union  of  the  two  original  branches.  This,  it  will  be  recol- 
lected, is  the  normal  type  of  formation  in  Reptiles.^ 


CHAPTER    VI. 

OP  RESPIRATION. 

1.    General  Considerations, 

264.  The  function  of  Respiration  essentially  consists  in  the  evolution  of 
earbonie  acid,  from  the  fluids  of  Organized  beings,  and  the  absorption  of 
oxygen  from  the  surrounding  medium,  usually  in  a  nearly  equivalent  pro- 
portion. This  process  is  performed  by  Plants  as  well  as  by  Animals ;  and 
it  may  be  regarded  as  arising  out  of  the  same  general  requirements  in  both 
kingdoms,  although  it  answers  some  special  purposes  in  the  latter,  which 
render  it  more  immediately  essential  to  the  maintenance  of  their  vital  ac- 
tivity, than  it  seems  to  be  in  the  former.  For  wo  shall  hereafter  find  that 
the  imperious  necessity  for  the  continual  introduction  of  oxygen  and  liber- 
ation of  carbonic  acid,  which  requires  a  most  active  performance  of  the  re- 
spiratory functions,  and  causes  even  a  brief  suspension  of  it  to  be  fatal,  in 
the  higher  Animals,  is  consequent  upon  the  energetic  exertion  of  their 

>  In  the  foregoing  account  of  the  development  of  the  Vascular  system,  the  Author 
liM  availed  himself  freely  of  the  valuable  papers  of  Dr.  Allen  Thompson,  in  the  "Edinb. 
Pliilos.  Joomal,"  vols.  iz.  and  x. ;  in  the  sketch  of  the  malformations  of  the  Heart,  he 
luui  made  use  of  the  paper  of  Br.  Paget  in  the  **£clinb.  Med.  and  Surg.  Journal,"  vol. 
zzxri. ;  and  the  last  paragraph,  with  the  accompanying  figures,  has  been  entirely  de- 
nnd  from  the  magnifieent  work  of  Tiedemann  on  the  **  Anatomy  of  the  Arteries." 
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peculiarly  animal  powers,  and  upon  the  performance  of  that  combustire 
operation  by  which  their  high  temperature  is  maintained ;  whilst,  on  the  other 
hand,  when  we  pass  to  those  tribes  which  arc  most  remarkable  for  the  inert- 
ness of  their  habits,  and  for  their  entire  want  of  power  to  sustain  on  inde- 
pendent temperature,  the  demand  for  oxygen  is  greatly  diminished,  and  the 
exhalation  of  carbonic  acid  may  be  checked  for  a  time  without  injury.  The 
amount  of  Respiration,  then,  which  is  required  for  the  performance  of  the 
organic  or  constructire  functions  of  Animals,  is  comparatively  small ;  and  it  is 
not  surprising  that  the  existence  of  this  function  should  have  been  long  over- 
looked in  Plants,  in  which  its  effects  on  the  atmosphere  are  masked  by  a 
change  of  an  entirely  opposite  nature,  that  is  subservient  to  the  introdac- 
tion  of  alimentary  material  into  the  system — namely,  the  decomposition  of 
the  carbonic  acid  of  the  air,  under  the  influence  of  light,  the  fixation  of  its 
carbon  in  the  vegetable  tissues,  and  the  consequent  liberation  of  its  oxygen. 
To  this  last  process,  the  term  Respiration  has  been  commonly  applied ;  and 
the  Respiration  of  Phints  is  ordinarily  spoken  of  as  antagonistic  to  that  of 
Animals.  This  statement  is  perfectly  true,  if  under  the  term  Respiration 
be  included  the  sum-total  of  the  changes  produced  in  the  air  by  the  growth 
of  a  Plant;  but  it  will  be  presently  shown,  that  whilst  Animal  life  gives 
rise  to  but  one  set  of  changes  in  the  atmosphere  (namely,  the  removal  of  a 
portion  of  its  oxygen,  and  a  replacement  of  this  by  carbonic  acid),  Vege- 
table life  produces  two  sets  of  changes,  which  ought  to  be  kept  quite  dis- 
tinct from  each  other  in  a  scientific  description  of  them,  their  nature  and 
their  sources  being  alike  different ;  and  that  it  is  only  on  account  of  the 
excess  of  one  set  of  these  changes  beyond  that  which  it  antagonizes,  that 
it  alone  has  received  general  attention,  and  has  been  commonly  regarded  as 
the  proper  respiration  of  Plants. 

265.  Restricting  the  meaning  of  the  term  Respiration^  then,  to  the  removal 
of  carbonic  acid  from  the  living  system  in  a  gaseous  form,  and  the  introdu^ 
tiou  of  oxygen  into  it,  we  have  to  inquire  what  are  those  most  general 
sources  of  demand  for  this  action  in  the  vital  economy,  which  are  common 
to  Plants  and  Animals.     These  appear  to  be  twofold ;  one  arising  out  of 
the  disintegrating  changes  which  are  always  going  on  in  the  living  system; 
the  other  being  consequent  upon  some  of  those  chemical  operations,  which 
necessarily  participate  in  the  constrictive  functions.     The  former  seem  to 
be  the  most  general ;  the  latter  are  rather  of  a  special  character,  and  mani- 
fest themselves  most  strongly,  as  we  shall  see  hereafter,  at  particalar  periods 
ill  Vegetable  life  (§  2T4). — All  organized  bodies,  as  already  explained,  are 
Uuble  to  continual  disintegration,  even  whilst  they  are  most  actively  engaged 
iu  porforming  the  actions  of  life ;  in  fact,  a  succession  of  organs  whose  indi- 
« Ulual  duration  is  short,  but  whose  functional  energy  is  great,  seems  neeea- 
«»ry  for  the  maintenance  of  the  life  of  the  more  permanent  parts  of  the 
,v»:«iusm  (Chap.  III.,  Sect.  1).     The  necessary  result  of  this  disintegration 
^  iKvay :  and  one  of  the  chief  products  of  that  decay  is  carbonic  acid.    A 
li^:ip»  quantity  of  this  gas  is  set  free,  during  the  decomposition  of  ahnost 
c\^  kind  of  organized  matter,  the  carbon  of  the  substance  being  united 
witl^  %VKygen  supplied  by  the  air.    Hence  we  find  that  the  formation  and 
UHnraiUi^ii  of  carbonic  acid  go  on  with  great  rapidity  after  death,  both  in  tha 
t^\  md  in  the  Animal;  its  disengagement  being  but  the  continuation  (so 
^^  i^>  of  tiiat  which  has  been  taking  place  during  life.    Thus  in  FUnts, 
**^«Mn  M  thfty  become  unhealthy,  tj^e  extrication  of  carbon  in  the  form  of 
'y*'i'^^  ik\A  takes  place  in  greater  amount  than  its  fixation  from  the  ca^ 
'V^»  ^M  the  atmosphere  ;  and  the  same  change  normally  occurs  daring 
1  i^MWuAfieeedes  the  exuviation  of  the  leaves,  their  tissue  being  no 
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longer  able  to  perforin  its  characteristie  functions,  and  its  incipient  decay 
giving  rise  to  a  large  increase  in  the  quantity  of  carbonic  acid  set  free.  In 
some  of  these  cases,  it  would  seem  that  the  carbon  of  the  decomposing  tissue 
unites  with  the  oxygen  contained  in  the  fluids  of  the  system,  and  that  car- 
bonic acid  is  thus  generated,  the  extrication  of  which  contributes  to  the 
introduction  of  fresh  oxygen  (§  2G6) ;  in  other  instances,  however,  the  oxy- 
gen may  be  more  directly  derived  from  the  atmosphere. — ^The  other  source 
of  demand  for  Respiration,  which  is  common  alike  to  Plants  and  to  Animals, 
arises  out  of  tlie  chemical  transformations  which  are  always  going  on  in 
their  systems,  as  a  part  of  their  nutrient  operations.  These  are  as  yet  but 
very  little  understood ;  but  enough  is  known  to  justify  the  belief,  that  in 
many  of  them  the  presence  of  oxygen  is  essential,  and  that  carbonic  acid  is 
among  their  products.  Examples  of  such  transformations,  drawn  from  the 
Vegetable  kingdom,  will  be  given  hereafter  (Chap.  YIII.,  Sect.  2)  ;  but  it 
may  be  remarked  in  this  i)lace,  that  the  conversion  of  starch  into  sugar,  a 
change  that  takes  place  in  the  neighborhood  of  many  growing  parts,  is 
accompanied  by  the  combination  of  carbon  with  oxygen  to  a  considerable 
amount ;  and  that,  in  general,  the  production  of  the  vast  multitude  of  or- 
ganic compounds  yielded  by  Plants,  from  the  substances  which  are  first 
generated  by  them  at  the  expense  of  the  inorganic  elements,  requires  a  series 
of  chemical  changes,  in  several  of  which  oxygen  is  taken  in  and  carbonic 
acid  given  forth.  Although  the  number  of  organic  compounds  generated 
by  Animals  is  much  less  than  that  which  we  find  in  Plants,  yet  there  can  be 
no  doubt,  from  a  comparison  of  their  atomic  constitution,  that  oxygen  must 
be  taken  into  combination,  and  carbonic  acid  given  off,  in  many  of  the 
chemical  transformations  which  take  place  in  the  living  body ;  some  of  the 
most  remarkable  of  which  will  be  described  in  their  proper  place  (Chap.  VIII. , 
Sect.  3). — ^Besides  the  evolution  of  carbonic  acid  and  the  absorption  of  oxy- 
gen, it  would  appear  that  the  exposure  of  the  circulating  fluid  to  the  air  is 
the  means  of  keeping  the  Nitrogen  of  the  system  at  its  proper  standard ;  this 
gas  being  absorbed  or  exhaled,  according  as  there  is  a  deficiency  or  a  super- 
fluity of  it  in  the  fluids  of  the  body  (§  320). 

266.  The  whole  series  of  reactions  taking  place  between  the  living  organ- 
ism, and  the  air  which  surrounds  it  or  which  is  contained  in  the  water  wherein 
it  lives,  may  be  conveniently  included  under  the  general  term  Aeration, 
This  aeration  would  appear  to  be,  like  absorption,  a  change  dependent  on 
physical  agencies,  and  occurring  in  conformity  with  their  laws,  when  the 
requisite  conditions  are  supplied  by  the  structures  of  an  organized  being, 
and  by  the  functional  alterations  which  the  living  state  involves.  All  gases 
of  different  densities,  which  are  not  disposed  to  unite  chemically  with  one 
another,  have  a  strong  tendency  to  mutual  admixture.  Thus,  if  a  vessel  be 
partly  filled  with  hydrogen,  and  partly  with  carbonic  acid,  the  latter,  which 
is  22  times  heavier  than  the  former,  will  not  remain  at  the  bottom,  but  the 
two  gases  will  be  found  in  a  short  time  to  have  uniformly  and  equably 
mixed;  and  it  is  on  this  principle  that  the  constitution  of  the  atmosphere 
is  everywhere  the  same,  although  the  gases  which  compose  it  are  of  different 
specific  gravities.  So  strong  is  this  tendency  to  admixture  on  the  part  of 
dilTerent  gases,  that  it  will  take  place  when  a  membrane  or  other  porous 
medium  is  interposed  between  them.  This  interchange,  therefore,  evidently 
resembles  the  endosmose  and  exosmose  of  fluids  (§  169)  ;  and  although  the 
tendency  to  admixture  of  the  two  gases  is  the  fundamental  cause  of  their 
moTemcnt,  the  nature  of  the  septum  has  so  much  influence  over  the  pheno- 
menon, as  sometimes  to  reverse  the  results.  When  plaster  of  Paris  is 
employed  aa  the  medium  of  diffusion,  the  exchange  will  take  place  with 
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simple  relation  to  the  relative  densities  of  the  gases ;  and  a  general  law  has 
been  ascertained  by  Prof.  Graham,  which  applies  to  all  instances — that  Uie 
**  replacing"  or  "  mutual  diffusion"  volumes  of  different  gases  vary  inversely 
as  the  sguare-roots  of  their  densities.  Thus,  if  a  tube,  closed  at  one  end 
with  a  plug  of  plaster  of  Paris,  be  filled  with  hydrogen,  the  gas  will  soon  be 
entirely  removed,  and  will  be  replaced  by  something  more  than  one-fourth 
of  its  bulk  of  atmospheric  air;  the  density  of  hydrogen  being  about  l-14th 
that  of  the  atmosphere.  But  when  organic  membranes  are  employed,  the 
result  is  much  influenced  by  the  relative  facility  with  which  each  gas  per- 
meates the  septum.  Thus  carbonic  acid  passes  through  moist  bladder  much 
more  readily  than  hydrogen  does ;  and,  in  consequence,  when  a  bladder  of 
hydrogen  is  placed  in  an  atmosphere  of  carbonic  acid,  a  certain  quantity  of 
hydrogen  will  pass  out ;  but  a  much  larger  proportion  of  carbonic  acid  wOl 
enter,  so  as  to  distend  the  bladder  even  to  bursting.  Further,  it  is  found 
that,  if  a  fluid  be  charged  with  any  gas  which  it  readily  absorbs  (as,  for 
example,  water  with  carbonic'  acid),  it  will  speedily  part  with  it  when  ex- 
posed to  the  attracting  influence  of  another  gas,  such  as  atmospheric  air; 
and  the  more  different  the  densities  of  the  two  gases,  the  more  rapidly,  and 
with  more  force,  will  thi^take  place.  As  in  the  former  instance,  this  attrac- 
tion will  go  on  with  little  interruption  through  a  porous  membrane ;  and 
part  of  the  exterior  gas  will  be  absorbed  by  the  fluid  (if  of  a  nature  to  be  so 
imbibed),  in  place  of  that  which  has  been  removed. 

267.  These  simple  phenomena  will  afford  a  key  to  the  explanation  of  the 
changes  which  take  place  in  the  aeration  of  the  circulating  fluid  by  expo- 
sure to  air ;  for  it  seems  a  universal  fact,  that  carbonic  acid  existing  in  uat 
fluid  is  exhaled,  and  is  replaced  by  absorbed  oxygen;  and  that  an  exhala- 
tion and  absorption  of  nitrogen  take  place  in  animals,  and  perhaps  also  in 
plants. 

2.  Respiration  in  Plants. 

268.  Under  the  above  designation  have  been  associated  two  distinct 
changes,  both  nearly  constant  throughout  the  Vegetable  kingdom.  The 
atmosphere  being  the  chief  source  whence  Carbon  is  supplied  to  the  living 
plant,  the  introduction  of  that  element  has  been  confounded  with  the  con- 
trary change,  which  is  also  necessary  for  the  continued  health  of  the  stroe- 
ture,  and  which  corresponds  exactly  with  the  respiration  of  Animals.  The 
introduction  of  carbon  is  effected  by  the  power  which  the  green  surfaces  of 
Plants  possess  of  decomposing,  under  the  stimulus  of  light,  the  carbonic 
acid  contained  in  the  air  or  in  the  liquids  supplied  to  them ;  and  of  retain- 
ing or  fixing  its  carbon,  whilst  they  set  free  its  oxygen.  In  the  Phanm- 
gamia,  the  green  surfaces  of  the  leaves,  and  other  appendages  to  the  axis,  are 
those  by  which  this  fixation  of  carbon,  which  maybe  considered  as  a  prooen 
of  alimentation,  is  chiefly,  if  not  entirely  effected;  and  where,  as  in  Ae 
Cactus  tribe,  the  leaves  are  deficient,  but  the  stems  are  succulent  and  their 
surfaces  green,  it  is  obvious  that  these  last  perform  the  same  function,  b 
the  Ferns,  Mosses,  &c.  there  is  the  same  separation  of  parts  as  in  the 
Flowering  plants ;  and  the  process  is  here  also,  without  doubt,  perfoxmed 
by  the  green  parts  of  the  surface.  Of  the  inferior  Crgptogatnia,  howeTer, 
we  know  very  little.  The  Fungi  would  not  seem  to  depend  upon  the  atmo- 
sphere for  any  part  of  their  supply  of  carbon,  which  is  altogether  furnished 
by  their  f)ecn1iar  aliment  (§  121);  and  these  plants  scarcely  ever  present 
any  green  surface,  and  flourish  most  in  situations  to  which  light  has  but 
little  access.    The  same  may  be  said  of  the  Cuscuta  (dodder)  and  otiier 
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leafless  parasitic  plants  of  more  complex  structure,  that  live  upon  the  pre- 
pared juices  they  derive  from  the  plant  to  which  they  attach  themselves. 
There  can  be  no  doubt  that  Lichens  ordinarily  obtain  the  carbon  which 
enters  into  their  structure,  entirely  from  the  atmosphere ;  and,  that  tlie  Algce 
are  supported  in  like  manner,  by  the  carbonic  acid  contained  in  the  circum- 
ambient water ;  but  experiments  are  yet  wanting  to  ascertain  the  precise 
conditions  under  which  its  assimilation  is  efifected.  Few  Lichens  have  any 
green  surfaces ;  and  although  many  of  the  Algse  are  very  brilliantly  colored, 
yet  we  find  them  occasionally  existing  at  such  depths,  as  make  it  di£Bcult  to 
believe  that  light  is  the  only  stimulus  under  which  they  can  attain  this  ap- 
pearance. The  simpler  forms  of  Algce,  especially  the  Conferva,  which  in- 
habit fresh  water,  appear  to  exercise  an  important  influence  in  maintaining 
it  in  a  state  fit  for  the  support  of  animal  life ;  since  it  seems  probable  that 
they  absorb  the  products  of  the  decomposition  of  that  foul  matter  by  which 
all  ponds  and  streams  are  constantly  being  polluted,  and  at  the  same  time 
yield  a  supply  of  oxygen  to  the  water.  It  is  a  notorious  fact  that  Fishes 
are  never  so  healthy  in  reservoirs  destitute  of  aquatic  plants,  as  in  ponds 
and  streams  in  which  these  abound. 

269.  The  entire  mass  of  Vegeta,tion  upon  the  surface  of  the  globe,  is 
thus  mainly  dependent  upon  the  minute  proportion  of  carbonic  acid  con- 
tained in  the  Atmosphere,  which  is  not  above  5  parts  in  10,000.  This 
seems  to  be  as  much  as  Plants  in  general,  under  the  feeble  illumination 
which  those  of  them  are  liable  to  receive,  whose  ''habitat"  is  in  variable 
climates,  could  advantageously  make  use  of;  and  a  larger  proportion  would 
probably  have  been  injurious  to  them,  as  well  as  to  Animals.  But  it  has 
been  ascertained  by  direct  experiment  that  Plants  will  thrive  in  an  atmo- 
sphere containing  six  or  eight  per  cent,  of  carbonic  acid,  or  even  more,  so 
long  as  they  are  exposed  to  strong  sunlight ;  and  it  would  appear  that,  in 
climates  where  the  solar  light  is  less  obscured  by  clouds  than  it  is  in  our  own, 
the  growth  of  plants  may  be  favored  by  an  unusual  supply  of  this  aliment- 
ary substance.  Thus  the  floating  islands  which  are  constantly  being  formed 
on  the  lake  Solfatara  in  Italy,  exhibit  a  striking  example  of  the  luxuriance 
of  cryptogamic  vegetation  in  an  atmosphere  impregnated  with  carbonic  acid. 
These  islands  consist  chiefly  of  Confervas  and  other  simple  cellular  plants, 
which  are  copiously  supplied  with  nutriment  by  the  carbonic  acid  that  is 
constantly  escaping  from  the  bottom  of  the  lake,  with  a  violence  which 
gives  to  the  water  an  appearance  of  ebullition.*  Dr.  Schlciden  mentions 
that  the  vegetation  around  the  springs  in  the  valley  of  Gottingen,  which 
abound  in  carbonic  acid,  is  very  rich  and  luxuriant;  appearing  several 
weeks  earlier  in  spring,  and  continuing  much  later  in  autumn,  than  at  other 
spots  in  the  same  district.' — A  very  ingenious  hypothesis  has  been  raised  by 
M.  Brongniart  upon  the  fact  that  an  increased  quantity  of  carbon  may, 
under  particular  circumstances,  be  assimilated  by  Vegetables.  He  sup- 
poses that,  at  the  epoch  of  the  growth  of  those  enormous  primeval  forests 
idiich  supplied  the  materials  of  the  coal-formation,  the  atmosphere  was 
highly  charged  with  carbonic  acid,  as  well  as  with  humidity ;  and  that  from 
this  source,  the  Ferns,  Lycopodiacese,  and  Conifero)  of  that  era  were  en- 
abled to  attain  their  gigantic  development.  He  imagines  that  they  not 
only  thus  converted  into  organized  products  an  immense  amount  of  carbonic 
acid,  which  had  been  previously  liberated  by  some  changes  in  the  mineral 
world,  but  that,  by  removing  it  from  the  atmosphere,  they  prepared  the 

»  Sir  H.  DaTy*8  '•Consolations  in  Travel,"  8d  ed.  p.  110. 
«  "Wicgman's  Archiv.,"  Bd.  iii.  1838. 
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earth  for  the  residence  of  the  higher  classes  of  Animals.  The  hypothesis 
is  a  very  interesting  one,  and  well  deserves  consideration.  It  may  be  re- 
garded as  an  almost  absolute  certainty,  that  the  whole  of  the  carbon  now 
solidified  in  the  coal-deposits  of  various  ages,  must  hare  previonsly  existed 
in  the  atmosphere ;  and  if  we  were  acquainted  with  the  extent  of  these,  it 
would  be  a  simple  matter  of  computation  to  determine,  whether,  if  all  this 
carbon  were  reconverted  into  carbonic  acid,  it  wonld  sensibly  effect  the  pro- 
portion of  that  ingredient  in  the  atmosphere. — The  recent  experiments  of 
Dr.  Daubeny'  to  a  certain  extent  justify  the  hypothesis  of  M.  Brong^iart, 
by  showing  that  the  existing  Plants  and  Animals  most  allied  to  those  of  the 
Carboniferous  period  can  exist  without  injury  in  an  atmosphere  containing 
nearly  5  per  cent  of  carbonic  acid ;  and  if  such  a  difference  of  climate 
then  prevailed  (in  consequence  either  of  a  different  distribntion  of  land  and 
water,  or  of  the  internal  heat  of  the  globe),  as  would  enable  the  solar  rays 
to  act  with  more  constancy  and  power  than  they  do  in  Britain  at  the  pre- 
sent time,  there  seems  no  reason  for  asserting  that  such  miifhi  not  have 
been  the  case.' 

270.  The  change  which,  strictly  speaking,  constitutes  the  JRespiration  of 
Vegetables,  is  not,  like  that  we  have  been  describing,  an  occasional  one ; 
but  is  constantly  taking  place  during  the  whole  life  of  the  plant,  and  appears 
to  be  more  immediately  necessary  to  its  healthy  existence.  This  consistB  in 
the  disengagement  of  the  superfluous  carbon  of  the  system,  either  by  com« 
bination  with  the  oxygen  of  the  air,  or  (which  is  more  likely)  bj  replacing 
with  carbonic  acid  the  oxygen  that  has  been  absorbed  from  it ;  and  it  does 
not  cease  by  day,  by  night,  in  sunshine,  or  in  shade.  If  the  function  be 
checked,  the  plant  soon  dies — as  when  placed  in  an  atmosphere  with  a  large 
proportion  of  carbonic  acid,  and  without  the  stimulus  of  light  which  enabki 
it  to  decompose  the  deleterious  gas.  Plants  which  are  being  ''  etiolated" 
by  the  want  of  light,  absolutely  diminish  in  the  weight  of  their  solid  contents, 
owing  to  the  continued  excretion  of  carbon  by  the  respiratory  procesi, 
although  their  hulk  may  be  much  increased  by  the  absorption  of  water;  and 
if  the  proportion  of  carbonic  acid  in  the  surrounding  air  be  augmented  l^ 
its  accumulation,  they  become  sickly  and  die,  from  the  impediment  to  tiieir 
respiration.  The  parallel,  therefore,  between  Plants  and  Animals  appesn 
to  be  complete,  as  regards  the  influence  of  carbon  npon  their  growth ;  for 
to  both  it  is  deleterious  when  breathed,  while  to  both  it  is  invigorating 
when  introduced  through  the  digestive  system  as  food ;  and  whenever  Plantii 
or  parts  of  Plants,  derive  their  nutriment,  like  Animals,  from  organic  cos* 

I  <*  Report  of  the  British  AMoclatioa"  for  1849,  p.  56. 

'  The  Author  would  suggest  it  as  a  point  worthy  of  further  oomideraUoii,  whelhiv 
there  may  not  haTO  been  a  special  relation  between  the  luxuriant  growth  of  the  pUiti 
that  furnish  those  carbonaceous  deposits,  which  are  found  especially  to  be  intereal«tod 
amongst  the  Carboniferous,  Oolitic,  Wealden,  and  Cretaceous  formatloBB;  aad  the  ^ 
posits  of  those  vast  calcareous  beds  with  which  they  are  so  remarkably  assoolatod.  Iki 
latter,  there  is  strong  reason  to  believe,  are  almost  entirely  of  animal  oH|^n ;  the  Sl^ 
bonate  of  lime  harinj^  been  drawn  by  Zoophytes,  Echinoderms,  and  MoUudu,  firon  thi 
waters  of  the  ocean,  just  as  the  carbon  of  Uie  yegetation  of  these  periods  was  drfffi 
from  the  carbonic  acid  of  the  atmosphere.  Now  if  we  imagine  that,  during  the  progiMi 
of  those  deposits,  there  was  an  unusual  discharge  of  carbonate  of  lime,  held  Ib  sdlstiei 
by  flree  earbonie  add,  by  submarine  springs  issuing  from  the  interior  of  the  earth  (Hks 
the  Solfatara  and  other  calcareous  springs,  which  furnish  the  *'  travertine"  depodts,  vi 
at  the  same  time  promote  the  growth  of  plants,  at  the  present  day),  we  seem  to  havsi 
probable  account  of  the  extraordinary  abundance  of  carbonate  of  lime  in  the  oomB' 
waters,  and  of  carbonic  acid  in  the  atmosphere,  at  those  periods;  since  the  greater  ptft 
of  the  latter  would  haTC  escaped  into  the  air,  so  soon  as  it  became  ft«e  to  do  so  by  thi 
removal  of  the  pressure  which  prerionsly  restrained  it. 
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ponnds  already  prepared  for  them,  tberc  do  we  find  the  tme  respiratory 
process  taking  place,  without  the  counterbalancing  fixation  of  carbon  as 
aliment.  This  is  the  case,  for  example,  with  Fungi  in  general ;  it  is  the 
case,  too,  with  the  leafless  Phanerogamic  parasites,  which  draw  their  mate- 
rials from  the  elaborated  juices  of  other  plants,  instead  of  preparing  them 
for  themselves  (§  273);  it  is  the  case  also  with  tlie  growing  embryo,  whose 
food  is  derived  from  the  store  laid  up  in  the  seed,  and  whose  action  upon 
the  air  is  contrary  to  that  of  the  developed  plant,  until  it  has  exhausted 
this  store,  and  has  unfolded  its  leaves  to  the  light  so  as  to  take  in  fresh 
carbon  from  the  atmospliere ;  it  is  the  case,  again,  with  all  the  growing 
parts  which  derive  their  nutriment  from  the  leaves  (not  being  themselves 
able  to  decompose  carbonic  acid),  and  especially  with  the  flowers ;  and  it 
is  the  ease,  too,  even  with  the  leaves  themselves,  when  their  functional  ac- 
tivity is  diminishing,  and  the  decomposing  changes  in  their  tissue  are  coni- 
mencing.        ^ 

271.  It  becomes  a  question  of  much  interest,  to  determine  the  relative 
amounts  of  carbon  thus  absorbed  and  excreted  by  Vegetables.  Since  a 
large  part  of  the  solid  material  of  their  tissues  is  derived  from  the  atmo- 
sphere, it  is  evident  that  the  whole  quantity  of  carbonic  acid  in  the  air  must 
be  diminished  by  their  growth ;  but  as  a  certain  proportion  of  that  car- 
bonic acid  is  taken  in  by  the  roots,  which  are  supplied  with  it  through  the 
absorbent  agency  of  tlie  soil  (§  120),  the  agency  of  the  leaves  requires  to 
be  tested  by  experiment.  Such  experiments  have  been  repeatedly  made  by 
Terj  ciurefal  and  experienced  observers ;  and  the  general  result  of  them  is, 
that,  so  long  as  the  leaves  continue  in  healthy  action,  and  are  exposed  to 
the  influence  of  light,  they  are  actively  engaged  in  taking  in  carbon  from 
the  atmosphere  ;^  and  that,  when  entire  plants,  consisting  not  only  of  leaves, 
bat  of  stems  and  other  parts,  are  confined  in  the  same  portion  of  air,  day  and 
night,  and  arc  duly  supplied  with  carbonic  acid  gas  during  sunshine,  they 
will  go  on  adding  to  the  proportion  of  oxygen  present,  so  long  as  they  con- 
tinue healthy ;  the  slight  diminution  of  oxygen  and  increase  of  carbonic  acid 
which  take  place  during  the  night,  bearing  no  considerable  ratio  to  the 
degree  in  which  the  opposite  effect  occurs  by  day.'  The  balance  of  nutri- 
tion, therefore,  between  the  Animal  and  Vegetable  kingdoms,  is  thus  main- 
tained in  a  very  perfect  and  interesting  manner. 

272.  With  regard  to  the  changes  effected  by  vegetation  upon  the  prin- 
cipal constituent  of  the  atmosphere — Nitrogen — no  very  certain  or  definite 
statement  can  be  made.  Although  this  element  enters  largely  into  the 
composition  of  Plants,  there  seems  reason  to  believe  that  all  which  they 
raqaire  is  derived  by  them,  not  directly  from  the  atmosphere,  but  by  the 
decomposition  of  the  ammonia  absorbed  by  the  soil,  and  taken  up  in  solution 
by  the  roots  (§  120) ;  indeed,  proof  is  wanting  that  the  free  nitrogen  of  the 
air  has  any  concern  with  vegetable  respiration ;  for  the  few  experiments 
which  have  been  performed  with  express  view  to  this  subject,  lead  to  the 
belief  that  azote  is  as  frequently  exhaled  as  absorbed. 

278.  In  the  I^mgi  among  Oryptogamia,  however,  and  in  the  ''  leafless 
parasites"  (such  as  the  tribe  of  Orobanchea)  among  Phanerogamia^  we  have 
examples  of  the  performance  of  the  true  respiratory  process,  without  the 
antagonising  action  of  the  alimentative ;  the  only  change  which  the  growth 

I  See  the  experiments  of  Mr.  Popys,  in  the  **  Philosophical  Transaotions"  for  1848, 
p.  829. 

s  See  Dr.  Daubeny's  letter  to  Prof.  Lindlej,  in  his  *'  Introduction  to  Botany,*'  vol.  ii. 
p.  297. 
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of  these  plants  indaces  in  the  sarronnding  air,  being  the  replacement  of  its 
oxygen  by  carbonic  acid.  Thas,  from  the  experiments  of  Marcet  upon 
Eangi,  it  appeared  that  growing  Agarics  absorbed  from  the  air  a  large 
quantity  of  oxygen ;  a  portion  of  which  appears  to  combine  with  the  carbon 
of  the  plant,  and  thus  to  form  the  carbonic  acid  which  replaces  it ;  whilst 
the  remainder  seems  to  be  retained  in  its  structure.  The  recent  experiments 
of  M.  Lory  upon  the  respiration  of  the  OrobanchesB*  are  peculiarly  interest- 
ing. He  found  that  in  every  stage  of  their  vegetation,  all  the  parts  of  these 
plants,  whether  they  are  exposed  to  solar  light,  or  whether  they  are  kept  in 
the  dark,  absorb  oxygen  and  give  out  carbonic  acid ;  the  volume  of  the 
carbonic  acid  generated  being  nearly  equal  to  that  of  the  oxygen  which  dis- 
appears. But  that  the  production  of  carbonic  acid  is  not  a  result  of  a  mere 
union  of  carbon  excreted  by  the  plant,  with  atmospheric  oxygen,  bat  takes 
place  in  the  interior  of  the  plant  as  a  part  of  the  changes  in  which  its  growth 
consists,  appears  from  the  fact  that  the  disengagement  contianes  for  a  time 
when  the  plants  are  surrounded  by  an  atmosphere  of  pure  hydrogen.  (A 
parallel  fact  will  hereafter  be  cited  in  regard  to  the  respiration. of  Animals, 
§  319.)  The  amount  of  carbonic  acid  exhaled  is  augmented  bj  warmth, 
which  increases  the  activity  of  the  nutrient  operations ;  and,  as  in  other 
plants,  it  is  peculiarly  great  during  the  period  of  flowering.  The  contrast 
between  the  action  of  one  of  these  leafless  parasites  upon  the  atmosphere, 
and  that  of  the  plants  from  which  they  draw  their  nutriment,  was  curiously 
displayed  by  placing  in  two  receivers  of  the  same  capacity,  a  portion  of  the 
stem  of  an  Orohanche^  and  a  portion  of  the  leafy  stem  of  the  Teucrium  on 
which  it  grew,  each  piece  being  of  the  same  weight ;  the  atmosphere  wat- 
rounding  them  was  composed  of  six  volumes  of  common  air  mingled  with 
one  of  carbonic  acid ;  and  they  were  exposed  to  light  from  9  A.  M.  nntfl 
3  P.  M.  of  the  succeeding  day.  At  the  end  of  this  time,  the  atmosphere  of 
the  jar  containing  the  Teucrium  did  not  present  a  trace  of  carbonic  add, 
whilst  that  in  which  the  Orobanche  had  been  immersed  exhibited  such  aa 
augmentation  of  carbonic  acid,  that,  whilst  its  original  proportion  to  tbe 
oxygen  was  as  20  to  25,  it  was  then  as  36  to  9. — The  explanation  of  this 
difference  is  donbtless  to  be  found  in  the  mode  in  which  parasitic  plants 
obtain  their  nourishment.  Being  supported,  like  Animals,  npon  organic 
compounds  that  have  been  already  elaborated  by  agency  of  other  Plants, 
they  are  entirely  destitute  of  the  power  of  decomposing  the  atmospheric 
carbonic  acid  for  the  purpose  of  alimentation ;  and  the  sole  change  which 
they  produce  in  the  surrounding  air,  is  of  the  same  kind  with  the  respirdJon 
of  animals.  As  already  remarked,  there  is  every  reason  to  believe  that  the 
same  change  takes  place  in  all  other  Plants,  and  that  carbonic  acid  is  con- 
tinually given  off  from  their  interior,  whilst  oxygen  is  absorbed ;  althov^ 
this  is  masked  by  the  opposite  change,  which  is  effected  by  their  ffreen  l«^ 
faces  during  the  influence  of  light  upon  them.  For  so  soon  as  the  light 
ceases  to  act  upon  the  latter,  the  respiratory  change  makes  itself  maniM; 
and  it  has  been  shown  by  the  experiments  of  Saussure,  that  through  the 
dark  portions  of  plants,  this  change  is  continually  taking  place. 

274.  Further,  there  are  certain  processes  in  the  life  of  all  Phanerogiotoi 
in  which  the  function  of  Respiration  seems  to  go  on  with  remarlotble  acti- 
vity, and  in  which  its  manifestation  is  not  concealed  by  the  converse  opeia* 
tion.  One  of  these  is  Germination,  or  the  development  of  the  young  pha^ 
from  seed,  which  requires  that  the  starcli  laid  up  by  the  parent  for  t£e  np- 
port  of  the  embryo  should  be  converted  into  sugar,  the  latter  being  thefoi* 

*  "Annales  des  Sciences  Naturelles,"  3«  S^r.,  Botan.,  torn.  viii.  p.  158. 
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in  which  it  is  applied  to  the  purposes  of  nutrition.  This  conyersion  involves 
the  liberation  of  a  quantity  of  carbon,  which  is  disengaged  by  means  of  its 
combination  with  the  oxygen  of  the  surrounding  atmosphere ;  and  the  young 
plant  may  then  be  regarded  as  living  under  the  same  conditions  as  the  para- 
sitic tribes  just  referred  to,  its  nutriment  being  supplied  to  it  without  the 
necessity  for  the  alimentative  operation  which  it  will  be  afterwards  required 
to  perform.  Oermination  takes  place  most  readily  in  the  dark,  since  the 
extrication  of  carbon,  which  is  the  most  essential  part  of  the  change,  would 
be  antagonized  by  the  influence  of  light.  The  young  ])lant  is,  therefore, 
much  in  the  condition  of  one  which  is  being  "  etiolated ;"  and  it  is  accord- 
ingly found  that,  during  the  early  period  of  germination,  the  weight  of  the 
solid  contents  of  the  seed  diminishes  considerably,  though  its  bulk  increases 
by  the  absorption  of  moisture.  This  is  its  state  until  the  cotyledons,  or  seed- 
leaves,  have  arrived  at  the  surface,  and  temporarily  perform  the  functions 
of  leaves.  It  is  an  interesting  fact  that,  after  many  trials,  germination  has 
been  found  to  take  place  most  readily  in  an  atmosphere  consisting  of  1  part 
oxygen  and  3  parts  nitrogen,  which  is  nearly  the  proportion  of  the  air  we 
breathe.  If  the  quantity  of  oxygen  be  much  increased,  the  carbon  of  the 
OTole  is  abstracted  too  rapidly,  and  the  young  plant  is  feeble ;  if  the  pro- 
portion be  too  small,  carbon  is  not  lost  in  sufficient  quantity,  and  the  young 
plant  is  scarcely  capable  of  being  roused  into  life. — The  changes  which  take 
place  daring  Floioering,  are  very  similar  to  those  occurring  in  germination. 
A  large  quantity  of  oxygen  is  converted  into  carbonic  acid  by  the  action  of 
the  flower ;  and  it  is  believed  that  the  starch,  previously  contained  in  the 
diikoT  receptacle,  is  changed  by  this  process  into  saccharine  matter  adapted 
for  the  nntrition  of  the  pollen  and  young  ovules,  the  superfluous  portion 
flowing  off  in  the  form  of  honey.  It  is  remarkable  that  this  analogy  between 
germination  and  flowering  holds  good,  not  only  in  their  products,  but  in 
3ie  conditions  essential  to  their  activity.  Neither  will  commence  except  in 
a  moderately  warm  temperature ;  both  require  moisture,  for  flowers  will  not 
open  unless  well  supplied  with  ascending  sap ;  and  the  presence  of  oxygen 
is  in  each  case  necessary.  It  has  been  well  ascertained  that  the  carboniza- 
tion of  the  air  bears  a  direct  relation  to  the  development  of  the  glandular 
disk,  and  that  it  is  principally  effected  by  the  essential  parts  of  the  flower, 
or  organs  of  fructification.  Thus,  Saussure  found  that  the  Arum  Italtcum, 
whilst  in  bud,  consumed  in  twenty-four  hours  5  or  6  times  its  own  volume 
of  oxygen ;  during  the  expansion  of  the  flower,  30  times ;  and  during  its 
irithering,  5  times.  When  the  floral  envelops  were  removed,  the  quantity 
of  oxygen  consumed  by  the  remaining  parts  was  much  greater  in  proportion 
to  their  volume.  In  one  instance,  the  sexual  apparatus  of  the  Arum  Itall- 
cnm  conaomed  in  twenty-four  hours  132  times  its  bulk  of  oxygen.  Saussure 
alao  observed  that  double  flowers,  in  which  petals  replace  sexual  organs, 
yitiate  the  air  much  less  than  single  flowers  in  which  the  sexual  organs  are 
perfect.  (See  also  §  365.) — The  same  is  the  case,  again,  during  the  de- 
Telopment  of- leaf-buds  from  parts  in  which  (as  in  the  tuber  of  the  Potato) 
a  supply  of  starchy  matter  has  been  laid  up  as  the  material  for  tlieh*  evolution, 
until  they  are  so  far  expanded  that  they  can  obtain  carbon  from  the  atmo- 
sphere. Here,  too,  the  growing  bud  is  in  the  condition  of  a  parasite,  being 
supported  upon  materials  provided  for  it  by  other  agencies  than  its  own ; 
and  here,  again,  we  find  that  the  conversion  of  the  starch  into  sugar  is  the 
process  with  which  the  production  of  carbonic  acid  appears  to  be  chiefly 
connected. 

275.  Besides  the  means  of  aeration  which  the  transmission  of  the  nutri- 
tive fluid  to  the  external  surface  affords,  the  more  highly  organized  Plants 


302  OF  BE8PIKATI0N. 

seem  to  hare  the  power  of  admitting  air  into  cayities  existing  in  the  Icayes 
(especially  beneath  their  inferior  cnticle.  Fig.  156),  through  their  stamata; 
and  in  this  manner  a  much  larger  extent  of  membrane  is  exposed  to  its  in- 
fluence. The  peculiar  organization  which  is  probably  snbservient  to  this 
purpose,  will  be  hereafter  described  (§§  325,  336)  under  the  head  of  exhala- 
tion, for  which  function  it  appears  more  particularly  designed.  Bat,  super- 
added to  this,  we  find  in  the  Phanerogamia  a  system  of  tubes  apparently 
intended  to  connect  the  interior  of  the  structure  with  the  external  air. 
These  are  the  spiral  vesaels,  which,  in  their  perfect  form,  are  seldom  found 
to  contain  any  but  gaseous  fluids.  In  Exogens,  they  are  usually  confined 
to  the  *'  medullary  sheath"  immediately  surrounding  the  pith;  in  Endogens, 
they  are  more  universally  distributed  through  the  stem,  forming  part  of 
every  bundle  of  fibro-vascular  tissue.  In  each  case,  however,  they  trarerse 
the  stem  in  such  a  manner  as  to  enter  the  leaves  through  their  footstalks; 
and  they  seem  to  communicate  with  the  intercellular  passages,  and,  through 
their  medium,  if  not  more  directly  (as  some  have  supposed),  with  the  ex- 
ternal air.  A  curious  analogy  exists  between  these  Respiratory  tubes  and 
the  trache€B  of  Insects  (§  302) ;  and  although  their  exact  office  is  not  fully 
ascertained,  there  can  be  little  doubt  that  they  contribute  iu  some  way  to 
the  aeration  of  the  internal  fluids.  It  has  been  found  that  thej  contain  a 
larger  quantity  of  oxygen,  by  7  or  8  per  cent,  than  that  which  exists  in  the 
atmosphere. — In  a  great  number  of  the  aquatic  tribes,  both  among  the 
simpler  and  the  more  highly  organised  plants,  we  find  cavities  expressly 
adapted  for  the  inclusion  of  air ;  but  these  would  seem  designed  rather  to 
give  buoyancy  to  the  structure,  than  to  take  any  share  in  the  Respiratory 
function.  The  air  which  they  contain,  however,  is  seldom  identical  in  com- 
position with  that  of  the  atmosphere. 

276.  Regarding  the  progressive  evolution  of  the  Respiratory  system  in 
Plants,  much  might  here  be  said,  which  will  perhaps  be  more  advantage- 
ously deferred  to  the  account  of  their  general  development  (Chap.  XI.). 
It  may  be  remarked,  however,  that  the  early  form  of  the  embryo  of  the 
Flowering-Plants  resembles  in  its  want  of  special  organs,  the  simple  vege- 
tation of  the  cellular  Cryptogamia,  although  it  differs  in  regard  to  the  m^ 
in  which  nutriment  is  supplied ;  the  latter  deriving  it  by  their  unassisted 
powers  from  the  surrounding  elements,  whilst  the  former  is  provided  with 
it  by  the  parent.    At  the  first  period  of  the  germination  of  the  seed,  a  ckM 
analogy  exists,  as  we  have  seen,  between  the  growing  embryo  and  the  tribe 
of  Fungi.     Both  are  specially  supplied  with  nutriment,  which  is  prefMured 
in  the  one  case  by  its  parent,  and  in  the  other  by  the  decay  of  animal  or 
vegetable  matter;  both  are  developed  most  rapidly  when  supplied  widi 
warmth  and  moisture,  and  in  the  absence  of  light ;  and  both  liberate  caiboi 
to  a  large  amount,  without  assimilating  any  from  the  atmosphere.    By  the 
time,  however,  that  the  cotyledons  have  risen  to  the  surface  and  acquired  i 
green  color,  the  plant  has  advanced  a  stage  in  its  growth,  and  as  to  its  n- 
spiratory  system,  has  now  attained  the  level  of  the  Marchantia  (§  87),  poe- 
sessing,  like  it,  stomata  and  intercellular  spaces,  but  being  destitute  of  spnl 
vessels.     These  do  not  appear  until  true  leaves  are  evolved;  and  by  the 
time  that  this  last  stage  in  the  development  has  taken  place,  the  cotyledotfi 
which  may  be  regarded  as  temporary  respiratory  organs,  decay  awsj.— 
When  we  have  traced  the  evolution  of  the  respiratory  system  of  Aninita 
in  a  similar  manner,  we  shall  observe  a  most  interesting  correspondence 
between  the  consecutive  phenomena,  as  they  occur  in  the  two  kingdomB 
respectively. 
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8.  jRespiration  tn  Animah, 

277.  The  dependence  of  the  life  of  Animals  upon  the  constant  perform- 
ance of  the  Respiratory  function,  is  more  immediate  than  that  of  Plants ; 
and  this  arises,  not  merely  from  the  circumstance  that  there  are  sources  of 
demand  for  oxygen  and  of  production  of  carbonic  acid  in  the  former,  which 
do  not  exist  in  the  latter;  but  also  from  the  fact  that  from  those  which  are 
common  to  both  (§  265),  the  amount  of  carbonic  acid  generated,  as  well  as 
of  oxygen  required,  is  far  larger  in  the  Animal  than  in  the  Plant.  The 
more  actiye  are  the  organic  functions,  and  the  softer  and  more  prone  to  de- 
composition are  the  tissues,  the  more  considerable  will  be  that  constant  de- 
cay to  which  all  organized  fabrics  are  exposed,  eyen  during  life ;  and  thus 
in  ''warm-blooded"  animals,  the  high  temperature  of  the  body,  which  fayors 
the  yital  actiyity  of  its  component  organs,  and  causes  them  to  Kvefast^  will 
accelerate  their  decay,  and  will  hence  giye  rise  to  a  more  rapid  production 
of  carbonic  acid  and  to  a  greater  demand  for  oxygen;  whilst  in  "cold- 
blooded" animals,  bo  long  as  the  temperature  of  their  bodies  is  low,  the 
"  waste"  of  the  tissues  from  this  source  is  kept  down,  their  rate  of  life  be- 
ing eomparatiyely  dow.  But  when  the  temperature  of  the  Reptile  is  raised 
by  external  heat  nearer  the  leyel  of  that  of  the  Mammal,  its  need  for  respi- 
ration increases,  owing  to  the  augmented  waste  of  its  tissues.  When,  on 
the  other  hand,  the  warm-blooded  Mammal  is  reduced,  in  the  state  of  hyber- 
nation, to  the  leyel  of  the  cold-blooded  Reptile,  the  waste  of  its  tissues 
diminishes  to  such  an  extent,  as  to  require  but  a  yery  small  exertion  of  the 
respiratory  process  to  get  rid  of  the  carbonic  acid  which  is  one  of  its  chief 
products.  And  in  those  animals  which  are  capable  of  retaining  their  yitallty 
when  frozen,  or  when  their  tissues  are  completely  dried  up,  the  decomposi- 
tion is  for  the  time  entirely  suspended,  and  consequently  there  is  no  car- 
bonic acid  to  be  set  free. 

278.  Bat  another  source  of  carbonic  acid  to  be  set  free  by  the  Respira- 
tory process,  and  one  which  is  peculiar  to  Animals,  consists  in  the  rapid 
changes  which  take  place  in  the  Muscular  and  Neryous  tissues,  during  the 
period  of  their  activity.  Eyery  development  of  muscular  force  or  of  nerv- 
ona  power  is  accompanied  by  a  destructive  change  in  a  certain  amount  of 
tinae,  to  which  diange  the  presence  of  Oxygen  is  essential ;  and  one  of 
the  prodncts  of  the  union  of  oxygen  with  the  elements  of  the  Nervous  and 
Moacnlar  substances,  is  carbonic  acid.  Hence  it  may  be  stated  as  a  gene- 
ral principljB,  that  the  peculiar  waste  of  these  substances,  which  is  a  condi- 
tion of  their  functional  activity,  and  which  is  altogether  distinct  from  the 
general  slow  decay  that  is  common  to  them  with  other  tissues,  is  another 
Boorce  of  the  generation  of  carbonic  acid,  and  of  the  demand  for  oxygen  in 
the  animal  body ;  and  that  the  amount  of  the  one  gas  produced,  and  of  the 
other  gas  required,  will  consequently  depend  upon  the  degree  in  which 
these  t&sneB  are  exercised.  In  such  animals  as  are  chiefly  made  up  of  the 
organB  of  yegetative  life,  in  whose  bodies  the  nervous  and  muscular  tissues 
form  bnt  a  very  small  part,  and  in  whose  tranquil  plant-like  existence  there 
is  bat  yery  little  demand  upon  the  exercise  of  their  functions,  the  quantity 
of  carbonic  acid  thus  liberated  will  be  extremely  small,  and  the  dependence 
upon  a  rapply  of  oxygen  by  no  means  close.  On  the  other  hand,  in  ani- 
mals whose  bodies  are  chiefly  composed  of  muscle,  and  whose  life  is  an 
almost  ceaseless  round  of  exertion,  the  quantity  of  carbonic  acid  thus 
liberated  is  very  considerable,  and  the  demand  for  oxygen  is  incessant ;  so 
that  vital  actiyity  is  speedily  suspended,  if  the  respiratory  function  be  not 
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performed.  We  are  enc^bled  to  trace  the  connection  between  the  amonnt 
of  neryo-moscalar  exertion,  and  the  energetic  performance  of  the  act  of 
respiration,  in  the  class  of  Insects,  better  than  in  any  other.  They  have  no 
fixed  temperature  to  maintain ;  and  they  are  consequently  not  in  the  condi- 
tion of  warm-blooded  animals,  in  which  the  quantity  of  carbonic  acid  set 
free  is  kept  up  to  a  more  regular  standard  by  the  proTision  to  be  presently 
noticed.  On  the  other  hand,  they  are  pre-eminent  among  all  animals  in 
the  energy  of  their  muscular  power,  as  related  to  the  bulk  of  their  bodies, 
so  that  the  waste  of  muscular  tissue  during  their  state  of  actiyity  must  be 
very  great ;  and  we  shall  hereafter  find  that  the  amount  of  carbonic  acid 
generated  in  a  given  time  bears  a  close  correspondence  with  this  (§  322). 
Among  Reptiles,  also,  the  degree  of  nervo-muscular  activity,  as  of  the  vital 
energy  in  general,  bears  a  constant  relation  to  the  elevation  of  the  tempera- 
ture of  the  body ;  so  that  the  demand  for  respiration  from  both  sources  is 
increased  by  external  warmth  (§  323). 

279.  Besides  these  sources  of  demand  for  Respiration,  which  are  com- 
mon to  all  Animals,  there  is  another,  which  appears  to  be  peculiar  to  the 
two  highest  classes.  Birds  and  Mammals.  These  are  capable  of  maintain- 
ing a  constantly-elevated  temperature,  so  long  as  they  are  supplied  with  a 
proper  amount  of  appropriate  food ;  and  their  power  of  doing  so  (saie 
when  the  oxygenation  of  the  **  waste"  of  the  tissues  is  of  itself  sufficient  to 
generate  the  requisite  amount  of  heat)  is  dependent  upon  the  direct  com- 
bination of  certain  elements  of  the  food  with  the  oxygen  of  the  air,  by  a 
process  analogous  to  combustion  (§  129).  The  quantity  of  carbonic  acid 
that  is  thus  generated,  seems  to  vary  considerably  in  different  animals,  and 
in  different  states  of  the  same  individual :  but  the  principal  source  of 
difference  lies  in  variations  of  external  temperature ;  for  the  energy  of  tbe 
Respiration  increases  with  its  diminution,  since  more  heat  must  then  be 
generated;  and  diminishes  when  an  increase  of  external  warmth  renders 
the  production  of  heat  within  the  body  less  necessary  to  sustain  its  tempera- 
ture. Whenever  the  temperature  of  the  surrounding  medium  is  below  that 
of  the  body,  if  a  sufficient  supply  of  food  be  not  furnished  and  the  store  of 
fat  be  exhausted,  the  animal  dies  of  cold  (§  116). 

280.  To  recapitulate,  then ;  the  sources  of  the  production  of  Carbonic 
acid,  and  of  the  demand  for  Oxygen,  in  the  Animal  body,  are  fourfold.-^ 
1.  The  continual  decay  of  the  tissues,  which  is  comtnon  to  all  lifing 
organized  bodies ;  which  is  retarded  by  cold  and  dryness,  and  accelerated 
by  warmth  and  moisture ;  which  takes  place  with  increased  rapidity  at  tbe 
approach  of  death,  whether  this  affect  the  body  at  large,  or  ojily  an  indi- 
vidual part;  and  which  goes  on  unchecked  when  the  actions  of  nutritioB 

have  ceased  altogether 2.  The  various  changes  in  composition  that  take 

place  in  the  fluids  and  tissues  in  the  progress  of  their  organic  constractioB, 
many  of  which  involve  a  liberation  of  carbon  and  a  higher  oxygenation.— 
3.  The  destructive  metamorphosis  which  is  the  very  condition  of  flw 
activity  of  the  Nervous  and  Muscular  tissues,  and  which  therefore  bean  i 
direct  relation  to  the  degree  in  which  they  are  exerted. — 4.  THie  direct 
conversion  of  the  hydro-carbonaceous  materials  of  the  food  into  carbonic 
acid ;  which  is  peculiar  to  warm-blooded  animals ;  and  which  varies  ii 
quantity,  in  accordance  with  the  amount  of  heat  to  be  generated. 

281.  The  process  of  aeration  is  accomplished,  chiefly  if  not  entirel^t 
through  the  medium  of  ilie  fluids  of  the  body;  but  the  nature  of  the  ixA 
which  is  subservient  to  this  purpose  varies  greatly*  in  different  clanes  d 
animals,  as  does  also  the  method  employed.  We  find,  indeed,  in  maaj 
instances,  that  no  special  instrumentality  is  required;  the  aeration  of  tJw 


EEgPIBATION  IN   ANIMALS. 


ao5 


,  Jaids  being  suflleienUy  provided  tot,  by  their  exposare  to  tlie  surroundiog 
Qediam  through  the  thiJi  njembraiic  which  forms  their  exteraal  integumentp 
ftr  throagh  its  prolongation  into  their  iQteraal  cavilieK  j  and  the  renewal 
&f  the  stratum  of  that  medium  in  contact  with  their  surface,  being  aceora- 
plished  bj  actions  that  are  more  direetlj  subservient  to  other  purposes  in 
lie  economy* — When  the  special  organs  appropriated  to  the  performance 
fnnction  in  the  principal  tribes  of  the  Animal  kingdom,  are  brought 
\  comparison  with  each  other,  they  appear  at  first  sight  so  Tery  different, 
at  a  superficial  observer  would  hardly  trace  any  relation  between  them 
jf||8,  lOlf).    A  Uttle  reflection,  however,  will  show,  that  all  their  forms 
re  reducible  to  the  simple  element  of  which  the  respiratory  organs  are 
onstrncted  throughout  the  Vegetable  kingdom;  namely,  an  extension  of 
(le  exterad  surface,  peculiarly  adapted,  by  its  permeability  to  gases,  for 
be  interchange  of  ingredients  between  the  circulating  fluid  spread  out  on 
Mie  side  of  it,  and  the  aerating  medium  which  is  in  contact  with  the  other, 
Considered,  therefore,  under  thiB  *'  instrumental"  character,  there  h  a  eom- 
ilctc  '*unit/*'  amongst  them  all ;  but  when  considered  with  reference  to  the 
plaa  of  structure,  we  find  them  to  he  '*  homologically"  diverse, 
,  tbd  ejrtension  may  take  place  from  very  different  parts  of  the  surface, 
,  its  connections  with  other  organs  may  be  altogether  dissimilar  in 
he  several  classes  of  Animals.     Again,  it  usually  takes  place  iutemally  or 
lly,  according  as  the  anima!  is  to  he  an  inhabitant  of  the  air  or  of 
I  vmttfB,     In  aninmls  modllied  for  atmospheric  respiration,  the  air  enters 
be  Bj^iem  to  meet  the  blood:  a  peculiar  set  of  movements,  more  or  less 
complicated,  being  appointed  for  its  constant  renewal  by  Buecessire  inha- 
itiou  and  expulsion.     In  those  adapted  to  an  aquatic  residence,  a  different 
itai  is  usoally  followed.     The  amall  quantity  of  air  contained  in  the  water, 
I  all  that  the  respiratory  system  employs  j  and  it  would  have  been  a  use- 
I  erpt*aditure  of  muscular  exertion  to  hare  provided  means  for  the  con- 
i.ui  inspiration  and  expiration  of  a  large  amount  of  so  dense  a  fluid.     In 
ill  the  higher  aqnatic  animals,  therefore,  the  aerating  surface  is  extended 
ulwurtUy,  instead  of  being  prolonged  inwards;  and  the  blood  is  propelled 
kroagh  it  so  as  to  come  into  relation  with  the  surrounding  medium,  the 
ortioo  of  which  in  apposition  with  it  is  continually  being  renewed,  either 
the  natural  movements  of  the  animal,  or  by  others  more  expressly  con- 
ived  for  the  piir|>ose.     In  the  higher  Radiata  and  the  lower  Articulataj 
>wcTcr,  wo  meet  with  a  peculiar  apparatus  for  iatrodueing  water  from 
Without  into  the  interior  of  the  body,  and  for  causing  it  to  perform  a  kind 
circulation  through  a  system  of  canals  more  or  less  extensively  distri- 
cted ;  the  apjiaratus  suliserdent  to  this  operation  has  been  recently  desig- 
",  tlie  agm/eroia  or  water*va$culfir  si/stem..^rhe  relation  between  some 
raosl  diverse  forms  of  these  organs  wiU,  perhaps,  be  made  more 
[)pareiit  by  a  gJmple  diagram.     Let  A  B  represent  the  general  external 
irfaee  of  the  body ;  then  at  a  is  shown  the  character  of  a  simple  oittward 
Itemon  of  it,  forming  a  foliaceons  gill,  such  as  is  seen  in  the  lower  Cras- 
cca;  and  In  like  manner,  h  may  represent  a  simple  infemaf.  prolongation 
rellexion,  sach  as  that  wliich  forms  the  pulmonary  sae  of  the  air-breatliiug 
mIs,     a  higher  form  of  the  branchial  apparatus  is  shown  at  e,  the 
i  y  surface  being  extended  by  the  subdivisions  of  the  gill  into 

iiidUc  luids  or  filaments,  as  we  see  in  Fishes;  and  a  more  elevated  form 
the  pnlmonar}-  apparatus  is  seen  at  </.  the  membranous  surface  being 
1^  by  subdivision  of  the  internal  cavity,  as  we  find  to  be  the  case 
ilty  in  Birds  and  Mammals.     Lastly,  at  ^  is  shown  a  plan  of  one  of 
'pulmonary  branchite"  of  the  Arachuida,  which  forms  a  kind  of  tran- 
20 
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sition  between  the  two  sets  of  organs ;  the  extent  of  surface  being  giyen  by 
gill-like  plications  of  the  membrane  lining  the  interior  of  a  pulmonic 


DiRgram  illastrating  different  forms  of  Retpiratory  Appanxtxu: — a,  fimple  leaf-like  gill; 
by  simple  respiratory  sac;  c,  divided  gill ;  a,  divided  sac;  e,  pulmonary  branchia  of  Spider. 

cavity. — ^Putting  aside  such  modifications,  however,  as  are  destined  to  suit 
the  particular  conditions  under  which  the  function  is  to  be  performed,  and 
looking  simplj  at  the  essential  characters  of  the  Respiratory  organs,  we 
shall  observe,  on  tracing  them  upwards  through  the  principal  classes  of 
animals,  the  same  gradual  specialization  which  has  been  noticed  in  the 
other  systems ;  for,  beginning  with  the  lowest,  it  will  be  seen  that  the 
general  surface  is  the  organ  of  respiration  as  well  as  of  oCher  functions; 
whilst,  in  the  highest,  the  aeration  of  the  blood  is  almost  entirely  effected 
in  one  central  apparatus  adapted  to  it  alone,  although  the  general  sur&ce 
is  not  altogether  destitute  of  participation  in  it. 

282.  In  the  simpler  Protozoa^  there  is  no  other  fluid  to  be  aerated  than 
that  which  is  contained  in  each  independent  cell ;  and  this  stands  in  the 
same  direct  relation  to  the  water-atmosphere  which  bathes  its  exterior,  as  is 
borne  by  the  fluid-contents  of  the  component  cells  of  the  highest  organum, 
to  the  blood-current  which  brings  to  them  the  oxygen  they  require  and 
carries  off  their  excrementitious  carbonic  acid.  It  may  be  presumed,  on 
the  general  principles  already  stated,  that  the  active  Infusoria  will  require 
a  greater  amount  of  respiratory  change  than  the  sluggish  Bhazapoda  ;  and 
this  is  provided  for  them  by  the  very  instrumentality  which  confers  upon 
them  their  peculiar  activity,  namely,  the  ciliary  action^  which  eiUier  propds 
them  through  the  water  they  inhabit,  or  produces  currents  in  the  fluid  in 
immediate  contact  with  their  bodies.  This  same  instrumentality,^  in  the 
composite  Sponges^  maintains  a  current  in  the  system  of  ramifying  canals 
that  extends  through  their  interior ;  a  system  in  which  we  may  be  said  to 
have  the  first  indication  of  a  gastro-vascular  cavity,  a  "  water-vascular^  or 
''aquiferous"  system,  and  a  circulating  apparatus,  not  yet  differentiated 
from  each  other.  The  fluid  which  circulates  in  the  Sponge  is  obviously  sear 
water,  holding  in  suspension  or  in  solution  those  minute  particles,  at  whose 
expense  the  growth  of  the  component  cells  of  the  organism  takes  place; 
but  it  evidently  serves  also  for  the  aeration  of  their  contents,  ai^d  also  con* 
veys  away  their  excrementitious  products. 

283.  The  provision  made  in  Zoophytes  and  Acalephe  for  the  perfonnaaee 
of  the  respiratory  function,  is  not  essentially  elevated  above  that  iHiich  pt 
flees  in  Sponges.  We  have  seen  that  these  animals  possess  no  other  drea- 
lating  fluid  than  the  chymous  product  of  digestion,  which,  mingled  wiA 
sea-water,  is  transmitted  into  the  prolongations  of  the  polype-stomachi 
through  the  absorbent  stem  and  branches  of  the  Hydraform  Zoophytes,  into 

'  See  the  observations  of  Mr.  Bowcrbank  on  the  Ciliary  moTement  in  OraiUk  cM- 
pretsa,  in  '<  Transact,  of  Microsc.  Soc,"  toI.  iii.  p.  187 ;  and  those  of  Dr.  DoUfl^  is 
"  Goodsir'B  Annals  of  Physiology,"  No.  II. 


the  perigastric  spaces  of  the  Actiniform  and  Alcjonian  polypes  (and  their 
extensions  through  the  composite  fabrics  of  which  they  form  part),  and  uiLo 
the  gastro-Tascnlar  canals  of  the  Acalephie.  This  "  chymaqneous  tluid," 
aa  it  may  be  termed,  will  serve  to  aerate  the  flnids  contained  in  the  tissues 
of  the  interior  of  the  body,  when  it  is  freshly  introduced  from  without ;  lint 
if  It  be  long^  retained  within  these  cayities,  it  will  itself  require  fresh  aera- 
tion. It  is  kept  in  continual  movement  within  them,  by  the  action  of  the 
cilia  which  usually  clothe  their  Burfaces;  and  it  is  not  improbable  that  the 
flax  aud  reflux  of  thi&t  fiuid  which  has  been  obaervcd  within  the  tcntacula  of 
Actiniae/  like  the  movement  which  may  be  perceived  in  the  contents  of  the 
gBstro-va&eaiar  canals  that  are  distribnted  near  the  margin  of  the  dislc  of 
Mednsae,  is  especially  destined  for  its  aeration,  by  exposing  it  to  the  cir- 
cumambient water  through  a  thin  intervening  septum.  It  seems  not  impro- 
bable, moreover,  that  the  orifices  which  certainly  exist  at  the  points  of  the 
tentacles  of  many  species  (at  least)  of  Actiniform  polypes,'  and  the  (so- 
called)  anal  pores  at  the  margin  of  the  disk  in  Medusa*,  may  serve  to  intro- 
doce  fresh  supplies  of  water  from  withont,  and  to  give  exit  to  that  which 
has  already  become  effete^  thus  foreshadowing  the  special  water- vascular 
system  of  higher  animals.  In  some  species  of  Actinia,  indeed,  the  integu- 
ment of  other  parts  appear  to  be  fenestrated,  so  that  the  animal  can  take  in 
or  eject  water  through  apertures  which  it  has  the  power  of  opening  or 
closing  ;  and  this  can  scarcely  be  for  any  other  parpose  than  that  of  respi- 
ration,' 

284.  The  new  relations  which  the  digestive  apparattis  acquires  in  Mchi- 
nodermnia  to  the  '*  general  cavity  of  the  body,"  involve,  as  we  have  seen, 
a  complete  diflfercntiation  between  the  chymous  contents  of  the  former  and 
the  **ebylaqueous  fluid"  of  the  perigastric  cavity,  which  here  appears  to 
serve*  in  great  part  at  least,  the  purposes  which  are  answered  in  higher 
animals  by  the  blood  (§  215).  Accordingly,  we  find  that  it  is  for  the  aera- 
tion of  this  fluid,  that  the  chief  part  of  those  special  arrangements  are  made, 
which  we  meet  with  under  various  forms  in  this  class.  It  wm  formerly  be- 
lieved that  the  water  in  which  the  Echinoderms  live,  has  free  accesa  to  the 
general  cavity  of  their  bodies ;  but  this  is  certainly  not  the  case  in  regard 
to  some  of  them,  and  it  h  very  doiii>tful  whether  it  occurs  in  any.— The 
Bimplest  provision  for  respiration  in  this  class  is  presented  by  the  Srpuneit' 
Uda,  which  form  a  connecting  link  with  th^  Artrculated  series.  The  vis- 
cera occupy  bnt  a  small  part  of  the  general  cavity  of  the  body,  and  this  is 
filled  with  a  corpnsculated  fluid,  which  may  be  seen  (in  some  of  the  tinialler 
§etni-transpareDt  species)  to  perform  a  continual  "cyclosis,"  passing  along 


'  Sec  Pr.  Sbarpey'a  aci^ount  <>f  this  moTement,  in  Art.  "  Cilia,"  »*  Cyclop*  of  Anftt. 
ftud  Fhjtaot,'*  vol.  L  p.  G14. 
■  Tli«  Author  i^QDot  but  feel  umeh  surpnRG  that  bo  manj  Anatomists  of  liigli  emi- 

«mot  sbtsiild  still  doubt  or  even  deny  the  existence  of  apertares  at  the  extremities  of 
«  t^ntttculft  of  Actjniffi.  Nothing  is  more  eotamon  thiiti  to  see  these  animnb  ejecting 
miiitite  fitr«Kiii8  of  water  froui  tbeir  tentaeulfl,  when  their  hodtes  are  eotDpresae^  U\  the 
atteinpt  to  detach  them  from  tb«ir  buse  ;  aud  it  is  geaerfiLlj  not  at  all  dilfieuit  to  recog^ 
eUe  the  apeHares,  and  the  spbinetcr  that  etirrouiida  them,  mih  the  assistance  uf  the 
mieroscope.  It  is  possible  that  such  openings  iiiay  he  wniitmg  in  Home  species.  (See 
Honard,  in  **  Ann.  des  Sd.  Ntit.,'*  S«  Ur.,  torn.  iv.  p.  2^^) 

'  The  eiisteuce  of  those  apertures  lias  been  denied,  like  thnt  of  the  tentoculnr  popes, 
because  they  Tfere  not  apparent  in  the  particular  species  examined.  They  are  probably 
more  frequently  deicient  tbun  the  tentacular  poree;  hut  the  following  testimony'  ^eema 
saost  eipHeit  as  to  their  ei^isteoce  in  some  specie*  at  least:  **The  water  in  Actinict 
.^^fcnit&mii  and  its  allies  Is  often  ejected  in  a  small  stream  from  the  perforated  tubercles 
IBr  their  akin,  and  with  such  a  degree  of  force  that  the  jet  will  rise  to  a  height  of  not  less 
than  fuor  inchea."     (Dr,  Johnston's  *"  iJritisb  Zoophytes,"  toI.  i.  p.  187.) 
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the  paxietes  of  the  body  from  before  backwards  as  far  as  the  proboscis,  and 
then  retaming  to  the  posterior  extremity  along  the  parietes  of  the  intes- 
tine. It  is  probable  that  this  movement  is  sustained  by  ciliary  action ; 
and  while  it  doubtless  serves  to  convey  nutriment  to  the  tissues  which  the 
fluid  is  thus  made  to  bathe,  its  chief  purpose  seems  likely  to  be  the  aeration 
of  the  chylaqueous  fluid,  by  bringing  it  as  near  as  possible  to  the  circum- 
ambient water,  the  skin  being  so  fenestrated  at  intervals,  by  the  deficiency 
of  the  muscular  parietes,  that  only  a  thin  membranous  layer  separates  the 
two  fluids  at  these  points.  The  chylaqueous  fluid  is  also  transmitted  into 
the  cephalic  tentacula  of  these  animals,  which,  although  essentially  prehen- 
sile in  their  character,  may  also  contribute  to  its  aeration,  being  ciliated 
both  within  and  without. — In  the  Asteriada,  we  observe  an  immense  num- 
ber of  short,  conical,  membranous  tubes,  passing  between  the  pieces  of  the 
shelly  framework,  and  projecting  externally  in  little  tufts;  these  (which 
were  formerly,  but  erroneously  supposed  to  be  perforated  at  their  extre- 
mities) are  really  branchise  for  the  aeration  of  the  chylaqueous  Qaid  which 
passes  freely  into  them,  and  is  moved  to  and  fro  by  the  action  of  cilia  lin- 
ing their  interior,  as  in  the  tentacula  of  Actiniae.^  Besides  this,  we  find  a 
system  of  vessels,  which,  though  adapted  to  a  special  purpose  in  the  econo- 
my of  the  animal,  namely,  the  protrusion  of  the  cirrhi,  is  probably  subcMNrr- 
ient  to  respiration  also.  This  consists  of  a  central  ring  around  the  mouth, 
which  is  furnished  with  numerous  pedunculated  vesicles,  apparently  con- 
tractile ;  from  this  ring  proceed  five  principal  trunks  along  the  five  ambu- 
lacra ;  and  these  trunks  seem  to  communicate  with  the  double  rows  of 
vesicles  (Fig.  37,  e)  from  which  the  tubular  cirrhi  are  sent  forth,  that 
serve  as  organs  of  prehension  to  these  animals.  The  finid  contained  in 
these  tubes  and  vessels  appears,  from  the  observations  of  M.  de  Quatn^h^ 
and  Dr.  T.  Williams,  to  be  of  the  same  nature  with  the  fiuid  of  the  general 
cavity ;  and  it  cannot  be  questioned  that,  when  projected  into  the  cirrhi,  it 
must  undergo  an  aerating  change  from  its  relation  to  the  surrounding  ln^ 
dium.  There  would  seem  to  be  no  special  provision  for  the  aeration  of  the 
(supposed)  blood  of  these  animals,  which,  not  being  distribnted  to  the 
external  surface  of  the  body,  can  only  obtain  oxygen  either  from  the  fluid 
introduced  into  the  digestive  cavity,  or  from  the  chylaqueous  fluid  tint 
bathes  the  trunks  in  which  it  circulates. — The  respiration  of  the  Bekinida 
seems  to  be  carried  on  upon  a*  plan  essentially  the  same ;  except  that  the  . 
branchial  cseca,  instead  of  being  dispersed  over  the  general  surface  of  the 
body,  are  collected  into  ten  bundles,  which  pass  through  the  fiexible  mem- 
brane surrounding  the  mouth.  The  apparatus  for  projecting  the  cirriii  ii 
hero  very  highly  developed ;  these  appendages,  when  fully  extended,  being 
often  several  inches  in  length,  so  that  the  vesicles  at  their  bases  fPig.  95,  it) 

are  required  to  be  of  considerable  size ^In  the  Jfolothurida,  however,  a 

far  more  complicated  set  of  provisions  for  respiration  is  found.  In  the  M 
place,  the  muscular  walls  of  the  general  cavity  of  the  body  are  fenestrated, 
like  those  of  the  Sipunculida,  so  that  the  chylaqueous  fiuid  can  be  expoaed 
to  the  aerating  influence  of  the  surrounding  water  through  the  skin  alone. 
Like  the  shell  of  the  Echinida,  again,  they  are  perforated  with  ciiThi,iB 
connection  with  which  the  usual  vascular  apparatus  is  developed.  Bow 
the  mouth  is  found  a  beautiful  circle  of  tentacula  (Fig.  40,  o),  which  an 
probably  at  once  prehensile  and  branchial ;  the  parietes  of  these  are  to- 
nishcil  with  true  blood vosttols  from  the  oral  ring  with  which  the  large  con- 
tractile vesicle  (Fig.  40,  p)  is  connected,  whilst  their  hollow  axes  are  filled 

*  8liiir|>cy,  op.  cU.^  p.  616. 
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with  chylaqueous  fluid  from  the  general  cavity  of  the  bodj.  Bat  we  find 
in  thia  group  a  true  aqmferotti  or  woter-vascular  system,  which,  though 
long  eonsidered  anomalous,  m  now  fcmnd  to  haye  its  homologues  in  an 
extensive  group  of  the  lower  ArticuSata.  This  is  the  '*  respiratory  tree," 
which  J  in  ita  higher  grades  of  development  extends  from  the  cloaca  into 
the  viiiceral  cjivity  in  a  beautifal  arborescent  form  on  each  side  of  the  hotly 
(Fig*  40,  r,  r),  thongh  in  the  lower  it  is  a  simple  undivided  sac.  Both 
the  stem  and  branches  of  this  organ  contain  distinct  circular  and  longitu- 
dinal muscular  fibres,  which  contract  on  being  irritated,  and  which  expel 
the  water  it  cootains,  through  it;?  cloacal  orifice,  at  tolerably  regular  inter- 
vals (such  as  ouce,  twice,  or  three  times  in  a  minute),  its*  reintroduction 
being  apparently  accomplished  by  ciliary  action.  The  contraction  of  the 
muscular  fibres  of  the  external  integument  may  probably  assist  in  the  ex- 
palior  action  ;  but  it  is  not  required,  eince  the  respiratory  movement  con- 
tinues even  after  the  sac  hm  been  laid  open.  One  of  the  branches  of  the 
'*  respiratory  tree"  lies  in  close  contiguity  with  the  alimentary  canal,  so 
^lat  the  blood  in  the  respiratory  plexus  (Fig,  40,  v  r)  of  the  mesenteric 
IIH^tem  of  vessels,  will  be  broupjht  into  immediate  relation  with  the  aerating 
fluid  introduced  by  it ;  the  other  branch  lies  in  nearer  proximity  to  the 
parietes  of  the  body,  and  its  respiratory  action  is  probably  exercised  rather 
upon  the  *' fluid  of  the  general  cavity,"* 

285.  It  is  among  the  Termiform  members  of  the  Articulated  series  that 
we  find  the  *' water- vascular"  system  acquiring  its  highest  development. 
Bat  it  will  be  denirable  first  to  etudy  it  under  the  simpler  form  it  presents  in 
the  Eot$fora,  whidi  have  no  rudiment  of  a  sanguiferous  system,  the  ehyla- 
qneou^i  fluid  of  the  general  cavity  of  the  body  being  the  medium  alike  for 
conveying  untri men!  to  the  solid  tissues,  and  for  effecting  respiratory  changes 
in  them.  On  either  side  of  the  body  of  these  animals,  there  is  osually  found 
a  long  flexnous  tube  (Fig,  1K>,  t,  i), which  extends  from  a  contractile  vesicle 
(common  to  both)  that  opens  into  the  cloaca,  towards  the  anterior  region  of 
the  body,  where  it  frequently  subdivides  into  branches,  one  of  which  may 
arch  over  towards  the  opposite  side,  and  inosculate  with  a  corresponding 
branch  from  its  tube.  Attached  to  each  of  these  tubes  are  a  number  of 
peculiar  organs  (usually  from  two  to  eight  on  each  side)  in  which  a  trem- 
bling movement  h  seen,  very  like  that  of  a  flickering  flame  j  these  appear  to 
be  pear-shaped  sacs,  attached  by  hollow  stalks  to  the  main  tube,  having  a 
long  cilium  in  the  interior  of  each,  attached  by  one  extremity  to  the  interior 
of  the  sac,  and  vibrating:  with  a  quick  undulatory  motion  in  its  cavity;  and 
there  can  be  no  doubt  that  their  purpose  is  to  keep  up  a  continual  movement 

'  Oo  th«  rcipiration  of  the  Echmodermatu,  ete  especially  the  Memoir  of  Jl.  de  Qua- 
trefngtf  **Sur  k  CavitA  gdn^rale  du  Corps  des  Inv^rt^brua,'*  in  ^*  Ann.  dea  Sci.  Nat," 
S«  S^n,  Zooi»  torn.  xiv. ;  and  tUe  leas  eotitid  but  more  detailed  ^femoirs  of  Dr,  T*  Wjl- 
Jiami,  •*  On  the  Blowd-propcr  and  the  Chylnqiieoiis  Fluid  of  InTcrtebrated  Animals/' 
la  Phllosi,  Trutijgact./*  1852;  aud  **Oii  the  Meclniniam  of  Aquatic  EeapiFatioTi,'*  kQ.,  in 
*^  Ann,  of  Kot,  Hisl./' 2d  Ser.,  toll.  12,  13,— The  whole  of  the  vaacular  system  cou- 
ii«<3ltd  with  the  cirrhi  i«  regarded  bj  You  Siebold  iind  others  as  bctoDging  to  his  '« Wa- 
tcr-f  ascttlar''  or  **  aquiferous"  By  stem  ;  but  the  Author  doe  a  not  see  adequate  reason 
for  so  cons^itkring  1%  and  thinks  that  it  rancli  more  falrlj  ranks  &n  ft  Bpecial  apparatus 
exelngively  belonglog  to  this  claaa.  That  it  is  at  first  developed^  aa  the  observations 
of  Vmt  M tiller  hare  showu,  hy  an  inversion  of  the  eiternal  int«gymentt  nnd  is  for 
acnne  time  in  free  connection  with  the  eiterior,  b^ing  only  ahut  off  when  its  internal 
7iimil!eattot]»  have  been  exteoKively  deTelnped,  is  no  argumctit  against  the  latter  view ; 
Whilst  il  ia  much  In  favour  of  it,  and  against  the  determinatioQ  of  Von  Siebold,  that  a 
true  water* vascular  iysteia  eilsts,  concurrently  with  the  uysteoa  of  the  cirrhi,  iu  the 
EolclJi^uriila — the  ^np  that  presents  the  nearest  Rpproach  to  the  Vemiiform  tribes, 
in  which  this  system  Is  most  charactcriatically  disiplayed. 
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Fig.  186. 


in  the  contents  of  the  aquiferous  tubes.  ^ — Similar  lateral  vessels,  famished 
iutemallj  with  yibratile  cilia,  and  often  ramifying  more  minutely  (especially 
in  the  h^  and  anterior  part  of  the  body)  are  found  in  many  of  that  group 
of  Vermiform  animals,  clothed  over  the  whole  surface  of  their  bodies  wi^ 
cilia,  to  which  the  designation  Turhellaria  has  of  late  been  given.  These 
vessels  have  been  conmionly  regarded  as  sanguiferous;  and  it  is  certain  that 
the  fluid  which  they  contain  is  sometimes  coloured,  like  the  (so-called)  blood 
of  Annelida ;'  but  it  is  certain,  also,  that  they  have  usually,  probably  always, 
external  orifices,  these  being  sometimes  nunierous.  In  Nais^  instead  of 
actually  opening  into  the  cloaca,  one  set  of  them  comes  into  close  relation 
to  the  rectum,  the  interior  of  which  is  richly  ciliated ;  thus  reminding  us  of 
the  parallel  distribution  of  the  tracheal  system  in  the  larrss  of  LihmvUda 
(§  305).  In  fact,  it  seems  not  improbable  that  the  "  water-yascalar"  system 
of  the  lower  Articulata  (which  are  all  aquatic)  is  the  homologue  of  the  tra- 
cheal system  of  the  air-breathing  Myriapods  and  Insects ;  and  that,  where  it 
does  not  convey  water  directly  introduced  from  without,  the  fluid  which  it 
contains  is  specially  subservient  to  respiration,  establishing  a  communication 
between  the  aerating  surface  and  the  tissues  of  the  body  generally.  There 
is  an  almost  complete  absence  among  the  Turbeliaria^  of  any  more  special 
respiratory  organs.  The  whole  tegument  of  the  body,  being  soft  and  clothed 
with  cilia,  is  probably  subservient  to  this  function ;  but  there  are  occasion- 
ally to  be  observed  about  the  head  (as  in  JVemerlet) 
particular  groups  of  cUia  longer  and  more  closely  set 
than  the  rest,  reminding  us  of  the  "wheels''  of  the 
Rotifera. 

286.  This  ''  aquiferous"  system  of  vessels  presents 
its  greatest  complexity  and  most  elevated  character 
in  the  group  of  Entozoa;  whilst  at  the  same  time, 
there  are  certain  types  even  of  that  class,  in  which  it 
exists  under  its  most  simple  and  least  doubtful  as- 
pect. It  is  only,  in  fact,  by  tracing  it  through  its 
principal  forms  and  gradations  that  the  real  import 
of  some  parts  of  this  system  can  be  ascertained.  In 
the  Cestoid  worms,  we  find  four  principal  canals,  two 
on  each  side  (Fig.  136,  a,  5),  running  along  the  body 
at  or  near  the  margins  of  the  segments,  and  connected 
together  by  transverse  branches;  these  anastomoee 
with  one  another  freely  in  the  head,  those  of  the  op- 
posite sides  being  generally  connected  by  an  arched 
canal ;  whilst  at  the  opposite  extremity  they  all  termi- 
nate in  a  single  contractile  sac  opening  extemallf- 
Besides  these  trunks  (of  which  the  two  larger,  a,  hate 
Segment  of  T<tma  •o-  ^^eu  considered  as  a  double  alimentary  canal),  ^ 
Hum;  displaying  a,  b,  Is  a  Superficial  system  of  vessels  more  minutely  dii- 
the  larger  and  smaller  tributed,  which  has  been  regarded  as  sanguiferous; 
longitudinal  trunks  which  ^^^  ^y^^^  ^^^  y^^  ^^^^  ^^^  connection  with  the  pre- 
ceding, and  their  parietes  are  furnished  with  vibratile 


pass  along  each  side; 
ovary ;  d,  genital  orifice, 


»  See  Huxley  "  On  Laeinunaria  SoeialtM"  in  «*  Transact  of  Micros.  Soc.,"New8erfHi 
YoL  i.  Mr.  Huxley's  description  of  these  organs  differs  from  that  prerioasly  gimi  ^ 
other  observers,  who  have  supposed  that  these  pyriform  sacs  had  apertures  of  oomon- 
nication  with  the  general  cavity  of  the  body ;  but  the  author  bos  much  confidence  tint 
Mr.  Huxley's  account  is  the  correct  one. 

3  See  the  Memoir  of  M.  de  Quatrefages,  "  Sur  les  N^mertiens,"  in  «  Ann,  des  SoL  Natt" 
8«  S^r.,  ZooL,  tom.  vi. 
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Fig,  137 


cilia,  which  keep  up  a  moYcment  of  their  contents.  There  is,  then,  no 
true  sanguiferous  system  in  the  Cestoid  Worms,  any  more  than  tliorc  is  an 
alimentary  caualj  both  being  replaced  by  the  direct  absorption  of  the 
uutritioua  Juices  from  without,  in  a  slate  ready  for  assimiliitiou.  Yet  it  ia 
probable  that,  m  ia  the  caseH  last  cited,  the  "  water- ra^cular*'  system 
contains  some  other  flnid  than  pure  vvater;  and  it  may  even  serve,  aa  Prof, 
Yan  Beneden  has  suggested,  for  a  urinary  apparatng.  The  flnid  contents 
of  these  vesselij,  whatever  their  nature  may  bt%  are  kept  in  motion  partly 
by  ciliary  action  in  their  interior,  and  partly  by  the  contractility  of  their 
walJs ;  the  former  method  sccmB  to  prevail  in  the  smaller  trunks,  the  latter 
in  the  large.  In  the  Trematode  Worms,  we  find  a  regular  gradation  from 
what  is  unquestionably  a  "  water-vascular*'  system  homologous  with  that  of 
the  Ceatoidea,  to  an  apparatus  which  nearly  approaches  the  reputed  sangui- 
ferona  system  of  the  Annelida.  One  of  its  most  interesting  forms  is  that 
presented  by  the  Di stoma  terettcolk ;  in  which 
we  find  an  elongated  contractile  canal,  termi- 
nating posteriorly  in  an  external  orifice,  giving 
off  two  contractile  trunks,  which  pass  along  the 
two  sides  of  the  body  without  any  change  of 
dimension,  and  aaite  in  an  arch  above  the  mouth. 
The  fluid  of  these  vessels  h  colourless,  and  con- 
tains some  minute  corpuscles.  Bat  besides 
ihem,  there  are  a  considerable  number  of  smaller 
iTiuiks,  giving  off  branches  that  form  a  network 
resembling  that  shown  in  Fig.  137  ;  these  trunk s, 
how^ever,  have  been  distinctly  found  by  M,  Yan 
Beneden  to  discharge  themselves  into  the  tw^o 
principal  lateral  canals,  so  that  they  must  be 
considered  as  forming  one  system  with  them, 
although  the  fluid  which  they  contain  is  colour- 
ed. This  system  of  vessels,  therefore,  although 
nsaally  described  as  sanguiferous,  cannot  be 
properly  regarded  In  that  light ;  and  it  is  obvious 
that  even  when  (as  happens  in  the  Uchinarh^t^, 
which  are  closely  allied  to  the  Trematoda)  there 
are  no  pale,  ciliated,  non-contractile  aquiferous 
vessels,  terminating  in  an  external  orifice,  but 
only  red,  non-ciliated,  contractile  vessels,  which 
C4innot  be  traced  into  connection  with  the  ex- 
terior, we  must  abstain  from  regarding  the  latter 
as  a  trae  '*  sanguiferous"  system,  since  they  are 
obTfausly  but  an  offset  {so  to  speak)  from  the 
'"aqmferons,"  specially  developed  in  this  par- 
ticular group  of  animals.— The  nature  of  the 
TOBcular  system  in  the  Nematoid  worms  (Fig, 
52)  has  not  yet  been  made  out;  but  there 
appears  siroiig  ground  for  the  belief  that  in 
tbjk  order  also,  what  has  been  usually  regarded 
as  a  sangiiiferous  system  really  belongs  to  the 
**  aquiferous"  type,* 


Aoatcimj  of  ^nrnilftln  htpatit^ 
(Distomn  bepfttlciim)  enlarged, 
ihoiring  tb«  rtiiniflcationE  of  tho 
di^stire  cavHy  through  ibe 
¥r|i^te  body  of  this  nDimnlj  und 
tho  vfUQular  DLHwork  coDDCictcd 
with  A  raodisa  tranki  a,  the 
dautb. 


*  8*e,  on  tliia  tao&t  irapoHftut  subjeot,  the  treftttae  on  "Ltia  Vera  CoatoidcB/'  by  Proft 
T»n  Bptit^deu  (BriixcUea,  1850);  «ad  hia  Note,  **Sur  Tftppareil  circulatojrc  d«s  Trema- 
todea/'  m  **.4nu.  dea  SoL  Nat.»"  3»  S*&r,  Zw>l.,  torn.  xvii.  Also,  Sicbold,  "  tJeber  den 
Ovaeratiun^a  weoha^l  der  Ccato4en/'  ia  »*  SieboM  and  KoUikcr'a  Zoitscbrift,'*  1850; 
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28Y.  An  arrangement  of  a  different  kind,  bnt  one  that  seems  referable 
to  the  *'  water- Yascnlar"  system  of  inferior  Articnlata,  is  fonnd  in  the  Iteech 
and  Earthworm,  which,  with  their  allies,  constitnte  the  Monaciaus  group  of 
Annelids.  In  the  medicinal  Leech,  there  is  found  on  either  side  of  the  pos- 
terior part  of  the  body  a  series  of  seyenteen  pairs  of  saccnli,  lying  between 
the  digestive  cseca,  and  opening  by  narrow  external  orifices ;  although  these 
were  long  ago  considered  as  respiratory  organs,  yet  they  have  been  of  late 
more  generally  regarded  as  organs  of  secretion  ;*  their  homologieal  character, 
however,  as  a  "water-vascular"  system,  appears  to  be  demonstrated  by  the 
existence  of  intermediate  forms,  which  connect  it  with  the  aquiferous  system 
of  Entozoa.  Thus,  in  Branchiohdellaj  there  are  but  two  pairs  of  external  ori- 
fices, one  at  the  anterior  and  the  other  at  the  posterior  extremity  of  the 
middle  third  of  the  body ;  each  of  these  leads  to  a  trunk,  which,  after  dilat- 
ing into  an  ampulla,  gives  off  several  tortuous  canals,  the  lining  of  which 
is  ciliated.  In  the  Earthworm,  again,  there  is  found  in  each  segment,  and 
on  either  side  of  the  digestive  tube,  an  enteroid  vessel  which  returns  upon 
itself,  and  which  is  lined  with  cilia ;  and  in  other  Lumbricidse,  these  ves- 
sels have  csBcal  terminations  in  the  general  cavity  of  the  body,  furnished 
like  the  water-vessels  of  Rotifera  (§  285),  with  long  cilia.' — ^Nothing  similsr 
to  this  has  been  found  among  the  branchiferous  Annelida ;  and  it  would  seem 
as  if  the  water-vascular  system  were  superseded  in  them  by  the  apparatofi 
provided  for  aquatic  respiration,  which  will  hereafter  be  described  (§  298). 
— The  close  resemblance  which  seems  to  exist  between  the  multiple  saccoU 
of  the  Leech,  and  the  air  sacs  of  the  lower  Myriapoda  (§  301),  strengthcDS 
the  reasons  already  advanced  (§  285),  for  regarding  the  "  water- vasculir'' 
system  as  the  real  homologue  of  the  tracheal  system  of  Myriapods  and  In- 
sects. And  if  the  suggestion  already  thrown  out  (§  219),  respecting  the 
real  nature  of  the  supposed  sanguiferous  system  of  Annelida,  should  prore 
well  founded,  this  also  would  find  its  parallel  in  the  c/biec^  tracheal  apparatus 
of  certain  Insect-larva  (§  305),  which  is  connected,  like  it,  with  a  branddsl 
apparatus ;  the  difference  between  the  two  being  that  the  latter  contains 
and  distributes  otV,  whilst  the  former  is  filled  with  an  aertferaus  fluid  which 
can  scarcely  be  called  blood,  the  distribution  of  nutritive  materials  being 
accomplished  in  both  cases  by  the  fluid  of  the  "  general  cavity  of  the  body.'' 

288.  Branchial  Respiration, — In  by  far  the  larger  proportion  of  aquMC 
animals,  including  nearly  the  whole  of  the  Molluscous  sub-kingdom,  the 
classes  of  Annelida  and  Crustacea  among  the  Articulated,  with  Fishes  and 
Batrachia  (at  least  in  their  early  or  larval  condition)  among  the  Yertebrated, 
we  find  the  circulating  fluid  transmitted  for  aeration  to  external  appendageii 
which  are  disposed  in  the  various  forms  of  leaflets,  fringes,  tufts,  &c.,  sad 
the  water  in  contact  with  which  is  continually  renewed,  sometimes  by  the 
action  of  the  cUia  that  clothe  their  surfaces,  sometimes  by  a  muscidar  9fff^ 
ratus  specially  adapted  for  the  purpose.  These  branchi€e,  however,  are  not 
always  apparent  externally;  being  frequently  inclosed  in  some  extension  of 
the  integument,  which  either  simply  covers  them  in,  or  which  forms  a  special 

Wagener,  in  "  Mailer's  Arohlv.,"  1861 ;  and  «« Brit  and  For.  Med.-Cbir.  Rev.,"  toL  x. 
pp.  824-6. — The  author  is  informed  by  his  friend  Mr.  Huxley,  that  he  has  recently  de- 
tected in  the  MearU  (a  Nematoid  Entozoon)  of  the  Plaice,  two  non-ciliated  lateral  ooB- 
tractile  Teasels,  extending  the  whole  length  of  the  body,  and  united  over  the  oesopluigv' 
by  a  transverse  branch  which  appeared^  to  open  externally. 

>  See  Quntrefages,  in  "Ann.  des  Sci.  Nat.,"  8«  S^r.,  Zool.,  torn.  xiv.  p.297. 

'  These  terminations  have  been  affirmed  by  good  observers  to  be  sometimes  9f»- 
See  Leydig  on  Branchiohdella^  "Zeitschrift  fQr  Wissen.  Zool.,"  Band  III.,  and  0«g<ft' 
baur  on  the  Earthworm,  Ibid.,  Band  IV.      Mr.  Huxley  has  also  seen  them  in  N9ii» 
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chamber  for  their  reception,  with  oriEees  of  entrance  and  of  exit  for  the 
water  tliat  is  conveyed  over  the  respiratory  surface. ^As  it  is  in  the  Mol- 
iuscous  sub-kingdom,  that  this  plan  of  resjiiration  is  most  characteristieally 
developed,  we  shall  fii-st  examine  the  principal  forms  of  the  bmnchia]  appa- 
ratus which  it  presents;  and  shall  then  proceed  to  notice  its  chief  pecali- 
antics  iu  Articulated  and  in  Yertebrated  animals. 

289.  The  lowcs^t  division  of  this  series,  however — namely,  the  group  of 
Bryozou — can  scarcely  be  said  to  possess  any  special  respiratoi^  apparatus, 
the  degradation  of  their  circulating  system  extending  itself  also  to  this ; 
Still ^  the  aeration  of  the  initritious  fluid  that  occupies  their  visceral  cavity 
seems  to  be  provitled  for,  by  its  transmission  along  channels  in  the  interior 
of  their  ciliated  tentacnla  (Fig.  49,  1>,  h^h) ;  nnd  it  has  also  been  observed 
that  the  ^ide  pharynx  is  sometimes  dilated  with  water,  wdiich  is  expelled 
again  without  passing-  into  the  stomach,  as  if  it  had  been  taken  in  for  the 
aeration  of  the  flnids  of  the  body  J — In  the  class  of  Ttmicala^  of  which  the 
Bryozoa  may  be  regarded  as  a  degraJed  form,  we  find  (save  in  a  few  aber- 
rant genera)  a  highly  specialized  apparatus  for  the  pcribrmance  of  the  re- 
spiratory function.  This  apparatus  is  always  connected  with  the  tntrunce 
to  the  alimentary  canal ;  and  the  currents  of  water  set  in  motion  by  the  eilia 
that  cover  it,  serve  (like  those  impelled  by  the  ciliated  crown  of  the  Bry* 
ozoa)  the  double  purpose  of  bringing  fresh  supplies  of  food  to  the  digestive 
cavi  ty,andofwatertotheaeratingsarfaee.  Twotypesofc  oaf orraati  o  n ,  t  hat 
are  at  first  sight  very  diflferent,  present  themselves  in  the  respiratory  oppa- 
ratQS  of  this  class ;  the  most  simple  being  that  of  the  Salpldr^^  the  most 
elaborate  that  of  the  ordinary  Ascidta^is.  In  the  Salpida^,  we  find  the  large 
eartty  that  occupies  the  greater  part  of  the  interior  of  the  body,  to  be  tra- 
Tersed  by  a  ribbon-Jike  fold  of  its  lining  membrane  (Fig.  122,  a,  d),  which 
stretches  obliqnely  from  its  anterior  attnchment  a  little  behind  the  oral  oirifice 
(a),  to  its  posterior  attachment  to  the  vis^ceral  nucleus,  between  the  ceso- 
phi^eal  orifice  and  the  rectum;  thus  partiaily  dividing  the  caTity  into  two 
parts,  an  anterior  or  pharyngeal  ^  and  a  posterior  or  cloacal.  The  anterior 
u  really  the  dilated  pharynx,  which,  in  an  early  stage  of  the  development 
of  these  animals,  extends  directly  (as  in  Bryozoa)  from  the  oral  orltice  to 
the  entrance  of  the  cDso]vhngns ;  a  condition  which  is  permanently  retained 
in  ibe  eurions  Apptndicidaria.     The  posterior  portion,  on  the  other  hand, 

tft^ally  a  distended  cloaca,  formed  by  an  inflection  of  the  second  tunic 
and  the  ana!  orifice;  this  inflection  commences  in  the  embryo  as  a  simple 
iepewion  of  the  surface,  and  tlicn  extends  inwards  go  as  to  meet  the  pha- 
fTBgteal  sac,  with  which  it  eomes  to  communicate  by  a  large  aperture  on 
each  aide;  and  this  gradual ly  widens,  until  the  whole  forms  one  respiratory 
sac,  of  which  the  alimentary  canal  (both  of  whose  orifices  are  received  into 
it)  seems  bat  a  divert icnlum.  The  branchial  lamella,  formed  by  the  united 
lining  membranes  of  the  pharyngeal  and  cloacal  cavities,  is  traversed  by  an 
extension  of  the  great  *'sjnus-8ystem,"  which  passes  in  between  its  two 
layers  ;  in  some  species,  only  a  single  grand  sinus  mns  through  it;  but  in 
others  there  is  a  complex  system  of  vascular  ramifications,  extending  from 
this  sinus  over  its  surface,  as  shown  in  Fig,  122.  It  is  beset  with  ciJia  on 
either  side  of  its  free  edge  j  and  by  the  action  of  these  a  current  of  water 
is  continually  drawn  in  through  the  oral  orifice,  and  propelled  backwards, 
part  of  it  enteriug  the  cesophagus,  but  another  part  at  onec  passing  into 
the  cloacal  portion  of  the  cavity,  to  be  expelled  through  the  anal  orifice  or 
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vent  (b).  Althoagh  this  organ  is  nndoubtedlj  the  special  instrament  of 
respiration,  yet  it  can  scarcely  be  questioned  tiiat  the  whole  lining  mem- 
brane  of  the  cavity  is  also  subservient  to  the  same  action,  especially  where 
this  is  minutely  vascular  throughout,  as  shown  in  Fig.  122,  b.  Ciliary  ac- 
tion is  not  the  only — perhaps  not  the  principal — ^means  of  renewing  the 
water  required  for  respiratory  purposes  in  the  SalpidsB ;  for  thej  execute 

Fig.  188. 


A,  Oronp  of  Perophora  (enlarged),  growing  from  a  oommon  stalk : — ^B,  dngle  P<ro|il«ri; 
a,  test;  h,  inner  sac;  c,  branchial  sac,  attached  to  the  inner  sao  along  the  line  &€^;  €,•,% 


like  processes  projecting  inwards;  /,  cavity  between  test  and  internal  ooat; /'y  anal  oiilee  « 
funnel:  g,  oral  orifice;  g^,  oral  tentacala;  &,  downward  stream  of  food;  h',  oBtophagM;^ 
stomach,  k,  Tent;  I,  ovary  (?) ;  n,  vessels  connecting  the  oironlation  in  the  body  with  that  to 
the  stalk. 

rhythmical  movements  of  alternate  contraction  and  dilatation,  the  formtf 
being  accomplished  by  the  instrumentality  of  their  muscular  bands,  ^ 
latter  by  the  elasticity  of  the  ''test"  when  the  muscular  action  ceases;  tad 
in  this  manner  the  water  received  into  the  cavity,  being  prevented  from  le- 
turning  through  the  oral  orifice  by  a  bilabiate  valve  which  closes  it,  is  ejected 
through  the  anal,  with  a  force  that  drives  the  animal  in  the  opposite  direc- 
tion  In  all  the  tribes  which  make  up  the  group  of  Atcidians,  on  the  otfacr 

hand,  the  dilated  pharynx  (Fig.  138,  b,  c)  is  completely  embraced  by.tts 
inflected  cloacal  sac,  save  along  the  dorsal  line,  where  the  great  thorioc 
sinus  intervenes;  and  the  communication  between  them  is  established  by* 
number  of  vertical  slits,  arranged  in  regular  rows,  and  fringed  with  w 
very  closely  set  together  (Fig.  139).  This  peculiar  conformation,  liketW 
of  the  Salpidss,  is  only  attained  as  embryonic  development  advances;  ftf 
the  cloacal  sac,  which  commences  as  a  superficial  depression  in  the  podtioft 
of  the  anal  orifice,  is  gradually  inflected  inwards,  until  it  almost  eatiaij 
surrounds  the  pharynx ;  and  in  the  pharyngeal  wall  thus  formed  by  ^ 
coalescence  of  the  two  contiguous  membranes,  one  aperture  is  formed  after 
another,  until  the  entire  series  is  completed.  The  spaces  between  the  rowt 
of  slits  are  occupied  by  thickened  transverse  bars ;  and  these  contun  ex- 
tensions of  the  sinus-system,  along  which  the  circulating  fluid  passes  be- 
tween the  great  sinus  which  runs  vertically  along  the  dorsal  margin  and  die 
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Portion  of  br&tiohial  tm  of 
Ftrophortt,  highly  id  Ago  i- 
Bed,  shoiring  tho  alitet  lined 
with  cilia^  Dod  tb<i  cmraaU 
of  blood  fiowipg  belwcen 
them. 


other  which  passes  along  the  ventral  margin.  The  spaces  between  the  slits 
of  the  same  row  are  not  thus  thiekenedj  but  they 
seem  to  cotitam  extensions  of  tlie  si nns- system,  ait 
globules  of  blood  maj  be  seen  to  move  in  them. 
iVom  the  transveTse  bars,  digitiform  processes  are 
occasionally  sent  into  the  cavity;  and  the  oral 
orifice  is  nan  ally  frin|rcd  with  a  set  of  ten  taenia 
projecting  inwards.  The  nse  of  these  wonld  ap- 
pear to  be,  to  receive  impressions  from  particles 
drawn  in  by  tLe  respiratory  current,  whose  pres- 
ence is  unsuitable;  these  impressions  serving  to 
excite  a  contraction  of  the  muscular  sac,  whereby 
a  [nish  of  water  is  expelled  through  one  or  both 
orifices — an  action  analogous  to  that  of  congliing 
in  the  higher  animals.  No  such  muscular  raove- 
iBent3  are  concerned,  however,  in  sustaining  the 
ordinary  respiratory  current;  this  being  entirely 
kept  up  by  the  action  of  the  cilia,  here  so  abund- 
antly distributed-  The  greater  part  of  the  water 
thus  drawn  in,  is  at  once  transmitted  through  the 
slits  IE  the  branchial  sac,  into  the  cloaca,  whence 
it  Is  ejected  by  the  vent ;  the  solid  particles  fit  for  food,  however,  are  re- 
taiined,  and  are  gradually  carried  down  to  the  entrance  of  the  oesophagus; 
and  the  small  stream  of  water  which  passes  with  them  into  the  alimentary 
canal,  is  discharged  through  the  intestine  into  the  cloaca,  so  as  to  pass  out 

bj  the  veiit Notwithstanding  the  apparent  difference  between  these  two 

plans,  they  are  really  reducible  to  a  common  type ;  as  is  shown  alike  by  the 
hi&tory  of  their  development,  and  by  the  occurrence  of  intermediate  forras, 
such  m  Dolhlum  and  Pyrosoma,  which  establish  the  transition  from  one  to 
the  other.  The  curious  Appmdicidaria  permanently  resembles,  both  in  ita 
general  strneture  and  in  the  conformation  of  its  respiratory  apparatus^  the 
larvae  of  the  Aseidians-  For  it  possesses  no  cloacal  cavity,  the  intestine 
opening  directly  on  the  external  surface;  the  dilated  pharynx  has  therefore 
no  internal  communication,  save  with  the  alimentary  canaj ;  and  the  water 
which  is  taken  into  it  for  respiratory  imrposes,  and  is  not  required  to  pass 
through  the  intestinal  tube  is  ejected  again  by  the  oral  oridce.  Thus, 
whilst  possessing  the  peculiar  conformation  of  a  larval  Asciclian  (being 
unattached,  and  moTing  freely  through  the  water  by  a  long  caudal  append- 
age, like  an  Amuroucium  in  its  early  state,  Fig.  246),  this  curious  being 
shows  but  a  rery  slight  departure  from  the  Bryozoic  type*  For  if  the  ten- 
t&eular  circle  of  a  Bryozoon  were  to  become  mdimentary,  if  the  general 
cavity  of  its  body  were  to  be  contracted,  by  the  partial  adhesion  of  its  op- 
posite walls,  into  a  sinus-system,  and  if  one  portion  of  this  should  acquire 
a  contractile  coat,  we  should  have  all  the  essential  parts  of  the  digestive^ 
circnlatory  and  respiratory  ap]mratuses,  nearly  in  the  relations  which  they 
actually  bear  to  one  another  in  Appendicularia.* 

>  See  tfat  MoDogmpb  of  Prof.  Milne-Ed  w^irda,  **S  (tries  Aieidiei  Cotnpos^a'^  (1840); 

Jta  Memoirs  of  Mr.  Huxley,  on  the  **  Anatomy  of  Sulpa  ami  Pyroaomii^"  and  oa  '*  Do- 

9[p|]m  <it]d  Appendicularia,-^  in  ''Philos.  TmDsact.,'^  1651  \  and  the  Notice  hy  the  aame 

tscetient  and  jihilosopUicnl  observer  m  tbc  **  Report  of  the  Bntish  Asaoeiatton,"  18.52. — 

A  Yery  ingenious  idea  of  the  Homology  of  Ihc  Organa  of  the  TunicatA  and  Polyxoa 

(Brjoioa)  has  been  put  forth  by  Prof*  Allmivn  in  tlie  **Tninsagt  of  the  Hoy.  Irisb 

Aeod*/*  to],  xxli. ;  but  the  Autlior  agrcea  with  Mr,  Huxley  in  conaidoring  iMs  idea 

t«  be  negatived  by  ibe  pbenomen&  iif  d^vebpnieut,  us  obaerred  by  ErobUf  ^'MuUer'ti 

ArcbiT.."  1852, 
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Fig.  140. 


290.  Passing  on  now  to  the  Bivalve  Mollasks,  we  find  that  the  expansions 

of  the  mantle  which  line  the  shells  of  the 
Brachiopoday  and  over  which  the  blood 
is  freely  distribnted,  constitute  their  prin- 
cipal organ  of  respiration ;  the  snrrouDd- 
ing  water  being  freelj  admitted  to  the 
space  between  the  valves,  and  being  pro- 
bably kept  in  motion  by  the  agency  of  the 
cilia  that  clothe  the  ''arms."    In  those 
species  In  which  the  shell  is  perforated  hj 
cffical   extensions    proceeding  from   the 
great  sinus  system  within  each  valve  to  its 
external  surface  (§  236  note),  it  is  proba- 
ble that  these,  like  t^e  papill»  of  the  Nn- 
dibranchiate  Gktsteropods  (§  291),  may 
serve  as  an  additional  means  for  aerating 
the  blood.    As  the  blood  which  circulates 
among  the  viscera  and  in  the  ciliated  arms 
must  be  brought  into  aerating  relation  to 
the  water  that  is  in  contact  with  eveiy 
part  of  the  thin  integument,  there  seems 
the  less  reason  for  any  peculiar  specialisa- 
tion  of  the  respiratory  apparatus.    The 
Lingula  (Fig.  82)  presents  in  some  degree 
a  transition  from  this  low  type,  towiids 
the  higher  condition  of  the  LAmellibnui- 
chiate  bivalves ;  its  mantle  being  thrown 
into  plaits  or  folds,  which  prefigure  cAeif 
lamellated    branchise.* — In   tiie  LotmM' 
branchiate  Bivalves  we  find  the  interml 
surflEice  of  the  expansions  of  the  mantie 
that  line  the  valves,  to  be  doubled  (as  it 
were)  into  four  ribbon-like   folds  (Kg. 
140,  c),  which  are  very  minutely  supplied 
with  bloodvessels  (Fig.    123,  f,f),  and 
which  are  obviously  &e  special  orgaas 
of  aeration,  though  the  general  snrnee 
of  the  mantle  still  doubtless  partidpatei 
in  that  function.     Of  the  four  branchial 
lamellae,  two  are  attached  to  each  lobe  of 
the  mantle;  and  each  of  them  consists  of  two  folds  of  its  membrane  (as  will 
be  seen  in  Fig.  141,  c),  which  are  continuous  at  its  edge  (c)  and  are  attadwd 
at  certain  points  of  their  contiguous  surfaces  (it),  but  are  separated  at  othen 
by  intervening  channels  {g.g),  the  interval  between  them  being  widest  at 
the  base.     Only  one  of  these  lamin®  is  usually  attached  (/),  ti^e  borden 
(«,  e)  of  the  others  being  free,  so  that  a  probe  may  be  passed  between  theB 
into  the  interior  spaces  (^,  g)  between  the  layers.     The  structure  of  these 
layers  varies  considerably  in  the  different  families  of  the  class ;  for  in  some 
instances  they  are  continuous  membranes,  perforated  (like  the  branchial  sac 
of  the  Ascidians)  with  slits  arranged  in  rows  and  fringed  with  cilia,  the  in- 
tervals between  which  are  occupied  by  blood-channels ;  whilst  in  other  in- 

>  The  term  PaUiohranehiata  has  been  proposed  by  Prof.  Owen  as  an  appropriate  dt- 
signation  for  this  group,  being  indicative  of  the  performance  of  the  respintoiy  Amctioa 
by  the  general  surface  of  the  mantle. 


Interior  Tlew  of  Pholat  erUpata,  the 
mantle  being  laid  open  along  the  ven- 
tre margin :— <i,  inourrent  siphon,  and 
bf  excurrent  siphon,  having  whalebone 
probes  passed  through  them  into  the 
chambers  with  which  they  respeetivelj 
communicate;  c,  branchial  laminss;  d, 
anal  chamber  laid  open,  showing  four 
rows  of  orifices  leading  to  tubes  between 
branchial  laminss;  «,  e,  labial  tentacles; 
/,  accumulation  of  particles  of  indigo, 
propelled  along  the  edges  of  the  gills; 
g,  oral  orifice ;  k,  foot 
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«tances  they  seem  made  np  of  ciliated  bars  containing  blood-cbauEels,  bat 
liaTitig  few  points  of  tin  ion  with 
^li  other.  In  either  coj^i?,  how- 
«Ter,  the  effect  is  tJie  same.  The 
i^ater  is  propeIl(?d  OTer  the  surfaee 
of  the  hranehiai  lamelhe  in  a  coa- 
stJMQt  stream,  hy  the  action  of  the 
cilja  that  bonier  their  fissures,  whibt 
tbo  blood  is  made  to  traverse  the 
int^rroning  between  these 
and  is  thus  efeetually 
■mlcfl.  The  water  that  has  per- 
foTQied  this  office,  passes  through 
the  fissures  into  the  spaces  (<?,  ^) 
between  the  hranehiai  lamellEe,  and 
is  discharged  in  a  stream  from  the 
extremity  which  is  nearest  the  anal 
outlet.  It  is  only  in  a  eompara- 
r  mil   number  of  Lamelli- 

i,  that  the  two  lobes  of 
ikv  mutiiW  are  free  (asiu  the  Oyster) 
alo»i?  the  entire  margin  of  the 
valvi^s^  so  lirnt  the  water  can  enter 
at  atij  poitit ;  for  they  are  generally 
fouiui  la  be  more  or  lesa  united,  ao 
that  the  gilh  beeome  inclosed 
within  ti  branchial  caTity.  There 
18  always  a  profision,  however,  for 
the  free  access  of  water  from  with- 
out, by  means  of  two  apertures 
(Fig-  140,  a,  h)f  one  of  which 
«ervaH  for  its  entrance,  and  the 
other  for  its  ejection ;  and  in  certain 
»peeic!«  which  burrow  deeply  in. 
jtAnd,  mud,  wood,  &c-,  these  aper- 
tures arc  furnished  with  long  tabes  or  siphons  reaching  to  the  entrance  of 
the  bttiTOW,  which  are  themselres  lined  Ijy  cilia.  In  the  Phoias  (Fig.  140) 
and  its  allies  among  which  the  closure  of  the  mantle-lobes  is  carried  to 
its  fullest  extent,  the  cavity  is  divided  into  a  branchial  and  an  aual  por- 
tion, which  have  no  other  commnmcation  the  one  with  the  other  than 
thfougii  the  fissures  in  the  branchial  lamella?.  The  two  lamclke  of  each 
gill  are  in  such  close  adhesion  to  each  other ^  that  tlie  iutra-branchial 
bpaees  (Fig;  141,  c,  ^.  ff)  arc  reduced  to  a  set  of  parallel  tubes  (as  sliown 
at  B  c),  which  open  into  the  anal  chamber.  Thus,  the  water  that  enters  by 
the  branchial  or  incurrent  siphon  (Fig,  140,  a),  after  finding  its  way  through 
the  «iil4t  in  the  branchial  lamella?  (shown  in  Fig.  141,  b,  and  more  highly 
mairoified  at  a),  into  the  intrabranchial  tubes  passes  at  once  into  the  anal 
chamber,  and  is  iliiecharj^ed  by  the  anal  siphon  (Fig,  140,  h).  In  its  course 
OTer  the  branehiu?,  however,  it  is  deprived  not  merely  of  its  oxygen,  but 
abo  of  whatever  alimentary  particles  it  may  contain,  and  these  are  collected, 
by  a  very  |*eeuliar  adaptation  of  the  ciliary  mechanism,  on  the  free  edges  of 
each  laiuina  (/),  along  which  they  gradually  travel  to  the  orifice  of  the 
casopbo^us  (g) ;  as  has  been  shown  exi>erimentally  by  diffusing  particles  of 


luakj^A,  portion  of  br»ticbi»l  laminiD  highly 
magnified,  i howmg  orlGcea  in  the  mciheji  of  tho 
TAJculnr  network,  fringed  with  eiljat— p,  Mo- 
tion of  ii^iU'plnte,  ahowing  two  of  tha  tabe« 
fot^od  by  the  adbcaion  of  ilP  liiminap : — c,  ideal 
section  of  the  two  briuifibin}  of  i7»e  «ide;  e  t^, 
fr&e  Inyer  of  encli  gill;/*-,  ita  iittaehed  layer j 
ffg^  9paoeB  betweou  the  layers,  ccunrnmiicatin^ 
with  th«  anal  chamber;  A,  interval  btitf? i^cn  the 
contiguous  lam  elite;  itcf  bars  connecting  the  two 
fpidfl  of  the  0«me  lamella. 
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indigo  through  the  water  thus  introduced.  *  As  in  the  Tunica ta.  the  prei- 
enco  of  an  obnoxlons  particle  will  cause  its  ejection  with  a  jet  of  watcT 
through  the  branchial  orifice ;  the  branchial  carity  being  forcibl  j  preasid 
on  l>7  tho  valves  of  the  shell,  which  are  drawn  together  bj  the  adductor 
muscles. 

291.  The  class  of  Gasteropoda  is  remarkable  m  beiug  the  only  one  in 
the  entire  series  of  Molluscaj  that  cont4tins  animals  adapted  for  atmospheric 
re&piration.  The  *' pnlmouated"  Gasteropods,  bowever,  are  comparatively 
few  in  number  J  by  far  the  larger  proportion  of  this  group  being  protided 
with  branchioe,  iu  which  their  blood  is  aerated  by  the  contact  of  water. 
These  branchiie  in  many  orders  form  tufts  of  an  arborescent  character  (Fig. 
142),  which  may  be  disposed  upon  various  parts  of  the  surface  of  the  body, 
or  may  be  collected  iuto  a  single  cluster  (Fig.  143).     There  can  be  no  doubt 


Fig.  141 


Fig.  148. 


One  of  this  nrborcicent 
proi:7&»e£j  foTmiug  the  gilh 
of  Doriit  JuhnttofUj  Aepa- 
nLtcd  and  outorged. 


DorU  Johmtonif  sliGviog  the  toft  of  ext^mft]  fiUii 


that,  in  the  NttdtbraneMaU  Mollusks,  the  general  surface  of  the  body  taket 
an  important  share  in  the  aeration  of  the  blood ;  and  it  appears  that  in  lomo 
instances  it  must  constitute  the  principal,  or  even  the  sole  instrument  for 
the  performance  of  this  function,  since  there  is  little  or  no  trace  of  aoy  spe- 
cial respirator}"  apparatus.  We  have  seen  that  the  former  is  the  case  in 
regard  to  Doru;  it  being  only  the  blood  which  has  circulated  through  tk 
liver,  Iciditeys,  and  ovaria,  that  is  sent  to  the  branchial  circlet,  whilst  tk 
remainder  is  transmitted  for  aeration  to  the  skin.  In  Eofu  (Fig.  104)  wid 
its  allies,  the  skin  with  its  papillsB  seema  to  constitute  the  only  instrument 
of  aeration,  no  more  special  provision  for  this  purpose  being  disco verable; 
and  the  whole  of  its  upper  and  lat^^ral  surface,  as  well  as  the  surface  of  the 
papillce  them^selvcs,  is  clothed  with  cilia.  In  some  members  of  this  family, 
the  surface  is  further  extcnried  by  the  peculiar  conformation  of  the  papill®! 
everyone  of  which  is  furnisheci  with  a  sort  of  membranous  frill,  across  wbiflJ 
the  blood  must  pui^s  from  the  afferent  canal  in  the  papilla  itself  to  an  efferent 
vessel  that  runs  along  the  free  margin  of  the  frill,  which  conveys  the  bl<H»4 
back  to  a  great  trunk  vein  that  is  formed  by  the  meeting  of  all  these  papil- 

»  8e«  especiftUy,  upcm  this  subject.  Prof.  Shurpey's  Art.  "Cilia,"  in  "Cyekp,  of  Am^ 
ftnd  Phyaiol./*  vol  i,  p.  G22;  and  Messrs.  AlcJer  aixd  Hancock,  m  **  Ann-  of  N*ti 
Hi*t./'  2ti  Si?r.,  vol.  viiL  1S51»  p,  370.— Mr.  CI*irk,  in  TRi-ions  nambers  of  the  mm 
jonmal,  has  endenTored  to  proTc  that  water  \%  ordinarily  taken  in  by  the  **  pedal  gip*»" 
and  id  discharged  by  the  branchiiU  ns  well  ns  by  the  anal  siphon.  But  tlie  Author  eoft* 
gidera  that  there  in  atnplo  evLdeitee  thnt  such  is  not  the  ordinorj  oonrse  of  Uie  cnrreet^ 
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laiy  vessels.*  In  most  of  the  other  branchiferous  Gasteropods,  the  gills  are 
more  or  less  covered  by  the  shell ;  and  even  where  this  is  but  little  developed, 
as  in  the  Apljsia,  we  find  it  specially  devoted  to  their  protection.  The 
order  Ptctinibranchiata,  which  is  the  highest  and  most  numerous  subdivi- 
sion  of  the  class,  receives  its  name  from  the  peculiar  pectinated  or  comb-like 
arrangement  of  its  gills  (Fig.  144),  which  are  lodged  within  a  cavity  formed 
by  the  arching  of  the  mantle  behind  the  head ;  and  into  this  cavity  the  water 

is  admitted  by  a  special  channel  or  siphon The  Pteropoda  seem  to  be 

destitute  of  any  special  respiratory  organ ;  their  blood  being  aerated  by 
distribution  to  the  general  surface  of  the  mantle,  the  inner  surface  of  which 
is  minutely  vascular. — The  highest  development  of  the  branchial  apparatus 
presented  by  the  Mollusca,  is  that  which  we  find  in  the  Cephalopoda.  In 
these  animals,  the  gills  are  very  large,  especially  in  the  Dibranchiate  order 
(Pig.  125,  o,  o) ;  and  they  are  lodged  in  a  cavity  formed  by  the  folding  over 
of  the  mantle,  to  which  water  is  admitted  through  a  wide  fissure  at  the  base 
of  the  head ;  whilst  the  current,  after  passing  over  them,  is  ejected  through 
the  fannel  («).  The  respiratory  surface  is  not  here  covered  with  vibratilc 
ciiimy  but  the  respiratory  current  is  sustained  entirely  by  the  alternate  con- 
tnctions  and  dilatations  of  the  muscular  parietcs  of  the  cavity ;  whilst,  in 
the  presence  of  special  branchial  hearts  for  the  propulsion  of  the  blood 
tkrongh  the  gills  (§  239),  we  have  another  provision  for  the  increased  vigor 
of  the  respiratory  function,  required  by  the  active  habits  of  these  animals, 
wUch  present  a  remarkable  contrast  to  the  sluggish  inert  character  of  the 
MoUnscous  series  generally. — In  that  series,  taken  as  a  whole,  the  respira- 
tion is  low  in  its  amount.  But  as  their  life  is  chiefly  vegetative,  as  their 
moYements  (except  in  the  highest  classes)  arc  few  and  feeble,  and  as  they 
maintain  no  independent  heat,  there  is  comparatively  little  need  of  the  inter- 
change which  it  is  the  object  of  the  Respiratory  process  to  effect ;  and  they 
can  sostain  the  complete  suspension  of  it  for  a  long  time. 

292.  In  the  classes  of  Annelida  and  Crustacea^  which  belong  to  the  Arti- 
culated series,  the  respiratory  process  is  carried  on  upon  a  plan  very  much 
resembling  that  which  has  been  just  described ;  the  aquatic  habitation  of 
these  animls  involving  the  necessity  of  provisions  tliat  shall  answer  the  like 
purposes.  Still,  we  find  that  whilst  the  structure  of  the  branchiae  is  essen- 
tially the  same  in  the  Articulata  as  in  Mollusca,  their  form  and  disposition 
present  many  important  points  of  difference ;  the  most  remarkable  of  these 
being  their  uniform  bilateral  symmetry,  and  longitudinal  repetition. — The 
respiratory  organs  of  the  various  orders  and  genera  of  the  Annelida  differ 
greatly,  not  only  as  to  form  and  arrangement,  but  also  as  to  their  relations 
to  the  circulating  apparatus.  Wc  have  already  seen  (§218)  how  important 
a  part  the  ''chylaqueous  fluid"  of  the  general  cavity  of  the  body  performs 
in  the  nutrition  of  the  greater  number  of  these  animals ;  and  how  strong  is 
the  probability  (§  219)  that  the  colored  non-corpusculated  fluid  conveyed 
by  the  (supposed)  sanguiferous  system  is  not  truly  bloody  but  serves  no  other 
purpose  thfui  that  of  a  carrier  of  oxygen  and  of  carbonic  acid  between  the 
tiflsaes  and  the  aerating  medium.  Now  in  the  interior  of  a  large  part  of 
the  appendages  with  which  these  animals  are  furnished,  there  are  tubular 
cecal  prolongations  from  the  general  cavity  of  the  body,  into  which  the 
"chylaqneons  fluid"  freely  passes;  and  these  must  be  considered  as  being 
subrorvient  to  the  aeration  of  that  fluid,  whatever  may  be  their  other  oflices. 
Into  others,  nothing  but  the  (so-called)  blood  is  transmitted ;  and  these 

'  See  Mr.  A.  Hancock,  on  the  Anatomy  of  Oithona,  in  *<  Ann.  of  Nat.  HlBt.,'*  2d  Sor., 
▼oL  viii.  p.  297. 
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have  distinct  afferent  and  efferent  vessels,  like  the  branchi®  of  Fishes.  In 
other  cases,  again,  the  same  appendage  contains  a  provision  for  the  exposure 
of  both  fluids.  As  a  general  rale,  when  the  branchise  are  sanguiferous  only, 
they  are  contractile,  but  are  not  ciliated ;  when,  on  the  other  hand,  they 
receive  the  chylaqneous  fluid,  they  are  invariably  clothed  with  cUia.  The 
form  of  the  branchial  organs  varies  most  remarkably,  from  a  simple  conical 
or  filamentous  appendage,  to  a  branching  tuft,  or  to  an  expanded  lamina. 
They  are  almost  invariably  repeated  in  considerable  numbers,  either  on  the 
head,  or  along  the  back  or  sides  of  the  body ;  it  is  only  in  a  few  rare  cases, 
that  they  are  restricted  to  its  posterior  extremity. — In  the  Serpula  and  their 
allies,  constituting  the  order  Tubtcoke,  the  respiratory  organs  are  grouped 
around  the  head,  forming  tufts  whose  brilliant  colors  and  symmetricml  ar- 
rangement render  them,  when  fully  expanded,  most  conspicuous  and  beanti- 
fnl  objects.^  Thus,  in  Sabella  unisptra  (Fig.  144),  they  are  disposed  spirally 
around  a  central  column ;  and  each  straight  process  has  a  double  row  of  lesser 
filiform  appendages,  every  one  of  which  contains  an  afferent  and  an  efferent 

bloodvessel,  and  is  richly  dl- 


Fig.  144. 


Sabella  unitpira. 


iated  on  its   onder    sorface. 
Although  so  contractile,  that 
they  can  be  readily  folded  up 
and  withdrawn  into  their  tabe, 
the  branchial  filaments  are  not 
used  for  prehension ;  the  food 
of  these  animals  being  obtttn- 
ed  from  the  currents  of  water 
brought  to  their  montlis  1^ 
the  cilia  which  cover  tiie  re- 
spiratory appendages.    In  die 
Terebelia,  on  the  other  hand, 
the  head  is  furnished  with  pr^ 
hensile    cirrhi    or    tentacnla 
(Fig.  113,  b),  which  ftirthef 
act  as  branchisa  for  the  chyla- 
qneous fluid  that  passes  firadT 
into    them;    whilst   beneath 
these  wo  find  the  songuiferoiif 
branchise  (k,  i^),  of  a  beantifid 
arborescent  form,  and  redden- 
ed by  the  blood  that  fills  tiiea; 
the  former  organs  are  clothed 
with  cilia,  whilst  the  latter  an 
not.     In  the  ^rentcofa,  agaiif 
the  ramose  branchisB  which  an 
disposed  at  regular  interrab 
along  the  sides  of  the  bo4f 
(Fig.  115),  and  which  an  Aa 


^  There  are  few  sights  more  striking  to  the  observer  of  nature  in  tropical  r6giona,thiB 
the  unexpected  view  of  a  bed  of  coral  in  shallow  water,  having  its  surflMe  soatttndvitk 
the  brilliant  tufts  of  the  SerpuloB  which  have  formed  their  habitations  in  it;  the  gknritf 
and  variegated  tints  of  which,  when  lighted  up  by  the  midday  sun,  and  contrasted  ww 
the  sombre  hues  of  the  surrounding  rocks,  present  an  appearance  compared  to  vineh 
the  most  beautiful  garden  of  carnations  (which  flower  the  animals  much  resemble  is 
form)  sinks  into  insignificance. 
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sole  external  organs  of  respiration,  are  \mTe\j  sanguiferous  like  the  proper 
branchiffi  of  Terebella;  and  there  is  here  no  distinct  provision  for  the 
aeration  of  the  chjlaqueous  fluid,  unless  this  be  accomplished  through  the 
parietes  of  the  alimentary  canal,  the  wet  sand  which  the  animal  is  perpetually 
swallowing,  serving  as  an  aeriferous  medium.  In  Eunice  (Fig.  114),  again, 
the  branchiffi  are  purely  sanguiferous ;  but  in  some  allied  genera,  the  chyla- 
qneous  fluid  also  penetrates  the  loose  tissue  around  the  bloodvessels,  which 
are  relatively  smaller  in  size ;  and  in  Nephthys  (Fig.  53)  the  hollow  of  each 
branchial  process  is  chiefly  occupied  by  the  chylaqueous  fluid,  in  the  midst  of 
which  a  coiled  vessel  carrying  blood  is  seen  to  float.  In  SyUis^  which  is  not 
far  removed  from  the  preceding  in  general  structure,  the  branchial  organs 
are  penetrated  by  chylaqueous  fluid  alone.  A  most  remarkable  provision 
for  the  aeration  of  this  fluid  is  seen  in  BranchelUon,  a  leech-like  Annelid 
provided  with  two  pairs  of  laminated  branchial  appendages,  an  anterior  and 
a  posterior,  to  each  segment ;  for  the  chylaqueous  fluid  is  conducted  to  these 
by  a  set  of  vessels  with  distinct  parietes,  which  form  a  plexus  upon  their 
snrface,  without,  however,  any  efferent  vessels  for  its  return ;  whilst  the 
blood  does  not  penetrate  further  than  the  base  of  each  of  the  anterior  pairs 
of  branchise,  which  contains  a  dilated  contractile  vesicle  that  serves  as  a 
heart.  Finally,  there  are  several  degraded  forms  of  this  class,  in  wliich 
there  is  no  special  provision  for  the  aeration,  either  of  the  chylaqueous  fluid, 
or  of  the  (so-called)  blood ;  the  general  surface  in  these  worms  being  capa- 
ble of  affording  all  the  interchange  of  constituents  between  the  fluids  of  their 
bodies  and  the  surrounding  medium,  which  the  necessities  of  their  economy 
reqiiire.^ — ^In  many  animals  of  this  group,  as  we  have  seen  in  the  preceding 
chf^iter,  there  are  special  provisions  for  the  propulsion  of  the  blood  through 
the  branchiae,  the  feeble  contraction  of  the  systemic  trunks  not  affording 
laflBcient  power. 

298.  liie  higher  Articulated  classes  are,  for  the  most  part,  adapted  to 
atmospheric  respiration,  on  the  plan  to  be  presently  explained ;  but  there 
is  one  class,  that  of  Crustacea ^  whose  respiration  is  still  carried  on  through 
the  medium  of  water.  In  the  suctorial  forms  of  this  group,  there  is  no 
special  respiratory  apparatus;  the  general  surface  being  soft  enough  to 
admit  of  the  required  aeration  of  the  fluids  through  its  own  substance,  and. 
the  animal  functions  being  performed  with  so  little  actiyity,  that  a  yary 
small  amount  of  interchange  is  required.  In  the  higher  orders,  however, 
whose  bodies  are  encased  within  a  harder  envelop,  a  special  respiratory 
(H^n  is  almost  invariably  found.  In  some  of  these  (as  the  Branchiupoda, 
Fig.  60),  the  last  joints  of  all  or  of  the  greater  numbep  of  the  legs  are  flat- 
tened out  into  membranous  surfaces,  which  appear  calculated  to  permit  the 
influence  of  the  air  upon  the  nutritious  fluid  that  penetrates  them,  and 
which,  by  their  incessant  strokes  upon  the  water,  continually  renew  the 
medium  in  contact  with  them  and  with  the  body  generally.  Proceeding 
higher  (to  the  order  Amphipoda)  we  find  a  ])articular  portion  only  of  the 
Bxtremity,  the  flabellar  appendage,  devoted  to  respiration ;  but  this  is  de- 
reloped  to  an  increased  extent,  and  the  water  in  contact  with  its  surface  is 
incessantly  renovated  by  currents  set  in  motion  by  the  abdomhml  members. 
The  next  stage  in  the  specialization  of  this  function,  is  the  restnction  of 
the  branchial  apparatus  (as  in  the  order  Jsopoda)  to  the  abdominal  mem- 

I  See  the  Memoirs  of  M.  de  Quatrcfagcs  on  the  *' Respiration  of  the  Annelida,"  in 
"Ann.  des  Sci.  Nat,"  8«  SCt.,  Zool.,  torn.  xiv.  p.  290,  et  teg. ;  and  on  the  "Anatomy 
md  Physiology  of  Branchelllon,"  op.  cif.^  tom.  zviii.  p.  oOG,  et  seg.    See  also  the  Memoir 
>f  Dr.  T.  Williams,  in  "Ann.  of  Nat.  Hist.,"  2d  Scr.,  vol.  xii.  p.  303,  et  eeq. 
21 
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bers,  which  arc  entirely  devoted  to  it,  and  cease  to  have  other  uses.  In  a 
still  higher  order  {Stomapoda),  the  gills  have  assumed  more  of  the  charac- 
ter which  they  present  in  Fishes  and  some  Mollosca ;  the  laminated  or 
leaf-like  form  which  they  at  first  possess,  having  given  place  to  one  in  which 
the  surface  is  greatly  extended  by  minute  subdivision  into  delicate  fila- 
ments. The  most  developed  form  of  respiratory  apparatus  possessed  by 
Crustaceans,  is  that  which  exists  in  Crabs,  Lobsters,  and  other  Decapods 
(Figs.  58, 120).  In  this  order,  not  only  is  the  function  thrown  upon  pa^ 
ticular  organs  entirely  set  apart  for  the  purpose,  but  these  organs  are 
lodged  and  protected  within  a  special  cavity ;  and  the  renewal  of  the  vrater 
necessary  to  their  operation  is  secured  by  the  motion  of  distinct  append- 
ages. This  cavity  is  formed  by  a  reduplication  of  the  external  tegnment, 
and  is  provided  with  two  orifices,  one  for  the  introduction  and  the  other 
for  the  expulsion  of  the  fluid.  Through  these  orifices  a  constantly-renewed 
supply  of  water  is  made  to  pass,  by  the  agency  of  a  large  valve-like  organ, 
placed  in  the  efferent  canal,  which,  by  its  movements,  drives  a  continual 
current  from  behind  forwards,  and  thus  occasions  a  constant  ingress  through 
the  afferent  opening ;  this  organ  is  nothing  else  than  the  flabelliform  ap- 
pendage of  the  second  pair  of  feet-jaws,  specially  developed  to  answer  this 
purpose.*  The  perfect  contact  of  the  water  with  the  respiratory  sur&ce  is 
further  provided  for,  by  the  actions  of  the  flabelliform  appendages  of  other 
maxillary  or  ambulatory  members,  which,  in  most  Decapods,  penetrate  into 
the  branchial  cavity,  and  incessantly  sweep  the  surface  of  tiie  branehis, 
apparently  for  the  purpose  of  combing  out  their  filaments  (so  to  speak)  by 
by  means  of  the  stiff  hairs  with  which  they  are  furnished.'  In  those  Crus- 
tacea which  are  adapted  to  live  for  a  time  on  land,  the  orifices  of  the  bran- 
chial cavity  are  very  small,  so  that  but  a  trifling  amount  of  evaporation 
can  take  place  from  them ;  and  it  appears  that,  in  all  the  species,  the  gilk 
can  be  subservient  to  aerial  as  well  as  to  aquatic  respiration,  provided  their 
surface  be  kept  moist — the  asphyxia  of  the  animals  in  a  dry  atmosphere 
being  due  to  the  desiccation  of  this  membrane,  and  its  consequent  unfit- 
ness for  the  performance  of  its  functions.  There  are  other  species,  known 
as  Land-Crabs,  which  not  only  live  habitually  out  of  water,  but  are  inftl- 
libly  drowned  if  kept  long  immersed  in  that  fluid.  The  membrane  lining 
their  branchial  cavities  is  sometimes  disposed  in  folds,  capable  of  serriag 
as  reservoirs  for  a  considerable  quantity  of  water;  and  sometimes  presents 
a  spongy  texture  equally  well  adapted  for  storing  up  the  fluid,  which  is 
necessary  to  keep  the  organs  of  respiration  in  the  state  of  humidity  r^ 
quired  for  the  performance  of  their  functions.  Land-crabs  are  never  knovn 
to  remove  far  from  damp  situations;  and  this  humidity  may  be  eitlier 
derived  from  the  atmosphere,  or  furnished,  as  in  higher  air-breathing  tii- 
mals,  by  a  secretion  from  the  circulating  fluid.  It  can  scarcely  be  doubted 
that  the  spongy  lining  of  the  branchial  cavity  in  these  Crustacea  is  peei- 
liarly  subservient  to  aerial  respiration ;  and  it  appears  to  be  owing  to  the 
check  given  to  its  activity,  that  land-crabs  are  drowned  when  plonged 
under  water. 

294.  The  stages  in  the  development  of  the  branchial  apparatus  of  the 
Astacus  fluviatilis  (Cray-fish)  have  been  so  beautifully  traced  out  byM. 
Milne  Edwards  {op,  ciL),  in  connection  with  the  various  forms  of  the  mb^ 
in  adult  species  of  different  tribes,  that  it  seems  advantageous  to  notice 

»  Prof.  Milne  Edwards,  Art.  "  Crustacea,"  in  "  Cyclop,  of  Anat  and  PhyAL." 
vol.  i. 
*  See  Qaekett  in  "  Transactions  of  Microscopical  Society,"  toI.  ii.  p.  87. 


RESPIRATION  IN  FISHES.  323 

them  here  for  the  sake  of  ready  comparison,  rather  than  to  defer  the 
account  of  them  to  the  general  description  of  the  progressive  evolution  of 
the  system  in  the  embryo  of  higher  animals. — In  the  earlier  periods  of 
embryonic  life,  no  trace  of  branchiae  can  be  discovered ;  so  that  the  embryo 
may  Uien  be  considered  as  on  a  level  with  those  inferior  Crustaceans,  whose 
respiration  is  entirely  carried  on  by  the  general  surface.  When  tliese 
organs  are  first  evolved  during  the  process  of  incubation,  they  consist  of 
simple  laminated  expansions,  representing  the  flabelliform  appendages  of 
the  three  pairs  of  maxillary  members,  and  thus  corresponding  with  the 
branchial  feet  of  the  Branchiopoda.  These  soon  subdivide,  and  one  part 
assumes  a  cylindrical  form,  and  seems  no  longer  to  belong  to  the  apparatus, 
whilst  branchial  filaments  begin  to  appear  on  the  other,  which  are  subse- 
quently prolonged  into  complete  gills ;  during  this  interval  the  thoracic 
extremities  have  made  their  appearance,  and  they  also  become  furnished 
with  branchial  appendages;  and  thus,  in  possessing  respiratory  organs 
which  are  quite  distinct  from  the  instruments  of  locomotion,  but  are  alto- 
gether external,  the  embryo  Decapod  corresponds  with  the  higher  Stoma- 
poda.  At  a  subsequent  period,  a  narrow  groove  or  furrow  is  seen  along 
the  under  edges  of  the  thorax,  the  margins  of  which,  in  no  long  time,  are 
prolonged  so  as  to  meet  each  other  and  inclose  the  gills ;  openings  being 
left  for  the  entrance  and  exit  of  water,  which  arc  at  first  large,  but  subse- 
quently become  contracted  to  the  proper  size.  It  is  thus  evident  that  the 
lining  membrane  of  the  cavity,  as  well  as  that  which  covers  the  filaments  of 
the  branchiae,  is  but  a  prolongation  of  the  external  tegument. 

295.  Although  the  respiratory  apparatus  in  Fishes  retains  the  type  which 
characterized  it  in  the  inferior  aquatic  classes,  it  undergoes  a  great  increase 
both  in  extent  and  importance.  In  order  to  keep  up  with  the  rapid  ad- 
vance in  the  development  of  the  other  systems,  the  respiration  requires  to 
be  condncted,  though  by  means  of  an  aquatic  element,  with  great  velocity 
and  effect.  For  this  purpose,  it  is  not  sufficient  that  Fishes  should  have 
merely  filamentous  tufts  hanging  loosely  at  the  sides  of  the  neck ;  but  it  is 
requisite  that  they  should  possess  the  means  of  rapidly  and  constantly  pro- 
pelling large  streams  of  water  over  their  surface,  and  of  forcing  the  whole 
blood  of  the  system  through  the  respiratory  apparatus,  to  be  submitted  to 
the  action  of  the  air  that  is  contained  so  scantily  in  the  water.  The  for- 
mer of  these  ends  is  effected  by  the  connection  of  the  gills  with  the  cavity 
of  the  mouth,  the  muscles  of  which  send  a  rapid  current  of  water  through 
the  branchial  passages ;  and  the  latter,  by  the  alteration  in  the  position  of 
the  heart,  which  is  placed  so  as  to  propel  the  blood  tlirough  the  respiratory 
organs  before  it  proceeds  to  tlic  system  at  large  (§  240).  The  gills  in  most 
fishes  are  disposed  in  fringed  lominfle,  the  lamcllfle  of  which  are  set  close 
together  like  the  barbs  of  a  feather,  and  arc  attached  on  each  side  of  the 
throat,  in  double  rows,  to  the  convex  margins  of  four  or  five  long  bony  or 
cartilaginous  arches  (Fig.  145,  a),  which  are  suspended  from  the  hyoidean 
arch.  The  extent  of  surface  exposed  by  these  gills  is  very  great,  and  the 
network  of  capillaries  spread  over  them  is  extremely  minute  (b).  In  the 
(kuatu  fishes,  the  gills  arc  lodged  in  a  capacious  chamber,  which  commu- 
nicates internally  with  the  pharynx,  by  a  distinct  orifice  for  each  interspace 
between  the  branchial  arches;  whilst  externally  it  opens  by  a  single  large 
orifice  on  each  side,  which  is  furnished  with  a  valvular  bony  aperculiun, 
that  allows  free  passage  to  the  currents  ejected  from  the  mouth,  but  serves 
for  the  protection  of  the  delicate  organs  beneath  it.  In  the  higher  Car- 
iilaginous  fishes,  the  gill-charaber  is  more  com])letely  subdivided;  the 
branchial  lamellse  being  attached,  not  merely  at  their  bases  to  the  branchial 
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arches,  but  by  their  opposite  extremities  to  the  membrane  lining  the  cham- 
ber ;  and  each  branchial  interspace  has  its  own  external  orifice  for  the 

Fig.  145. 


A,  Brnnchiiil  areh  of  FUh^  nith  its  bloodresMls;  e  tf,  brtnehiftl  ftrtery,  dIaiinUbiBg  la  riie 
from  0  to  </,  in  proportion  fts  it  fumishea  the  twigs  </'  tf*  to  the  branehial  iMDelln ;  i(  d^  the 
branchial  vein,  which  augments  in  the  same  proportion,  as  it  receives  the  renoos  twigs  i  ^. 
— B,  capillary  network  of  a  pair  of  leaflets  of  the  gills  of  the  Etl: — a,  a,  brmnehM  of  th«  bm- 
chial  artery  convoying  venons  blood;  h,  h,  branches  of  branehial  Teia,  retamfaig  Mialed 
blood.  The  disappenrance  of  the  dark  shading  in  the  networii,  as  it  trmrersM  the  giU*  is 
designed  to  indicate  the  change  in  the  character  of  the  blood,  as  it  passes  from  ^9n«  tide  to 
the  other. 


discharge  of  the  water.  We  shall  hereafter  find  that  the  branchial  i 
in  the  neck,  which  thns  form  a  direct  communication  between  the  phtrjmx 
and  the  external  snrface,  may  be  seen  in  all  the  higher  Yertebrata  at  s 
certain  stage  of  development  (§  316). 

296.  A  curious  departure  from  the  ordinary  type  of  the  respiratory 
apparatus  of  Fishes,  which  carries  us  bock  to  the  type  of  tiie  Tnnioated 
Mollusca,  presents  itself  in  Amphioxv^.     The  oral  cavity  of  this  aaimil 
opens  posteriorly  by  a  large  orifice  (Fig.  127,  ph)  into  a  wide  pharykigeal 
cavity  (rr),  the  walls  of  which  are  strengthened  by  a  sort  of  cage,  forra^  of 
delicate,  transparent,  hair-like,  cartilaginous  arches,  seventy  or  eighty  ib 
number,  whilst  between  these  are  a  series  of  clefts,  the  edges  of  which  are 
fringed  with  cilia.     This  pharyngeal  sac  appears  to  serve  as  the  principil 
respiratory  apparatus ;  for  a  considerable  part  of  the  water  which  is  uim 
in  by  the  action  of  the  oral  ciliated  lobes,  and  which  enters  the  phaiyngeii 
orifice,  is  driven  through  these  slits  into  the  abdominal  cavity,  fh>m  whieh 
it  makes  its  exit  by  the  abdominal  pore  od;  the  remainder  passing  throngb 
the  cardiac  orifice  (py)  into  the  digestive  cavity.     Besides  this  oifu, 
however,  another  means  of  aeration  is  provided  in  a  set  of  digitate  pio> 
longations  of  mucous  membrane  (gg)  contained  within  the  cavity  ai  the 
mouth ;  these,  being  copiously  supplied  with  blood  and  closely  -set  wtt 
cilia,  and  being  exposed  to  the  first  stream  of  water  as  it  entere  the  iBOirtk, 
are  perhaps  to  be  considered  (as  is  urged  by  Prof.  Owen^)  as  the  noit 
efficient  part  of  the  respiratory  apparatus.     The  venous  blood  whioh  te 
passed  through  the  system  is  for  the  most  part  collected  into  the  posterior 
part  of  the  great  ventral  trunk,  whicH  is  furnished  with  a  pulsatile  diltts- 
tion  close  to  the  posterior  extremity  of  the  branchial  sac ;  and  fnm  tb 
ventral  trunk  are  given  off  numerous  branches,  which  pass  round  the  fte- 
rynx  between  its  fissures,  and  discharge  themselves  into  the  dorsal  tnnk 
ba.    The  anterior  continuation  of  the  ventral  trunk,  which  transmits  the 
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Ijlood  forwards  to  the  head*  also  conyeys  it  throuj^li  the  yeagel  h  v  to  th& 
ciHut<Hl  appendBg:es  within  the  mouthy  after  which  it  is  carried  to  the  dor- 
sal trunk,  whence  it  proceeds  to  the  gystem  generally,  together  witli  the 

L  Jblood  that  bas  been  aerated  bj  passing  through  the  walls  of  the  dilated 

"^barTtix, 

29t.  Another  remarkable  Yariatiou  is  presented  in  the  Cyehstome  Fishes; 
in  which  we  fiud  six  or  seven  pairs  of  j^ills  on  each  side,  and  the^^e  not  at- 
tached to  the  cartilagttions  arehes,  but  developed  as  foldg  from  the  lining 
membrane  of  as  many  distinct  Baecnli,  To  nnderBtand  the  relation  bctweeu 
these  and  the  ^ills  of  ordinary  fishes,  M^e  mnst  ^suppose  (a«  Prof,  Owen  haa 
renmrked*)  each  compressed  sac  of  the  M^xtne  to  be  split  through  its  plaue^ 
and  each  half  to  be  glued  by  its  outer  smooth  side  to  an  intermediate  sep- 
tum, which  woald  then  support  the  opposite  hahes  of  two  distinct  sacs ; 
if  then  iheL-^e  vascular  surfaces  be  prolonged  into  lamella!^  tufts,  or  filaments, 
and  an  intermediate  basis  of  support  be  developed,  we  hare  the  branchial 
arch  of  one  of  the  higher  cartilaginous  Fishes,  which  is  the  homologne,  not 
of  a  single  gill -sac,  but  of  the  contiguous  halves  of  two  distinct  gill -sacs, 
in  the  Myxine.  The  flr^t  i>art  of  this  change  is  seen  in  the  Lamprey;  in 
which  we  also  find  the  bran- 
chial sacculi  commuuieatiug  ^ig- 1**}, 
with  the  pharynx,  not  di- 
rectlj  by  a  separate  fissure 
for  each,  but  through  the 
medium  of  a  tube  which 
comes  off  from  the  pharynx 
on  either  side*  and  conveys 

iPle    water    by    a    distinct 

'"'limiieb  to  each  gill-sac.  In 
iMil  of  the  Cyelostomi,  as 
in  the  Lamprey,  eaeh  sac 
opens  externally  at  the  side 
of  the  neck  by  a  separate 
0rifiee  (Fig.  146) ;  but,  in  the  MyxinCj  the  efferent  current  is  conveyed  by  a 
special  tube,  which  collects  it  from  all  the  sacculi  of  one  side,  and  passes 
backwards  to  discharge  itself  near  the  middle  line  of  the  ventral  surface  j 
thns  presenting  a  connecting  link  between  the  provision  for  the  discharge 
of  the  respiratory  cun-ent  in  Amphioxus,  and  that  which  prevails  iu 
ordinary  Fishes. — Some  even  of  the  Osseoua  fishes  present  a  departure  from 
the  ordinary  type,  in  the  prolongation  and  contraction  of  the  efferent  canal  j 
and  this  is  particularly  remarkable  in  the  Bel  tribe,  in  which  we  find  the 
two  orifices  approximating  each  other  on  the  under  side  of  the  neck,  until, 
in  ASyxhranchui,  they  actually  meet,  so  that  the  respiratory  current  is  dis* 
eharged  from  both  sides  by  a  single  pore  on  the  median  line. — During  the 
embryo  condition  of  both  the  princif»al  divisions  of  this  class,  the  gills 

^bftj  be  seen  hanging  loosely  from  the  back  part  of  the  neck:  for,  in  Os- 

^bou9  fishes,  they  have  attained  considerable  development,  before  the  prolon- 
gmtjon  of  the  integument  has  l>ecri  fonned  into  the  valve  which  covers  them  ; 
ftiid  in  the  Cartilaginous  h.^hes,  the  branchial  openings  are  at  first  large, 
aiad  the  filaments  of  the  gills  arc  prolonged  much  beyond  them — other  fila- 
ments also,  which  subsequently  disappear  altogether,  Ijciug  produced  from 
their  edges. 
298.  The  mechanism  of  Respiration  is  very  complex  in  Fiahea;  and  is 
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adapted  to  ])rodnce  the  most  effectnal  aeration  which  their  organs  admit  o£ 
The  mouth  is  first  distended  with  water ;  and  its  muscles  are  then  thrown 
into  contraction,  in  such  a  manner  as  to  expel  the  flnid,  through  the  aper- 
tures on  either  side  of  the  pharynx,  into  the  gill-cavity.     At  the  same  time, 
the  bony  arches  arc  lifted  and  separated  from  each  other,  by  the  action  of 
muscles  especially  adapted  to  this  purpose ;  so  that  the  gill-fringes  may 
hang  freely,  and  may  present  no  obstacle  to  the  flow  of  the  water  between 
them.     When  they  have  been  thus  bathed  with  the  aerating  liquid,  and  their 
blood  has  undergone  the  necessary  change,  the  water  is  expelled  through 
the  external  apertures  by  muscular  pressure ;  its  return  to  the  pharynx  being 
prevented  by  the  valves  with  which  the  orifices  arc  furnished.     It  is  well 
known  that  most  Fishes  speedily  die  when  removed  from  the  water ;  and  it 
can  be  easily  shown  that  the  deficient  aeration  of  the  blood  is  the  immediate 
cause  of  their  death.    But  as  it  might  have  been  expected  that  the  atmo- 
sphere would  exert  a  much  more  energetic  influence  upon  the  blood  con- 
tained in  the  gills,  than  that  which  is  exercised  by  the  small  quantity  of  air 
contained  in  the  water,  the  question  naturally  arises,  how  this  deficient  aera- 
tion comes  to  pass.     It  is  chiefly  due  to  the  two  following  causes :  the  dry- 
ing up  of  the  membrane  of  the  gills  themselves,  where  it  is  exposed  to  the 
air,  so  that  the  aeration  of  the  blood  is  impeded ; — and  the  flapping-together 
of  the  filaments  of  the  gills,  which  no  longer  hang  loosely  and  apart,  bat 
adhere  in  such  a  manner  as  to  prevent  the  exposure  of  the  greater  portion 
of  their  surface  to  the  air.     Those  among  ordinary  Fishes  can  live  longest 
out  of  water,  in  which  the  external  gill-openings  are  very  small,  so  that  the 
gill-cavity  may  be  kept  full  of  fluid ;  but  there  is  a  particular  family,  that  of 
Lahyrindiihranchxi^  in  which  the  anterior  branchial  arches  give  origin  to  a 
curious  lamellated  apparatus,  in  whose  interspaces  water  may  be  retained 
for  a  considerable  length  of  time,  so  as  to  keep  the  gills  moist ;  and  by  this 
provision,  analogous  to  that  which  exists  in  the  Land-Crab  (§  298),  soch 
fishes  are  enabled  to  remain  for  a  considerable  time  out  of  water,  perfonning 
long  migrations  over  land  in  search  of  food,  and  even  (it  is  said)  ascending 
trees — ^The  respiration  of  Fishes  is  much  more  energetic  than  that  of  any 
of  the  aquatic  Invertebrata ;  and  this  is  partly  due  to  the  great  extension 
of  the  surface  of  the  gills,  partly  to  the  provision  just  explained  for  main- 
tainiug  a  constant  flow  of  fresh  water  over  their  surface,  and  partly  to  the 
position  of  the  heart  at  the  base  of  the  main  trunk  that  conveys  the  blood 
to  the  gills,  by  which  the  energetic  propulsion  of  that  fluid  through  these 
organs  is  secured.     Their  blood,  too,  is  furnished  with  red  corpuscles,  which 
seem  to  give  important  aid  in  conveying  oxygen  from  the  gills  to  the  remote 
tissues  of  the  body,  and  in  returning  the  carbonic  acid  to  be  excreted.    Tke 
proportion  of  these,  however,  varies  considerably  in  the  different  species  of 
the  class ;  being  very  small  in  those  that  approach  most  nearly  to  the  Inve^ 
tebrata,  whilst  they  are  present  in  large  numbers  in  the  blood  of  certaiB 
Fishes,  which  have  great  muscular  activity,  and  can  maintain  a  high  inde- 
pendent temperature. 

299.  The  branchial  apparatus  temporarily  possessed  by  the  lanm  of  the 
higher  Batrackia^  and  persistent  in  the  Perennibranchiate  division  of  the 
same  order,  is  constructed  in  all  essential  particulars  upon  the  plan  of  thit 
of  Fishes.  In  the  first  instance  the  branchisB  are  external,  hanging  as  tofti 
from  the  sides  of  the  neck  (Figs.  147,  148) ;  and  these  external  giUs,  Bb 
the  branchiae  of  Invcrtebrated  animals,  are  covered  with  cilia,  whose  actions 
are  of  considerable  importance  in  renewing  the  stratum  of  water  in  contact 
with  them.  This  state  continues  in  most  of  the  Pcrcnnibranchiata  throogh 
the  whole  of  life ;  but  in  the  Amphiuma  and  Menobranchus,  the  external 


ATMOSPHERIC  RESPIUATION.  327 

gills  disappear,  without  being  replaced  by  internal  organs  of  a  like  kind,  and 
nothing  remains  of  their  branchial  apparatus,  save  the  fissares  leading  from 

Fig.  147. 


Proteut  Anffuineui, 

Fig.  148. 


Axoloti, 

fhe  pharynx  and  the  surface  of  the  neck.  In  those  Batrachia,  however, 
whose  development  proceeds  further  (as  Frogs  and  Water  Newts),  the 
branchise  are  subsequently  more  or  less  inclosed  by  a  fold  of  the  skin,  which 
fonns  a  membranous  valve,  analogous  to  the  bony  operculum  of  Fishes ;  and 
in  the  tadpole  of  the  Frog,  the  branchial  cavity  thus  formed  is  closed  com- 
pletely on  the  right  side,  the  water  which  has  passed  through  it  being  ejected 
through  the  opening  that  remains  on  the  left. 

800.  Atmospheric  Respiration. — Having  thus  traced  the  organs  of  aquatic 
xeapiration,  from  their  simplest  and  most  general,  to  their  most  elaborate 
and  most  specialized  forms,  we  have  to  follow  the  same  course  with  those 
which  are  provided  for  atmospheric  respiration.  None  such  are  met  with 
among  the  Radiated  classes,  which  are  all  aquatic ;  and  the  Pulmonated 
(Jaateropods  are  the  only  MoUusca  which  are  adapted  for  breathing  air. 
This  group  includes  not  merely  the  Snails,  Slugs,  and  other  terrestrial 
Gasteropoda ;  but  also  several,  which,  although  habitually  living  beneath 
the  water,  receive  air  (taken  in  at  the  surface)  into  a  pulmonic  cavity, 
instead  of  respiring  through  the  medium  of  branchiae.  This  pulmonic 
cayitj  is  a  simple  undivided  sac  (Fig.  124,  rf,  d),  on  the  walls  of  which  the 
bloodvessels  are  minutely  distributed ;  it  lies  beneath  the  dorsal  portion  of 
the  mantle,  and  communicates  with  the  external  air  by  a  single  orifice  on 
the  right  side  of  the  neck,  provided  with  a  sphincter  muscle  by  which  it  can 
be  ocGBsionally  closed. 

801.  In  a  large  proportion  of  the  Articulated  scries,  however,  we  find  the 
apparatus  for  atmospheric  respiration  presenting  a  high  degree  of  develop- 
ment; but,  like  the  branchial  organs  of  the  lower  members  of  that  scries,  it 
eiiiibits  a  tendency  to  repetition  in  successive  segments,  which  is  in  striking 
contrast  with  the  conformation  just  described.  What  are  to  be  homologicaUy 
conmdered  as  the  organs  of  respiration,  however,  appear  in  some  instances 
to  have  Uttle  or  no  connection  with  the  function,  as  is  the  case  in  regard  to 
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the  air-bladder  of  Fishes  (§  307).    For  the  saccnli  of  the  Leech  and  Earth- 
worm (§  287),  which  open  externally  on  each  side  of  the  body  by  orifices  that 
correspond  in  position  to  the  spiracles  of  Myriapodsand  Insects,  are  always 
found  to  be  full  of  fluid,  and  seem  rather  to  be  secreting  organs,  destined 
to  pour  forth  a  watery  mucus  for  the  lubrication  of  the  skin,  than  to  be 
directly  concerned  in  the  aeration  of  the  blood  (?)  or  of  the  chylaqueous 
fluid  of  these  animals.     This  seems  to  be  sufficiently  provided  for  by  the 
cutaneous  surface,  to  which  wc  have  seen  that  the  blood  is  specially  trans- 
mitted in  the  Leech  (§  220) ;  but  it  is  only  when  quite  moist,  that  the  skin 
can  thus  serve  as  a  respiratory  organ ;  and  in  maintaining  this  condition, 
the  secreting  sacculi  just  described  are  indirectly  subservient  to  this  fanc- 
tiou. — In  Myriapoda^  however,  we  find  a  regular  transition  presented  by 
the  respiratory  apparatus  of  the  different  families,  from  that  just  described, 
to  that  which  is  characteristic  of  Insects  ;  for  whilst  in  the  lower  lulidm  the 
spiracles  lead  only  to  a  double  scries  of  sacculi  presenting  few  or  no  ramifi- 
cations, the  higher  members  of  that  group  hare  a  set  of  ramifying  trachea, 
issuing  from  each  saccnlus,  and  proceeding  to  the  various  organs  of  its  own 
segment ;  and  in  the  Scolopendridm  the  tracheal  systems  of  different  seg- 
ments come  into  connection  with  each  other  by  mutual  inosculation,  some 
even  possessing  the  two  longitudinal  canals  connecting  together  the  whole 
scries  of  spiracles  and  the  main  trunks  of  the  tracheal,  which  we  find  in 
Insects.     The  tracheae  themselves  are  formed,  as  in  Insects,  of  two  mem- 
branes, between  which  an  elastic  spiral  fibre  winds  ronnd  and  round  the 
tube,  so  as  to  prevent  its  cavity  from  being  easily  obliterated  by  compression. 
302.  In  studying  the  Respiratory  system  of  Insects,  we  shall  have  occa- 
sion to  observe  several  peculiar  modifications  which  it  undergoes  for  par- 
ticular purposes,  whilst  its  essential  character  remains  unaltered ;  and  we 
shall  have  also  an  opportunity  of  noticing  the  varieties  of  form  and  ftinction 
which  the  same  apparatus  may  present  at  different  periods  of  life,  and  under 
changes  in  external  conditions.    The  muscular  energy  required  for  the  loco- 
motive powers  of  the  perfect  Insect,  and  the  general  activity  of  its  organic 
processes,  necessarily  involve  a  large  amount  of  communication  between 
the  nutritious  fluid  and  the  atmosphere ;  but,  on  the  other  hand,  the  low 
development  of  the  circulating  system  would  prevent  the  aeration  from 
being  accomplished  with  sufficient  rapidity,  by  the  transmission  of  the  blood 
through  one  particular  organ.     The  difficulty  is  obviated  by  the  introdoc- 
tion  of  the  vivifying  agent  into  every  part  of  the  body,  by  means  of  a  com- 
plex and  minutely  distributed  system  of  "  tracheoB ;"  which  ramify  through 
even  the  smallest  and  most  delicate  organs,  and  thus  bring  the  air  into  im- 
mediate relation  with  all  their  tissues  ;^  whilst  they  also  dilate  in  certalB 
parts  into  sacculi,  which  sometimes  attain  a  considerable  size  (Fig.  149). 
The  "spiracles,''  or  "stigmata"  (y),  through  which  air  enters  the  tracheal 
system,  are  normally  situated  upon  either  side  of  each  segment  of  the  body; 
but  they  are  often  deficient  in  certain  segments,  those  of  the  thorax  espe- 
cially.     They  differ  considerably  as  regards  their  complexity  of  stractnre; 
being  sometimes  mere  slits,  like  button-holes ;  whilst  in  other  instances  they 
have  two  valves,  which  can  be  opened  and  shut  (like  the  leaves  of  a  folding 
door)  by  muscular  effort     They  are  frequently  furnished,  moreover,  with  a 
kind  of  sieve  or  grating,  which  filters  out  the  particles  of  dust,  soot,  Ac., 
that  would  otherwise  enter  with  the  air,  and  soon  block  up  the  passages. 

>  It  is  stated  by  Dr.  T.  Williams  ("  Ann.  of  Nat.  Hist,"  2d  Sep.,  tdI.  xiii.  p.  19S) 
that  the  minntest  ramifications  of  the  traclieso  are  destitute  of  the  spiral  eoil ;  with  this 
statemeot  the  Author's  own  obserratioDS  accord. 


mind  as  of  tbc  f^ncculi  of  the 
Annelida)  mth  the  two  hmf 
truuks  (/),  which  pms  from 
one  end  of  the  bodj^  to  the 
other,  and  which  p-ive  oiT 
branches  whose  ramifications 
extend  throujrh  the  body. 
The  peculiar  relation  of  these 
tracheal  ramjtications  to  the 
eircnlatin^  sjstem,  hm  been 
already  described  (§  226). 
The  proportiona]  size  of  the 
jprcalar  dilatations,  whieh 
iW6  mostly  formed  on  the 
fiHncipaltrnnks,  varies  great- 
ly in  different  families.  They 
are  n snail j  most  deyeloped  in 
those  thtit  suKtain  the  longest 
and  rao?t  powcrftil  flight  ( aueli 
m  the  Bee  tribe),  whieii  are 
generally  those  whose  Inrra 
condition  has  been  most  im* 
perfect,  and  in  which  there 
been  originally  no  ap- 
pearatjce  of  thcsiie  enlarge- 
ments;  oil  the  other  hand, 
tbey  ftft  almost  entirely  ab- 
sent in  the  Insects  destined 
to  live  upon  the  ground,  or 
in  them  are  little  larger  than 
the  gliglit  expansions  found 
in  the  early  conditions  of 
sneh  as  undergo  no  complete 
metamorphoj^is.     There  can 


Tmcfbefl]  Myttem^t Nepn  {Wat*r  Soorpion) ;— a,  li«ail ; 

ie<?ond  pftlf  of  wliii^s;  e^  lecond  pair  of  legs;  /,  tfmehcal 
trunk;  j^  qdo  of  tbe  gtigmiLtA;  h^  mr  mc. 


he  little  doobt  that  one  use  of  these  cayitiei  is  to  diminish  the  specific 
gravity  of  the  Iniect,  and  thus  to  render  it  more  buoyant  in  the  atmosphere; 
bat  it  would  not  seem  improbable  that  they  are  intcndcil  to  contain  a  store 
of  air  for  its  use  while  on  the  wing^  as  a  part  of  the  spiracles  are  at  that  time 
close*!,  so  that  less  can  enter  from  without. 

308.  The  interchange  of  the  air  contained  within  this  system  of  traehcie 
and  atr-sacs,  is  accomplished  by  the  alternate  contraction  and  enlargement 
of  the  abdominal  portion  of  the  body.  The  abdominal  segments  are  seldom 
eoyered  by  complete  inflexible  rings  j  for  between  the  dorsal  and  the  yen- 
tral  half  of  each  ring,  a  membranous  portion  usually  interycnea ;  and  thns 
the  capneity  of  each  segment  may  be  diminished  by  the  approximation  of 
these  two  portions  of  its  dense  enyelop,  which  is  effected  by  muscular  con- 
traction. But  the  rings  are  also  capable  of  being  in  some  degree  drawn 
Bp  one  into  another,  like  the  sliding  joints  of  a  telescope;  and  in  this  way 
the  abdomen  is  shortened  as  well  as  compressed  vertically,  so  that  a  large 
part  of  the  air  contained  in  the  tracheal  system  w^ill  be  expelled  from  it. 
The  enlargement  of  the  abdomen^  and  the  refilling  of  the  tracheal  system, 
y  due  (like  the  inspiratory  moyement  of  Birds,  §  ST 
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to  the  elasticitj  of  all  the  parts  that  have  been  preyionslj  compressed,  and 
probably  in  no  small  degree  to  the  resiliency  of  the  spiral  fibre  of  the  tra- 
chea.— These  provisions  are  so  effectual,  that  the  amount  of  ^e  aerating 
changes  performed  by  an  Insect  in  a  state  of  activity,  is  not  less  in  propor- 
tion to  its  bulk,  than  that  effected  by  the  most  energetic  of  the  Yertebrata 
(§  322).  It  is  impossible  to  view  this  subject  philosophically,  without  being 
struck  by  the  fact  that  this  very  high  degree  of  respiratory  power  is  given, 
not  by  a  sudden  advance  to  a  more  complicated  and  perfect  system  of  organs, 
such  as  exists  in  the  Yertebrated  classes  of  animals,  but  by  an  extension  of 
the  comparatively  simple  plan  of  which  we  observed  the  first  traces  in  the 
Annelida ;  thus  affording  a  beautiful  example  of  the  great  law  of  regular 
progression  in  the  development  of  organs,  which  has  few  apparent  and 
perhaps  no  real  exceptions.  Nor  would  it  be  easy  for  any  reflecting  mind 
to  contemplate  the  manner  in  which  the  air  is  thus  brought  into  contact 
with  the  blood  in  the  minutest  textures  of  the  body,  without  a  feeling  of 
admiration  at  the  contrivance  shown  in  the  compensation  of  the  limited  cir- 
culation of  the  fluids  by  the  extensive  distribution  of  the  respiratory  appa- 
tus ;  and  at  the  means  by  which  the  necessary  lightness,  elasticity,  bnoyancy, 
and  muscular  energy  are  imparted  to  the  bodies  of  these  beautifol  and  in- 
teresting inhabitants  of  the  air. 

304.  In  the  Larva  condition  of  such  aerial  Insects  as  undergo  a  com- 
plete metamorphosis,  and  are  therefore  most  different  in  their  early  state 
from  their  ultimate  character,  the  structure  of  the  respirato^  system  closely 
corresponds  with  the  type  it  had  attained  in  the  higher  Myriapoda.  We 
find  it  entirely  consisting  of  ramifying  trachea,  connected  with  tiie  external 
air  by  the  spiracles  that  open  on  either  side  of  the  ventral  surface  of  the 
body ;  and  freely  communicating  with  each  other,  especially  by  the  two 
longitudinal  tubes  which  traverse  its  length,  and  into  which  the  stigmata 
open  by  short  straight  passages.  Just  as  the  Larva  is  passing  into  the 
Pupa  state,  the  larger  trachem  exhibit  dilatations  at  intervals,  which  are 
subsequently  developed  into  expanded  sacs  that  sometimes  attain  consid- 
erable size.  The  efforts  which  the  animal  makes  at  the  moment  of  trans- 
formation, to  rupture  its  skin  by  the  distension  of  its  body,  appears  to 
contribute  towards  the  expansion  of  these  sacs,  the  formation  of  which  had 
previously  commenced.^  One  remarkable  portion  of  the  tracheal  system, 
also,  the  incipient  evolution  of  which  may  be  detected  in  the  Lura  state, 
now  shows  an  increased  tendency  to  prolongation  ; — ^that,  namely,  whicii 
forms  the  wings.  It  has  been  regarded  as  absurd  to  maintain  that  the 
wings  of  Insects  are  essentially  a  part  of  the  respiratory  apparatus ;  hot 
that  such  is  their  real  homology,  is  shown  alike  by  their  perfect  stmctore, 
and  by  the  history  of  their  development.  A  very  little  examination  into 
the  structure  of  the  wings,  makes  it  clear  that  it  is  essentially  the  same  ts 
that  of  the  expanded  branchia  of  aquatic  larvsB ;  each  consisting  of  a  pro* 
longation  of  the  superficial  covering  of  the  body  over  a  system  of  ramifyiiC 
"  nerves"  or  ribs,  which  are  principally  composed  of  tracheaa  in  connectioD 
with  those  of  the  interior  of  the  fabric.  During  the  first  metamorphosis  of 
the  Sphinx  ligttstri,  as  observed  by  Mr.  Newport,  the  wings,  which,  at  tho 
moment  of  slipping  off  the  larva-skin,  were  scarcely  as  large  as  hemp-seedii 
have  their  trachesB  distended  with  air ;  and,  at  each  inspiration  of  the  insect^ 
are  gradually  prolonged  over  the  trunk,  by  the  propulsion  of  the  circulatb^ 
fluid  into  them.  The  enlargement  of  the  tracheae  may  also  be  observed  in 
the  antennto,  which  just  before  the  change  were  coiled  up  within  the  sides 

>  Newport  **  On  the  Respiration  in  Insects,*'  in  **  Philos.  Trans.,"  1836. 
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of  the  head,  bat  are  now  extended  along  the  sides  and  abdomen.  The 
complete  development  of  the  respiratory  apparatus  only  takes  place,  how- 
ever, at  the  time  of  the  last  metamorphosis  ;  when  the  wings  become  fully 
distended  with  air,  and  prepared  for  flight  by  the  active  respiratory  move- 
ments of  the  body ;  and  the  expansion  of  the  pulmonary  sacs  then  proceeds 
to  a  greater  extent.  It  may  frequently  be  noticed  that,  for  some  hours  or 
even  days  after  the  perfect  Insect  has  emerged  from  the  pupa  state,  it  makes 
no  effort  to  fly,  but  remains  in  almost  the  same  torpid  condition  with  that 
it  has  quitted ;  when  stimulated  to  move,  however,  it  makes  a  few  deep  in- 
spirations, its  wings  rapidly  become  fully  expanded,  and  it  soon  trusts  itself 
in  the  element  which  was  intended  for  its  habitation. 

305.  The  various  provisions  which  are  made  for  the  respiration  of  such 
Insects  as  inhabit  the  water,  are  of  a  nature  too  interesting  to  be  passed 
by.  In  those  aquatic  Larvae  which  breathe  air,  we  often  find  the  last  seg- 
ment of  the  abdomen  prolonged  into  a  tube,  the  mouth  of  which  remains 
at  the  surface  while  the  body  is  immersed.  The  larva  of  the  gnat  may 
often  be  seen  breathing  in  this  manner,  which  calls  to  mind  the  elephant's 
elevation  of  his  trunk  when  he  is  crossing  rivers  that  entirely  conceal  his 
head  and  body.  Sometimes  this  air-tube,  which  is  to  be  regarded  as  a 
prolonged  spiracle,  is  several  inches  in  length,  and  its  mouth  is  furnished 
with  afHnge  of  seta  (or  bristles),  which  entangle  bubbles  of  air  sufficient 
to  maintain  respiration  when  the  animal  descends  entirely  to  the  bottom ; 
and  the  large  tracheae  proceeding  from  this  tube  convey  the  air  through  the 
body  in  the  usual  way.  Most  aquatic  Larvss  which  are  unpossessed  of  such 
an  air-tnbe,  have  their  spiracles  situated  only  at  the  posterior  extremity  of 
the  body,  and  may  be  seen  apparently  hanging  from  the  surface,  whilst 
taking  in  the  necessary  supply. — There  are  some  Larvse,  however,  more 
particularly  adapted  to  aquatic  respiration,  by  the  development  of  the  tra- 
cheal system  externally  into  plates  or  tufts,  which  have  been  appropriately 
termed  aertferotu  hranchia;  their  object  being  not  so  much  to  carry  the 
circulating  fluid  into  contact  with  the  water,  as  to  absorb  from  that  element 
the  air  it  contains,  which  is  then  carried  into  the  internal  respiratory  appa- 
ratus. Sometimes  the  membrane  which  covers  the  branchiae,  and  which  is 
a  prolongation  of  the  external  surface,  is  continuous,  so  that  the  gills  have 
a  foliaceous  appearance  like  that  of  the  wings ;  but  in  other  cases,  it  is 
divided,  so  that  the  branchiae  more  resemble  the  filamentous  tufts  of  the 
Nereis.  Their  position  is  constantly  varying ;  sometimes  they  are  attached 
to  the  thorax,  sometimes  to  the  abdomen,  sometimes  even  situated  within 
the  intestine;  but  in  most  cases  they  have  an  important  relation  with  the 
movements  of  the  animal,  and  arc  frequently  the  sole  organs  of  progression 
with  which  it  is  furnished.  Thus  the  sudden  darting  motion  of  the  larva 
of  the  Lihelhda  (dragon-fly)  is  caused  by  the  violent  ejection,  from  the 
intestine,  of  the  water  which  has  been  taken  in  for  the  supply  of  the  respira- 
tory organs  it  contains ;  these  consisting  of  a  vast  number  of  villous  pro- 
longations of  the  membrane  lining  the  rectum,  arranged  in  regular  rows ; 
each  of  which,  instead  of  being  supplied  with  bloodvessels,  contains  a 
minutely-ramified  system  of  trachetc  communicating  with  the  principal 
trunks.  This  appears  to  be  the  sole  mode  in  which  these  larvae  obtain  air; 
for  their  tracheal  system  has  no  external  orifice,  save  a  single  pair  of  spira- 
cles, which  do  not  seem  to  give  ingress  or  egress  to  air,  except  when  the 
pupae  quit  the  water  to  undergo  their  last  metamorphosis.*    It  is  interest- 

'  See  the  interesting  Memoir  of  M.  Ldon  Dnfour,  «  Sur  les  Larves  dcs  Libellulcs,*' 
in  "Ann.  des  Sci.  Nat,"  8«  Sdr.,  Zool.,  torn.  xtU. 
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ing  to  observe  that  this  closed  condition  of  the  tracheal  Bjstem  seems  to  be 
a  character  common  to  other  Insect-larrs  in  an  early  stage  of  their  deye- 
lopment.^ — All  perfect  Insects  (with  the  exception  of  a  Neoropterons  in- 
sect, Pteronarcys,  described  by  Mr.  Newport  as  retaining  its  larral  branchiae 
in  the  Imago  state)  being  adapted  for  tracheal  respiration  only,  many 
curious  contrivances  may  be  witnessed  among  such  as  inhabit  the  water, 
for  carrying  down  a  sufficient  supply  of  oxygen  to  aerate  their  blood  whilst 
they  are  beneath  the  surface.  Some,  for  example,  inclose  a  large  bubble 
under  their  elytra  (wing-cases),  which,  not  being  closely  fitted  to  the  exte- 
rior of  the  body,  leave  a  cavity  into  which  the  spiracles  open ;  whilst  others 
have  the  whole  inferior  surfttce  of  the  body  covered  with  down,  which  entan- 
gles minute  bubbles  of  air,  in  such  large  quantity  as  to  render  the  insect 
quite  buoyant,  and  to  oblige  it  to  descend  by  creeping  along  the  stem  of  a 
plant,  or  by  a  strong  muscular  effort 

306.  In  the  lower  tribes  of  the  Arachnida^  such  as  the  Aearida,  the 
respiratory  apparatus  is  usually  constructed  on  the  plan  which  prevails 
among  Insects,  being  composed  of  a  system  of  trachesB,  ramifying  throogh 
the  body,  and  opening  externally  by  stigmata ;  this  apparatus,  however, 
would  seem  to  be  in  some  cases  very  imperfectly  developed  (§  54).  In  the 
higher  Arachnida,  however,  such  as  the  Spider,  Scorpion,  dec,  the  circu- 
lating system  is  more  complete,  and  there  is  no  longer  occasion  for  soch 
universal  aeration  of  the  solid  tissues,  that  of  the  nutrient  fluid  being  suffi- 
cient. Accordingly,  the  respiratory  apparatus  exists  in  a  more  concen- 
trated state,  which  approximates  nearly  to  that  which  has  been  described 
as  possessed  by  the  higher  Crustacea ;  but,  being  adapted  for  aerial  respira- 
tion only,  it  must  be  regarded  as  belonging  rather  to  the  pulmonary  than 
to  the  branchial  system.  The  spiracles  or  stigmata  in  these  animals, 
usually  four  on  each  side,  instead  of  opening  into  a  prolonged  set  of  rami- 
fying and  anastomosing  tubes,  enter  at  once  into  distinct  sacs,  disposed 
along  the  sides  of  the  abdomen,  to  which  the  air  has  therefore  ready  access. 
The  interior  of  these  cavities  is  not  smooth,  however,  like  that  of  the  pul- 
monary sacs  of  Insects,  but  is  prolonged  into  a  number  of  duplicatures  or 
folds;  these  lie  close  to  each  other  like  the  laminte  of  gills,  and  maybe 
regarded  either  as  analogous  to  them,  or  as  rudiments  of  the  partition  of 
the  cavity  into  minute  cells,  like  those  of  the  lungs  of  higher  animals. 
Each  of  these  laminae  is  described  by  Mr.  Newport  as  consisting  of  aa 
exceedingly  delicate  and  apparently  structureless  double  membrane,  which 
includes  within  it  a  parenchymatous  tissue  formed  of  single  cells  aggregated 
together,  their  arrangement  having  a  degree  of  regularity  in  some  parts, 
but  being  quite  irregular  in  others.  The  blood  is  brought  to  this  orgas 
by  a  vessel  which  runs  round  its  convex  margin ;  but  it  must  be  distribirted 
over  its  surface  by  a  lacunar  circulation  between  the  component  vesicles  of 
the  parenchyma.^ — ^Before  quitting  the  Invertebrated  classes,  whose  R^ 
spiratory  apparatus,  both  atmospheric  and  branchial,  has  now  been  de- 
scribed, it  is  worthy  of  note  that  in  no  instance  do  their  respiratory  organs 
communicate  with  the  mouth,  which  is  an  organ  solely  appropriated  to  tha 
reception  and  subdivision  of  the  food.  It  may  also  be  remarked,  that  it  is 
only  in  the  higher  tribes  that  any  muscular  movements  are  performed,  with 
express  reference  to  the  maintenance  of  the  respiratory  process  by  the  re- 
newal of  the  air  or  water  which  is  required  for  it ;  this  renewal,  in  the  lower 

>  Dp.  T.  Williams  in  "Philos.  Transact.,"  1853,  p.  G39. 
s  **  Philosophical  Transactions,"  1848,  p.  296. 
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being  aceomplisbed  by  ciliary  aetion,  or  by  the  general  locomotive 
m  of  the  body, 
307,  We  now  paes  on  to  Uie  eondderation  of  the  Pulmonary  apparatus 
of  Yertc^bmted  animals ;  a  rudiment  of  which  is  found  in  most  mem[>eTS  of 
ae  Osseous  diviBion  of  tiio  dass  of  FisIwM,  notwith  standi  tig'  that  tlie  aera- 
tion of  their  blood  is  otherwise  provided  for.     This  rudiment  is  commonly 
kno^Ti  as  the  *'air-bladilcr;'^  which  in  many  Fielies,  as  in  the  embryo  of 
"tninnialia,  is  a  simple  sae^  placed  along  the  middle  of  the  back  (Fig,  l^G^ 
p)  J  whilst  in  others,  its  cavity  is  divided  by  one  or  more  membranous  par- 
jj  and  this  division  proceeds  to  such  an  extent  iji  some  instances^  as 
\  give  to  the  organ  the  character  of  the  lang  of  a  Reptile.    The  air-bladder, 
in  a  large  proportion  of  the  Fishes  which  possess  it,  is  closed  on  every 
^de,  it«  cavity  having  no  conaection  with  any  other  organ  ;*  this  is  the  case, 
&r  example,  with  that  of  the  Perch,  God,  Mackerel,  and  other  Acfmtho^ 
^erfffii  of  Cuvicr.    But  in  most  of  the  Malac&piet-^^if  as  the  11  erring ,  Sid« 
Don.  Pike,  Carp^  Eei,  &c.,  the  air-bladder  communicates  with  some  part  of 
tie  alimentary  canal  nciir  the  stomach,  by  means  of  a  short  wide  canal 
enned  the  dut*im pneumattctis  ;  and  in  the  Cirprimdm  (Carp  tribe)  thiis  com- 
BUJilcation  is  formed  with  the  oesopha^^us.    The  true  relations  of  this  organ 
re  roost  remarkably  shown  in  the  Lepidostem  or  "  bony- pike'' of  the  ^Corth 
Lmericau  lakes.     This  curious  fish^  which  presents  many  Reptilian  afBni- 
t^s,  ha^  the  air-bladder  divided  into  sacs  that  possess  a  cellular  structure ; 
tie  triK'liea  wiiich  jn'oceeds  from  it  opens  hija^h  up  in  the  throat,  and  u  sur* 
aoantcd  with  a  glottis.     Another  fish  may  be  mentioned  as  preeenting  an 
^paratJis  aiiapted  for  atmospheric  respiration,  which  is  rather  a  peenliar 
fevelopmeiit  of  a  portion  of  the  branchial  apparatus,  than  the  nidinient  of 
be  long  of  air-breathing  Vertcbrata;  this  is  the  Cuchia,  the  peenliarity  of 
rhose  circulating  system  lias  been  already  noticed  (§  241).     Here,  as  in 
lie  SynbrancUus,  there  is  but  a  single  branchial  oriliee,  which  is  situated 
Dder  the  throat  \  and  this  leadj?  by  a  passage  on  each  side  to  the  giUs,  of 
Ihich  there  are  only  two  rows,  and  these  but  slightly  developed.    The  prin- 
*  CI  pal  organs  of  respiration  are  two  vascular  sacculi,  prolonged  from  the 
branchial!  chamber,  and  placed  on  either  side  of  the  head  j  these  commnui- 
ite  with  the  cavity  of  the  month  by  two  orifices,  each  of  them  provided 
ith  a  sort  of  constrictor  muscle,  which  serves  to  contract  or  entirely  close 
it,  and  which  thus  resemblea  a  glottis ;  and  into  these,  air  is  received  for 
the  oxygenation  of  the  blood  which  is  distributed  upon  their  walls.     From 
ihat  has  been  said  of  the  anatomical  structure  of  this  curious  animal,  it  i% 
bvious  tliat  it  possesses  the  circulation  of  Reptiles,  and  the  respiration 
inly  of  that  class  and  partly  of  Fishes,     Its  blood  wiU,  therefore,  be  less 
tygenated  than  in  the  regular  types  of  either  class;  since  the  respkatorj" 
Hi  are  less  arlapted  for  its  aeration  than  are  those  of  Reptiles,  and  only 
,  part  of  the  blood  is  sent  to  them,  instead  of  the  whole,  as  in  Fishes.     To 
liiw  defit-iency  we  may  attribute  the  obtuseness  of  its  senses  and  sluggish- 
'me*s  of  its  movements,  which  form  a  striking  contras^t  to  the  vivacity  of  the 
Eel     It  is  generally  found  lurking  in  holes  and  crevices,  on  the*  muddy 
baakK  of  marshes  or  slow-moving  rivers.     The  power  which  the  animal 
poeiasseg  of  distending  the  respiratory  sacs  with  air,  while  on  land,  and  the 
laooBity  it  is  under  of  rising  to  the  surface  of  the  water  for  the  same  pur- 
Br  prove  beyond  a  doubt  that  they  perform  the  function  of  Inngs ;  and 

A^^rding  to  VoG  Biier*  the  nir-bladtler  id  dcvelopcil  As  &  pr&ta^  or  diptrfim^m 
OTn  lite  upper  piirt  of  the  Dlimc!tUary  conril;  ao  tlmt,  wben  it  forms  a  closed  sac,  the 
1  e^moiimicAtioii  lutist  hjive  lieen  oblite»ted.     Bm  KqIs  to  {  316, 
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lead  us  to  the  conclnsion,  therefore,  that  the  Caehia  is  "amphibious''  in  the 
strict  sense  of  the  word — forming  a  connecting  link  between  the  Ophidian 
Reptiles  and  the  Synbranchns  among  Fishes/ — ^In  some  other  Fishes,  espe- 
cially such  as  naturally  inhabit  small  collections  of  fresh  water,  whose  tem- 
perature is  liable  to  be  considerably  raised  during  the  heat  of  summer,  the 
mucous  lining  of  the  alimentary  canal  appears  to  serre  as  an  additional 
organ  of  respiration ;  for  such  fishes  are  frequently  seen  to  rise  to  the  sur- 
face, and  to  swallow  air,  which  is  subsequently  discharged  by  the  anus,  with 
a  large  quantity  of  carbonic  acid  substituted  for  its  oxygen.  This  is  the 
case,  for  example,  with  the  Cobitis  (loach) ;  and  it  would  seem  as  if,  under 
these  circumstances,  some  such  supplemental  means  is  required  for  carrying 
on  the  respiratory  process  with  unusual  activity  (§  323). 

308.  It  does  not  seem  improbable  that  in  those  Fishes  which  possess  a 
short  and  wide  ductus  pneumaticus^  the  air-bladder  may  serve  as  an  acces-* 
sory  organ  of  respiration ;  atmospheric  air  being  taken  in,  and  carbonic 
acid  ejected,  through  the  alimentary  canal,  in  the  manner  just  described. 
But  in  those  whose  air-bladder  is  a  closed  sac,  it  seems  evident  that  it  can- 
not in  any  way  conduce  to  the  aeration  of  the  blood;  and  this  is  one  of  the 
instances,  of  which  many  might  be  pointed  out  both  in  the  Yegetable  and 
Animal  kingdoms,  wherein  the  rudimentary  form  of  an  organ,  that  attains 
its  full  development  in  other  classes,  is  adapted  to  discharge  some  office 
quite  different  from  that  to  which  it  is  destined  in  its  perfect  state.  The 
gas  which  the  air-bladder  contains,  is  composed  of  the  same  elements  as 
atmospheric  air,  namely,  oxygen,  nitrogen,  and  carbonic  acid ;  bat  these 
are  mixed  in  proportions  that  are  very  liable  to  variation.  It  has  been 
said  that  oxygen  is  deficient  in  the  contents  of  the  air-bladder  of  fresh- 
water fishes,  and  is  predominant  in  that  of  fishes  which  inhabit  considerable 
depths  in  the  sea.  This  organ  is  altogether  absent  in  fishes  which  are 
accustomed  to  remain  at  the  bottom,  and  whose  movements  are  slow,  such 
as  the  Pleuronectida^  or  ''  flat-fish ;"  whilst  it  is  of  large  size  in  those  re- 
markable for  vehement  and  prolonged  movements,  especially  in  Flying-lish 
of  various  species.  It  is  generally  supposed  that  the  possession  of  an  air* 
bladder  enables  the  fish  to  alter  its  specific  gravity,  by  compressing  the  bag 
or  permitting  its  distension ;  but  experiment  shows  that,  after  tihe  organ 
has  been  removed,  a  fish  may  still  retain  the  power  of  raising  or  lowering 
itself  in  the  water. — In  many  Fishes,  especially  such  as  have  either  no 
ductus  pneumaticus,  or  a  narrow  one,  the  bloodvessels  of  the  air-bladder 
are  developed  into  vascular  tufts,  which  are  sometimes  spread  over  its  id* 
terior,  but  are  more  commonly  aggregated  into  one  mass,  which  is  spoken 
of  as  a  ''vascular  gland,"  or  "  vaso-ganglion ;"  the  use  of  this  organ  is  alto- 
gether unknown. 

309.  The  members  of  the  family  of  Perennihranchiata  (which  is  the  only 
true  amphibious  group)  all  possess  lungs  more  or  less  developed ;  thoa6  « 
the  Proteus  being  very  similar  to  the  air-bags  of  Fishes,  whilst  those  of  the 
Lepidosiren  (Fig.  150)  and  of  the  Siren  exhibit  saccular  depressions  upoi 
their  internal  surface,  which  are  the  first  indications  of  a  subdivision  of  the 
cavity  into  air-cells.  The  tube  by  which  they  open  into  the  month  bean* 
greater  resemblance  to  the  "  ductus  pneumaticus"  of  Fishes,  than  to  the 
trachea  of  higher  animals;  being  simply  membranous  without  an  appearance 
of  rings,  while  the  glottis  in  which  it  terminates  is  a  mere  slit  in  the  throat 
Thus,  the  transition  from  the  simple  closed  sac  of  Fishes,  to  the  more  com- 
plex subdivided  lung  of  Frogs,  is  perceived  to  be  very  gradual ;  whilst,  at 

>  Taylor,  in  "Brewster's  Journal,"  1831. 
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Fig.  150, 
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the  same  time,  the  point  of  connection  between  the  respiratory  caTitj  and 
Iho  aiimentary  tube  may  be  obsorTcd  to 
l^icend,  by  similar  gradations,  from  the 
irtomach  or  some  ncighborinf  part,  to 
thu  coaoplmgTis,  and  at  last  to  the 
pbarj^rix*  Although  all  the  aniraala 
which  retain  their  gills,  at  the  seme 
time  that  they  acquire  lungs,  are  more 
or  k^s3  adapted  to  atmospheric  and  to 
aquatic  respiration,  the  relative  share 
taken  by  the  two  methods  varies  with 
the  comparative  development  of  their 
organs,  Tims,  in  the  Strejtj  the  pnU 
jnonic  respiration  is  more  extensive  and 
important  than  the  branchial ;  but  the 
reverse  is  the  case  in  the  Proteus, 
Even  the  Siren,  however,  dies,  if  its 
branchial  respiration  be  prevented  by  desiccation  of  the  gills.  In  the^w- 
phiuma  and  Menopoma  (whose  early  condition  is  not  known)  the  lunge  are 
more  developed;  and  the  animals  seem  to  breathe  by  them  alone,  no  bran* 
cliial  filaments  being  present, 

310.  The  lungB  of  the  eeveral  orders  of  Mepiiks  ^n^  for  the  most  part 
formed  upon  one  type,  being  capacious  sacs, 
the  extent  of  whose  vascular  surface  is  but 
little  augmented  by  Racculi  developed  in 
their  walls :  in  the  Crocodilia  and  C'hehnta, 
however,  there  is  an  iucijiient  subdivisiion  of 
the  principal  cavity,  which  fore&hadowg,  m 
to  speak,  that  which  is  presented  by  the 
hings  of  Birds  and  Mammals,  The  lungs 
of  the  Frog  (Fig.  151 )  present  a  good  ilJus- 
ti^tion  of  the  inferior  type  of  pnlmonated 
struct nre  in  the  class  of  Reptiles.  On 
laying  them  open,  each  is  found  to  cons^ist 
of  a  capacious  cavity,  in  which  the  bron- 
chus of  its  own  side  terminates,  and  on  the 
walls  of  which  the  pulmonary  veissela  are 
distributed ;  tbese  walls  at  t!ie  lower  part 
are  thin  and  membranous,  but  at  the  upper 
part  they  are  strengthened  by  prolonga* 
tions  of  the  cartilaginous  framework  of  the 
trac"hc4i,  which  forms  a  ring  (A)  at  the  root 
of  the  lungs  ;  and  these  prolongations  pro- 
duce by  their  inosculation  a  cartilaginous 
network^  in  the  interspaces  of  which  are 
minute  sacculi^  whose  Uniug  membrane  is  crowded  with  bloodvessels.  In 
this  manner,  a  &et  of  *'  air-cells"  is  formed  in  the  upper  wall  of  the  lung, 
which  eoinmuntcates  with  the  general  cavity,  and  very  much  increases  the 
extent  of  surface  by  which  the  blood  comes  into  relation  with  the  air  intro- 
duced inio  the  pubnonary  organs? ;  but  each  air-cell  has  its  own  capillary 
network  on  its  walls,  and  consequently  the  blood  is  only  exposed  to  the  air 
on  one  side  of  that  network,  instead  of  on  both  as  in  Mammids  (§  313). 
In  Serpenfn,  we  usually  find  the  pulmonary  apparatus  to  consist  of  a  single 
long  cylindrical  sac  (Fig.  152,  c),  simply-membranous  at  its  lower  part,  but 


Ecspiratof^r»rgiin*«f  nFjrn^,  ne  Msen 
on  their  anterior  sitrrac^:^ — rtjjygidenn 
Apparntun  \  h,  eirtilnginuiii  rm^nUhe 
root  of  the  1iin;;i ;  c,  pulmtiTiEirj  §i^es, 
covered  with  vfiiculiir  ratuiticaiioug. 
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famished  at  its  upper  extremity  with  a  cartilaginous  reticulation  projecting 

into  its  cavitj,  and  inclosing  in 


Fig.  152. 


Lungs  of  the  two  sidesi  in  A.,  Bipe*  Iepidopu$ ; 
in  By  BxmamiM  eanalieulatut ;  in  c.  Coluber  natrix; 
— a,  trachea ;  h^  bronchial  tubes ;  c,  right  long ; 
<f,  left  lung ;  d,  pulmonary  artery. 


its  interstices  ser^ral  layers  of 
'^  air-cells"  with  minutely  Yascular 
walls,  which  communicate  through 
each  other  with  the  general  cavity. 
The  lang  of  the  left  side  (e')  is 
generally  undeveloped.  Fron 
the  great  capacity  of  their  respi- 
ratory sac,  the  mobility  of  their 
ribs,  and  the  power  of  their  in- 
tercostal muscles,  Serpents  are 
capable  of  rapidly  inspiring  and 
expiring  a  large  quantity  of  air^ 
by  which  the  want  of  an  exten- 
sive surface  is  compensated,  and 
energy  is  imparted  to  their  mus- 
cular exertions.  It  is  the  pro- 
longed expulsion  of  the  air,  after 
the  lung  has  been  fully  inflated, 
that  gives  rise  to- the  continued 
hissing  sound  by  which  these 
animals  sometimes  alarm  their 
prey.  In  the  aquatic  serpents, 
the  large  body  of  air  contained 
in  the  body  serves  to  render  it 
buoyant,  and  at  the  same  time 
supplies  the  wants  of  tiie  aniaud 
during  a  prolonged  immerrioo. 
In  the  Saurian  Reptiles,  we  stiD 
find  a  very  imperfect  subdivision 
of  the  pulmonary  sacs ;  but  thej 
are  equally  developed  on  both 
sides  of  the  body,  excepting  in 
those  genera  which  approach  the 
preceding  order  in  the  elongati<m 


of  their  bodies  and  the  imperfect  development  of  their  limbs  (§  68) ;  the  Wt 
lung  of  these  animals  being  either  much  shorter  than  the  right  (Pig.  162,  a), 
or  being  almost  undeveloped  (b).  In  the  lower  forms  of  these  organs,  there 
is  scarcely  any  appearance  of  sacculi,  and  they  are  usually  much  prolonged, 
frequently  extending  through  the  whole  trunk,  as  in  the  Chameleon,  as  well 
as  in  many  other  Lizards ;  and  their  fulness  or  emptiness  of  air  gives  rise 
to  the  plump  or  lean  appearance,  either  of  which  these  animaU  have  the 
power  of  assuming  by  the  simple  processes  of  inspiration  or  expirados. 
But  when  we  have  advanced  upwards  to  the  Crocodile,  we  find  the  liuifB> 
though  externally  small,  subdivided  to  a  great  degree  of  minuteness  by  in* 
temal  partitions ;  and  we  also  find  the  lungs  more  restricted  to  the  thoraeic 
region,  with  some  indications  even  of  a  diaphragm,  which  is  entirely  want- 
ing in  all  the  inferior  genera.*     The  structure  of  the  hings  in  Turtles  and 

1  Two  openings  are  found  near  the  cloaca  of  the  Crocodilef  leading  from  the  exfteiii 
surface  to  the  interior  cATity  of  the  abdomen,  which  is  lined  by  the  peritoneum ;  and  it 
has  been  supposed  by  Geoff.  St.  llilaire,  that  the  superior  energy  of  the  Crocodile  whet 
immersed  in  water  is  due  to  the  penetration  of  that  fluid  into  the  abdomioAl  cftTity, 
and  the  consequent  conTcrsion  of  the  peritoneum  into  an  additional  respiratory  sarfeee. 
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Fig.  153. 


fmr-®' 


J  'W  J 


. 


other  Chelmiia  is  very  similar  to  that  exhibited  by  the  Crocodile  tribe  \  the 
sflcs  have  their  cavities  subdivided  by  iacomplete  partitions  (Fijff.  153);  bat 
they  are  still  very  capacious,  aiiU  matenally  assist,  by  the  quantity  of  air  they 
conta-iij,  in  buoying  up  the  heavy  tnitik  of  these 
aninmls  when  sailinp^  on  the  surface  of  tlic  water* 
— The  relative  inferiority  of  the  re!?piratory  ap- 
paratus of  Reptiles  is  further  shown  in  the  ab* 
sence  of  those  means  for  effecting  a  continual 
interchange  in  the  gaseous  contents  of  the 
lungs,  which  we  find  in  Birds,  and  still  more  in 
Mammals.  In  Batrachia  and  Amphibia,  the 
lungs  can  only  be  lillcd  with  air  l>y  an  action 
that  resembles  swallowing ;  and  in  Serpents  and 
Lizards,  although  the  movements  of  the  ribs  can 
in  some  degree  effect  such  a  compression  and 
dibtation  of  the  pulmonary  cavity  as  shall  oc- 
CMion  the  egress  and  ingress  of  air,  yet  this  is 
ft  alow  and  impcrfeot  process  compared  with  the 
rhythmical  and  efficient  action  of  the  diaphragm 
in  Mammalia.  Taken  as  a  whole^  this  class  is 
remarkable  for  the  feebleness  of  its  respiratory 
act  ions,  and  for  the  length  of  time  during  which 
the  process  can  be  suspended  without  injury. 
The  demand  for  aeration  is  very  much  regulated, 
however,  by  the  temperature  to  which  the  indi- 
Tiduai  is  subjected  (§  823), 

311*  The  respiratory  aj^paratus  of  Birds,  notwithstanding  its  extra- 
ordinary extension,  is  intermediate,  in  its  grade  of  development,  between 
that  of  Reptiles  and  that  of  Mammalia;  presenting,  at  the  same  time, 
features  pecaliarly  its  own.  In  this  class,  as  in  Insects,  it  extendg  through 
a  great  part  of  the  body  \  large  sacs  connected  with  the  lungs  being  con- 
tained iu  the  abdomen,  and  even  continued  beyond  the  cavity  of  the  trunk, 
M  under  the  skin  of  the  neck  and  extremities,  where  they  seem  to  take  the 
place  of  the  ordinary  •' bursm  mucosce."^    These  sacs  freely  communicate 
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the    Lung 


of  tha 


Thm&  IB  no  sufficieot  re&son,  bowerer,  to  beUove  diat  any  bucIi  admigsion  of  Trater  ever 
U3sm^  pljice,  the  canals  being  very  small^  ancJ  their  orifices  cotjtract<*d ;  and  jt  seems 
mare  pi-Qb&ble  tbnt  thej  are  to  be  ri^gnrded  simply  &a  tbs  remunnts  of  tho  etct'etory 
duets  of  Ifae  Wolffian  bodies,  of  wUioli  trncea  are  also  to  ho  found  in  the  **^Taginal  eanab" 
of  Euimnants  and  same  other  iVtammnlia, 

1  Y&Tio[i;$  surmises  have  beeti  fonned  as  to  the  partleulajr  uses  of  tbeso  alx^siies  in  tbe 
ee^oomy  of  the  Bird  ;  and  it  does  not  seem  iniprcbable,  that,  besides  contributing  to 
the  fuoetion  of  Respirntion  by  the  esitensioii  of  Burface  they  afford,  they  h(ii?e  aonto 
But^^idifLry  purposes*  One  of  the  most  CTident  is  that  of  renderiDg  the  body  specifi- 
callj  lighter,  aa  m  lo^eets ;  and  this  wrU  be  obTiously  assisted  by  the  great  heat  of  the 
ty^^m,  which  rarefies  the  cont&ined  air.  Again,  the  distension  of  the  air-eells  nssi^ta 
in  k««ping  the  winf^i*  outstretched,  as  ia  shown  by  the  fact  that  inflntJon  of  those 
mtuAti^d  in  the  neighbourhood  of  their  tnusdes  is  followed  by  their  expunsioti ;  this 
niui«t  be  a  moat  importanl  econonoy  of  muscular  action  in  birds  which  hover  long  m 
the  air-  Their  evident  analogy  to  the  pulmonary  sacs  of  losecta  {|  302)  is  confirrued 
hj  their  relatively-larger  dimensions  in  Birds  of  long-continued  and  rapid  motion, 
than  in  the  alow-moviiiK  tribes  which  are  almost  confined  to  the  earth  or  waters.  It  has 
I  romarLed  in  ndditioti,  that  *Hhe  same  air  which  eserts  it^  renOTating  inSucnce 
I  the  h1o<kd,  supports  all  the  more  delicate  structures  whieh  it  reaches  nnd  sur- 
muidtp  at  ft  cuflhion  of  the  most  perfect  softness  and  elasticity  ;  so  that  by  the  most 
rapid  motioiL,  and  the  most  violent  twitches  which  the  body  reeeiTcs  in  tii©  ehangea 
mud  tursliigi  of  that  motion,  there  can  be  no  concu£6ton  of  the  parts  more  immediately 
r  for  tlia  life  of  the  birds."  It  would  scarcely  seem  itnprob&ble  that  the  targe 
2^ 
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with  the  pleural  and  peritoneal  cavities,  of  which  they  may  in  fact  be  re- 
garded as  extensions ;  and  the  pleural  cavity  communicates  with  the  bronchial 

tubes  by  large  open  orifices  that 
Fig.  153».  may  be  seen  upon  the  surface  of 

the  lungs  (Fig.  153*  d).     Even 
the  bones  are  made  subservient  to 
this  function;   for  though  at  an 
early  period  they  possess  a  spongy 
texture,  like  those  of  Reptiles,  and 
are  filled  with  thin  marrow,  they 
subsequently  become  hollow,  and 
their  cavities  communicate  with 
the  lungs ;  in  the  aquatic  species, 
however,  the  original  condition  is 
retained  through  life.     In  those 
Birds  of  which  the  bones  are  thus 
permeated  by  air,  the  trachea  may 
be  tied,  and  the  animal  will  yet 
continue  to  respire  by  an  opening 
made  in  the  humerus  or  even  m 
the  femur.     The  minute  stmctare 
of  the  lungs  of  Birds  presents  fea- 
tures of  great  interest.     The  en- 
tire mass  of  each  may  be  con- 
sidered   as  subdivided    into   an 
immense  number  of  "  lobules,"  or 
''  lunglets,"  each  of  which  has  its 
own  bronchial  tube  (or  subdivision 
of  the  windpipe),   and  its  own 
system  of  vessels,  which  have  hot 
little  communication  with  those  of  other  lobules.     Every  lobule  haa  a  cental 
cavity,  which  closely  resembles  that  of  the  Frog  in  miniature,  its  walls  being 
strengthened  by  a  network  of  cartilage  derived  from  the  bronchial  tube,  in  the 
interstices  of  which  are  openings  leading  to  sacculi  in  their  substance.   Bot 
these  sacculi  are  not,  as  in  Reptiles,  bounded  by  a  distinct  membrane,  pro- 
longed from  that  of  the  general  cavity ;  for,  with  the  exception  of  the  psrt 
nearest  the  latter,  the  whole  thickness  of  the  wall  may  be  considered  tf 
made  up  of  a  very  close  plexus  of  bloodvessels,  between  the  meshes  of  which 
the  air  penetrates  freely  without  any  limitation ;  and  thus  every  capillaij  ii 
in  immediate  relation  with  air  on  all  sides,^  a  provision  that  is  obvioody 
very  favourable  to  the  complete  and  rapid  aeration  of  the  blood  whidi  it 
contains. — The  lungs  of  Birds  do  not  lie  free  in  the  thoracic  cavity,  like 
those  of  mammals,  but  are  bound  down  on  their  dorsal  aspect  to  its  waHii 
as  in  many  Reptiles ;  and  their  diaphragm  is  usually  incomplete  (its  tend- 
inous expansion  losing  itself  on  the  bases  of  the  lungs),  so  that  the  tho* 
racic  cavity  is  but  imperfectly  separated  from  the  abdominal.     The  dii- 
phragm  is  more  complete,  however,  in  the  Struthionidcs  ;  and  in  the  Apttrft 
its  conformation  altogether  resembles  that  of  the  diaphragm  of  7  ~ 


Pulmonary  apparatus  of  a  Pigeon,  m  seen 
OD  removing  the  anterior  wall  of  the  thorax : — 
a,  trachea ;  6,  bronchi ;  e,  lungs ;  d,  apertures  of 
communication  with  air-cells. 


air-cells,  which  arc  found  extending  beneath  the  integument  of  the  whole 
especially  the  under  side,  of  the  Pelican  and  Gannet,  senre  to  deaden  the  ca 
which  the  body  must  experience,  when  the  bird,  after  raising  itaelf  to  oonadwalb 
height  in  the  air,  lets  itself  suddenly  fall  upon  the  water  in  pursuit  of  its  finny  mf« 
1  See  Mr.  Rainey's  description  of  the  '*  Minute  Anatomy  of  the  Long  of  the  ImH' 
in  the  *<  Medico-Chimrgioal  Transaotioni*'  for  1849. 
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thoagh,  as  the  air  still  passes  into  the  pleural  cavity,  the  mechanism  of 
respiration  mast  be  less  complete  than  in  that  class.  From  the  elasticity 
of  the  bony  framework  by  which  the  thoracico-abdominal  cavity  of  Birds 
is  sarrounded,  the  state  of  fulness  is  natural  to  it,  and  that  of  emptiness 
is  forced.  The  lungs  and  air-cells  being  full  of  air,  they  are  partially 
emptied  by  the  agency  of  muscles  which  draw  the  sternum  nearer  to  the 
spinal  column,  and  thus  diminish  the  capacity  of  the  visceral  cavity ;  but 
when  these  muscles  are  no  longer  kept  in  contraction,  the  sternum  springs 
outward  again,  the  cavity  is  restored  to  its  original  dimensions,  and  the 
air  rushes  in  to  fill  the  lungs  and  air-cells.  The  distension  of  the  lungs 
is  farther  aided  by  the  contraction  of  the  diaphragm,  which  draws  their 
bases  downwards  in  the  act  of  inspiration. 

312.  Of  all  animals,  Birds  are  most  dependent  upon  a  constant  renewal 
of  the  air  in  their  langs,  and  upon  the  purity  of  that  with  which  they  arc 
sapplied.  Most  Birds  will  die  in  air  which  has  been  but  slightly  charged 
with  carbonic  acid,  and  which  can  be  respired  by  Mammals  without  imme- 
diate injary  ;  whilst  a  greater  degree  of  impurity,  which  is  at  once  fatal  to 
Mammals,  can  be  sustained  for  a  long  period  by  Reptiles. — It  is  beautiful 
to  observe  that  in  Birds,  as  in  Insects,  the  great  extension  of  the  respirator}- 
surface  is  given  by  a  simple  increase  in  the  capacity  and  prolongation  of 
the  sacs,  and  not  by  that  concentration  of  it  into  a  small  bulk,  which  is 
effected  hj  the  minute  partitioning  of  their  cavity,  and  which  indicates  the 
highest  form  of  the  respiratory  organs.  Another  analogy  presented  by 
their  respiratory  system  to  that  of  Insects,  is  this :  In  Insects,  the  whole  of 
the  aeration  is  effected  by  bringing  the  air  into  contact  with  the  blood 
actually  circulating  through  the  system ;  whilst,  in  the  higher  air-breathing 
animalB,  possessed  of  a  more  centralized  apparatus  (whether  consisting  of 
longs  or  gills),  the  blood  is  transmitted  through  it  by  a  special  adaptation 
of  the  vascular  system,  in  the  intervals  of  its  circulation  through  the  body. 
In  Birds,  we  find  a  curious  adaptation  of  the  latter  more  elevated  type  to 
the  Insect-like  conditions  of  their  existence ;  for,  whilst  the  air  introduced 
into  the  lungs  acts  upon  the  blood  transmitted  by  the  pulmonary  vessels, 
that  which  fills  the  air-cells  and  cavities  of  the  bones,  comes  into  relation 
(as  in  Insects)  with  the  capillaries  of  the  system  at  large. 

313.  The  respiration  of  Mammalia  is  not,  like  that  of  Birds,  extended 
through  the  system,  but  is  restricted  to  the  lungs ;  and  as  a  perfect  dia- 
phragm is  now  developed,  which  completely  separates  the  thoracic  from  the 
abdominal  cavity,  these  organs  are  confined  to  the  former.  Although  their 
bulk  is  proportionally  so  much  smaller  than  that  of  the  pulmonary  sacs  of 
Keptiles,  the  actual  amount  of  surface  over  which  the  blood  is  exposed  to 
atmospheric  influence  is  beyond  comparison  larger,  owing  to  the  very  mi- 
nute anbdivision  of  their  cavity.  The  want  of  capacity,  too,  is  compensated 
by  the  active  movements  of  inspiration  and  expiration,  which  con.stantly 
and  most  effectually  renew  their  contents.  The  lungs  are  greatly  developed 
in  all  the  more  powerful  Mammalia,  especially  in  the  Carnivorous  species ; 
but  they  are  comparatively  smaller  in  th^ir  extent  of  surface,  in  the  feeble 
and  inferiorly-organized  Herbivora ;  and  the  red  corpuscles  are  much  more 
nnmerons  in  the  blood  of  the  former,  than  in  that  of  the  latter.  The  varie- 
ties in  the  conformation  of  the  lungs  presented  by  the  difierent  orders  of 
Mammals,  relate  chiefly  to  their  exterior  divisions,  and  to  their  greater  or 
less  capacity ;  the  plan  of  structure  being  nearly  the  same  in  all.  The 
whole  interior  of  the  lungs  of  IVfan  and  of  Mammals  generally,  is  divided 
into  minnte  "air-cells,"  which  freely  communicate  with  each  other,  and 
with  the  nltimate  ramifications  of  the  bronchial  tubes.     The  partitions  be- 
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tween  these  cayities,  the  diameter  of  which  in  Man  varies  from  l-200th  to 

1-7  Oth  of  an  inch,  are  formed  by 
Fig.  154.  doable  folds  of  basement-mem- 
brane, between  which  is  a  capillaiy 
plexus  arranged  in  a  single  layer 
(Fig.  154) ;  so  that  the  blood  in 
these  capillaries  is  exposed  to  the 
air  contained  in  the  cells  on  both 
sides  of  it,  bat  is  not,  as  in  Birds, 
brought  into  relation  with  the 
atmosphere  without  the  interven- 
tion of  a  basement-membrane.^  It 
has  been  calculated  that  the  num- 
ber of  these  air-cells  gpronped  round 
the  termination  of  each  bronchial 
tube — ^which  cluster  represents  a 

Arrangement  of  the  Capillaries  of  the  alr-celU       ';iobule"of  the  lungofthe  Bird,  and 

of  the  Oilman  Lung.  the  entire  luug  of  a  Frog — la  not 

less  than  18,000;  and  that  the 
total  namber  in  the  Human  lungs  is  not  less  than  Hx  hindred  milUoHS. 
Some  idea  may  be  formed  from  this  estimate,  of  the  vast  extent  of  sur- 
face which  is  thus  provided,  for  bringing  the  blood  into  relation  with 
the  air. 

314.  This  respiratory  surface  is  brought  into  the  most  advantageous 
use  possible,  by  the  arrangements  that  are  made  for  the  continual  renewal 
of  the  air  which  the  lungs  contain.    The  state  of  the  thoracic  cavity  (which 
is  always  separated  from  the  abdominal  by  the  interposition  of  a  complete 
diaphragm)  that  seems  most  natural  to  Mammals,  is  that  of  partial  fnlnen; 
to  empty  it,  and  to  fill  it  completely,  alike  require  a  considerable  mnsenlar 
exertion ;  but  a  moderate  alteration  of  its  capacity,  such  as  takes  place  in 
ordinary  respiration,  is  accomplished  without  sensible  effort.     SupposiDg 
the  expiratory  movement  to  have  been  just  performed,  the  cavity  of  the 
chest,  reduced  to  its  smallest  dimensions  by  the  ascent  of  the  diaphragm, 
the  descent  of  the  ribs,  and  the  falling  in  of  the  sternum,  is  enlarged  in 
each  direction  by  the  contraction  of  the  diaphragm,  which  diminishes  the 
convexity  of  its  arch,  and  by  the  elevation  of  the  ribs,  which  brings  them 
more  nearly  into  a  straight  line  with  their  cartilages,  and  thus  pushes  fo^ 
wards  the  sternum,  whilst  it  separates  the  middle  points  of  the  opposite 
ribs  from  each  other  laterally,  so  as.  to  increase  the  breadth  of  the  earitj. 
A  vacuum  is  thus  created,  which  can  only  be  filled  by  the  expansion  of  the 
lungs ;  and  they  consequently  become  distended  with  atmospheric  air,  which 
rushes  down  the  trachea,  and  makes  its  way  through  the  ramificatioDi  of 
the  bronchial  tubes  to  the  ultimate  air-cells.     When  the  inspiratory  moT^ 
mcnt  has  been  completed,  the  diaphragm  relaxes  and  is  pu^ed  up  by  the 
abdominal  viscera,  under  the  pressure  of  the  abdominal  muscles  which  an 
now  called  into  contraction ;  whilst  the  ribs,  no  longer  sustained  by  the 
contraction  of  their  elevators,  are  drawn  down  again,  partly  by  the  eoBr 
traction  of  another  set  of  muscles,  and  partly  by  the  elasticity  of  their  owl 
cartilages;  so  that  the  thoracic  cavity  is  reduced  in  all  its  dimensiOBS, 
and  a  portion  of  the  air  contained  in  the  lungs  is  expelled  from  theni-4o 

1  It  is  stated  by  Mr.  Ramey  {loc.  eit,),  that  the  lung  of  the  Kangaroo,  and  erathit 
of  some  Rodcntin,  presents  a  condition  intermediate  between  that  of  Birds  and  tkit 
of  the  higher  Mammalia ;  the  air-cells,  in  the  parts  most  remote  ttom  the  mtuih 
being  very  small,  and  being  but  imperfectly  bounded  by  a  basement-membrane. 
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laced  hj  a  tresh  supply  drawn  in  by  a  repetition  of  the  inspiratory 
ent. 
315.  From  the  preceding  gkctdi  of  the  progressive  evokition  of  the 
splratory  system  in  the  animal  scale,  it  will  have  been  seen  that  the  in- 
rumental  character  of  the  respiratory  orgaug  is  everywhere  the  same,  how- 
er  different  their  external  form  ;  and  that  it  is  only  the  dispositioTi  of 
eir  part^  that  is  varied,  in  accordance  with  the  circumstances  in  which 
eir  fa  action  is  to  be  performed.     The  proprressive  specialization  of  the 
rictioa  has  been  traced  in  ascending  the  series,  by  marking-  the  evolation 
if  n  particular  appftratus  for  its  exercise,  and  the  reKtrictiou  of  it  to  that 
ipparatus;  in  no  instance  has  any  sudden  changre  in  character  been  wit- 
lessed,  bnt^  in  the  classes  adjoining^  those  in  which  a  new  organ  was  to  be 
troduced,  has  been  found  some  adumbration  of  it ;  yet  even  where  the 
nction  13  raosthig:hly  specialised,  the  general  BnrfQce  is  found  to  retain  in 
me  degree  its  participation  iu  it.     For  tlie  respiratory  action  is  not  con- 
ed to  the  Inn ^9,  even  in  animals  which  possess  them  in  their  most  de- 
loped  form.     The  blood  which  circulates  throngh  the  capillaries  of  the 
in  is  aerated  by  communication  with  the  atmosphere,  wherever  there  is  no 
pediment  offered  by  the  density  of  the  teg-umentary  coveriog.     In  Jkdra- 
ia,  especially  Frogs^  the  cutaneous  respiration  is  of  such  importance  to 
e  animal,  that,  if  impeded  by  covering  the  skin  with  oil  or  other  nnctnong 
hstance,  death  w411  take  place  almost  as  soon  as  if  the  lungs  were  removed; 
d  the  animal  may  be  supported  for  a  considerable  time  by  it  alone,  if  the 
mperature  be  not  too  high  (§  2n).     In  such  circumstances,  it  is  found 
at  carbonic  acid  is  generated  in  an  atmosphere  of  hydrogen,  as  by  put- 
lonary  respiration.     In  like  manner,  if  Birda  or  Mammalia  be  inclosed  iu 
k  ont  of  which  their  heads  protrude,  carbonic  acid  will  be  found  to 
flaee  a  portion  of  the  oxygen ;  and  a  like  result  has  been  obtained  by  the 
liar  inclosnre  of  a  limb  of  the  Human  body- 
El  6*  We  shall  now  briefly  trace  the  evolution  of  the  Respiratory  appa- 
ratus in  the  embryo  of  the  higher  Vertebrata ;  reserving,  as  before,  the 
account  of  the  earliest  changes  in  the  ovum  to  a  future  period  (Chap,  XL), 
atid  leaving  nntil  then  the  description  of  the  organs  which  are  peculiar  to 
"  e  ftetal  condition^  and  which  serve  only  to  assist  in  the  conversion  of  the 
intrfraeat  that  is  supplied  from  the  parent  system,  as  during  the  germination 
if  seeds.^ — At  about  the  third  day  of  the  development  of  the  Chick,  fonr 
lairs  of  clefts  or  transverse  slits  are  observable  behind  the  mouth,  in  the 
tnation  of  the  branchial  apertnres  of  Fishes;  and  at  the  same  time,  the 
uehial  vessels  are  developed  from  the  aorta,  as  already  described  (§  256). 
ne  of  the  apertures  is  intermediate  between  each  pair  of  vascular  arche8j 
at  as  in  the  ^lls  of  Fishes  and  Tadpoles.    Ko  branchial  tufts,  however,  are 
eveloped;  and  the  appearance  described  is  very  transitory,  the  vessels 
ging  their  direction  and  condition  within  *twa  days.     The  development 
\cl  gills  would  have  been  useless,  as  the  animal  is  not  destined  to  be 
time  an  inhabitant  of  water  like  the  tadpole,  but  has  the  aeration  of 
its  blood  provided  for,  until  the  time  of  the  perfect  evolution  of  its  respira- 
tory ayBtem,  by  an  apparatus  specially  evolved  for  the  purpose.     The  lung 
is  developed,  like  the  air-bladder  of  Fishes,  as  a  divrrit'cuium  or  process  from 
upper  part  of  the  alimentary  canal.     Soon  after  the  middle  of  the  third 
,y^  two  minute  wart-like  projections  are  seen  upon  the  tube,  which  are 
uud  to  be  hollow;  and  to  communicate  with  its  cavity.*     These  gradually 

The  account  io  the  text  is  givuD  on  the  authority  of  Von  Bacf.    I^Iany  subsequent 
t^  however,  ftgree  In  (iUititig  ilnki  the  bud-Uke  p3?wgeit#  ia  which  Ike  lungs  grigi- 
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increase  in  size;  and  the  channels  of  communication  become  elongated  into 
tabes.  A  little  later,  the  tubes  partly  coalesce  into  one,  and  enter  the 
pharynx  by  a  single  aperture.  This  is  what  we  observe  in  the  Proteas,  and, 
a»  in  that  animal,  the  sacs  are  still  simple  undivided  bags ;  alter  a  little  time, 
however,  they  send  out  prolongations  in  various  parts,  which  again  pnt  forth 
others,  so  that  the  cavity  becomes  gradually  more  complex.  The  larynx 
and  glottis  are  not  perfectly  formed  until  a  late  period. — The  history  of  the 
evolution  of  these  organs  in  Mammalia  is  precisely  analogous.  It  is  usually 
at  about  the  sixth  of  the  entire  period  of  uterine  gestation,  that  the  outline 
of  the  branchial  apparatus  is  seen,  as  marked  by  the  shortness  and  thkkness 
of  the  neck,  by  the  penetration  of  the  sides  of  the  pharynx  by  the  branchial 
clefts,  and  by  the  division  of  the  aorta  into  vessels  corresponding  in  number 
and  distribution  with  the  branchial  arteries  of  fishes.  These  general  features 
have  been  observed  in  the  embryos  of  most  orders  of  Mammalia,  not  ex- 
cepting man  himself;  and  they  are  probably  common  to  ^1.  A  few  days 
after  the  appearance  of  the  fifth  arch,  which  is  the  last  developed,  the  neck 
begins  to  elongate,  the  apertures  are  closed  gradually  on  the  outside,  while 
the  vascular  arches  undergo  those  changes  by  which  the  permanent  arterial 
trunks  arising  from  the  heart  are  formed  (§§  256 — 258).  The  lungs  in  Mam- 
malia are  developed  much  in  the  same  manner  as  in  Birds.  They  are  not 
discernible  before  the  period  when  the  branchial  apertures  begin  to  close; 
a  single  mass  is  first  perceived,  which  is  soon  divided  into  the  rudiments  of 
a  right  and  left  lung  by  a  longitudinal  groove ;  and  the  trachea  and  bronchi 
are  subsequently  developed,  as  in  Birds. 

317.  Scarcely  a  more  beautiful  illustration  could  be  adduced,  of  that 
Unity  of  Design  which  is  manifested  in  the  creation  of  different  classes  of 
animals,  than  this  hidden  but  not  obscured  correspondence.     Nor  is  the 
analogy  confined  to  Animals  alone ;  for  it  is  impossible  to  compare  the 
stages  of  the  evolution  of  the  perfect  respiratory  apparatus  in  the  higher 
forms  of  the  two  kingdoms,  without  being  struck  with  their  essential  co^ 
respondence.    In  the  Flowering  plant,  we  have  seen  a  temporary  respiratoiy 
organ,  the  cotyledon,  first  developed,  like  the  branchiae  of  a  tadpole;  uA 
disappearing  altogether,  when  the  evolution  of  the  permanent  aerating  ap- 
paratus renders  it  unnecessary.     And  just  as  the  system  which  is  the  per- 
manent one  of  the  lower  tribes  of  animals,  is  transiently  indicated  in  the 
early  development  of  the  higher,  so  will  it  hereafter  be  shown  (Chap.  XI.) 
that  the  foliaceous  expansions  of  the  inferior  stemless  Cryptogamia  are  to  be 
regarded  as  the  homologues  of  the  cotyledons  of  Flowering-plants,  whidi 
continue,  in  the  inferior  tribes,  to  perform  their  functions  during  the  wKde 
of  life,  like  the  gills  of  aquatic  animals.     That  which  has  been  said  of  the 
correspondence  of  the  essential  structure  of  the  Respiratory  apparatos, 
through  all  its  varieties  of  external  form,  will  apply  with  equal  truth  to  its 
function  also ;  for,  in  whatever  tribe  of  Animals  the  changes  composfaig  i 
have  been  investigated,  they  are  found  to  be  of  a  very  uniform  diaraeter* 
The  object  of  these  changes  appears  to  be,  in  all  instances,  the  liben^ 

nate,  is  not  hollow  but  solid;  being  produced  by  a  multiplication  of  cells  of  theextnMl 
layer  of  the  alimentary  canal,  into  which  its  external  tunic  is  not  proloDg«d.  Aoeofd- 
ing  to  tMs  view,  the  downwarid  extension  of  the  cellular  mass,  in  which  the  lungs  ori- 
ginate, is  the  consequence  of  the  progressive  multiplication  of  cells  in  that  dlrwtioat 
whilst  the  production  of  the  trachea  and  bronchial  tubes  is  the  consequence  of  theyiia* 
of  the  cells  in  particular  lines,  as  in  the  derelopment  of  the  great  ressels.  Viewed  is 
this  aspect,  the  absence  of  the  <*  ductus  pneumaticus,"  in  many  Fishes,  is  a  result  rather 
of  non-deyelopment  than  of  subsequent  obliteration;  and  such  would  certainly  seem  to 
be  by  far  the  most  probable  account  of  it. 
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'  of  carbonic  acid  from  the  blood,  the  replacement  of  it  by  oxygen,  and  the 
exchange  of  nitrogen  on  one  side  or  the  other.  It  will  be  more  convenient 
to  inquire  into  the  particular  character  of  these  changes,  in  the  distinct 
form  in  which  they  are  presented  to  us  in  the  higher  Animals,  before  pro- 
ceeding to  inyestigate  their  more  obscure  manifestations  in  the  inferior 
tribes.  These  changes  may  be  examined,  either  in  the  circulating  blood, 
or  in  the  air  to  which  it  has  been  exposed. 

818.  The  most  obvious  difference  between  the  Blood  brought  to  the 
lungs  for  aeration  after  passing  through  the  capillaries  of  the  system,  aud 
that  which  has  undergone  the  process — or,  in  short,  between  ''  venous" 
and  "  arterial"  blood — is  its  colour,  which  is  dark  purple  (sometimes  called 
black)  in  the  former,  and  bright  red  in  the  latter.  The  alteration  in  colour 
may  be  produced  by  agitating  venous  blood  with  oxygen,  or  even  by  ex- 
posing it  for  a  time  to  the  atmosphere ;  in  the  latter  case,  however,  only 
the  surface  acquires  the  arterial  tint.  The  bright  scarlet  colour  may  also 
be  given  by  the  admixture  of  neutral  salts ;  whilst  the  addition  of  acids 
renders  it  still  darker,  and  prevents  the  change.  It  has  been  supposed 
until  recently,  that  these  effects  are  due  to  a  chemical  change  produced  by 
these  agents  in  the  haematine  of  the  red  corpuscles.  But  such  would  not 
appear  to  be  the  case ;  for  when  the  haematine  has  been  separated  and  dif- 
fused through  water,  it  is  neither  darkened  by  carbonic  acid,  nor  brightened 
by  oxygen,  unless  some  corpuscles  be  floating  in  the  solution.  Moreover, 
it  is  found  that  the  action  even  of  distilled  water  will  darken  an  arterial 
clot.  Taking  all  these  circumstances  in  connection  with  the  facts  experi- 
mentally ascertained,  in  regard  to  the  changes  of  form  to  which  the  red 
corpuscles  are  liable  from  the  influence  of  reagents,  it  appears  probable 
that  the  immediate  effect  of  oxygen,  like  that  of  saline  solutions,  is  to  con- 
tract the  corpuscles  and  thicken  their  walls,  and  thus,  by  altering  their 
mode  of  reflecting  light,  to  make  them  appear  bright  red ;  whilst  carbonic 
acid,  like  water,  may  be  seen  to  occasion  a  dilatation  of  the  corpuscle,  and 
a  thinning  of  its  walls  (which  are  at  last  dissolved  by  it),  in  a  degree  that 
may  be  well  supposed  to  produce  the  darkening  of  the  mass  formed  by  the 
aggregation.*  In  what  state  of  combination  these  gases  exist  in  the  blood, 
or  whether  they  are  present  in  a  state  of  simple  solution,  has  not  yet  been 
clearly  determined.  When  venous  blood  is  placed  under  the  vacuum  of  an 
air-pump,  a  small  quantity  of  carbonic  acid  is  given  out ;  but  a  larger 
amount,  sometimes  one-sixth  of  the  whole  volume,  is  evolved  when  the 
blood  is  agitated  with  atmospheric  air,  hydrogen,  or  nitrogen.  Gas  may 
be  extracted  also  from  arterial  blood,  by  means  of  an  air-pump  capable  of 
producing  a  very  complete  vacuum;  and  this  is  found  to  consist  of  a  larger 
proportion  of  oxygen.  From  the  experiments  of  Magnus,  the  latest  and 
most  satisfactory  on  the  subject,  it  appears  that  the  Oxygen  in  arterial 
blood  amounts  to  about  one-half  of  the  quantity  of  Carbonic  acid  which  it 
contains,  but  that  in  venous  blood  it  is  only  about  one-fifth ;  for  whilst 
aboat  10  per  cent,  of  oxygen,  and  20  per  cent,  of  carbonic  acid,  may  be 
extracted  from  arterial  blood,  the  quantity  of  oxygen  removable  from 
vtffuncf  blood  is  diminished  to  5,  whilst  that  of  carbonic  acid  is  increased  to 
25.     The  relative  quantity  of  Nitrogen  is  extremely  variable. 

319.  The  changes  in  the  Air  which  has  been  respired,  are  capable  of 
being  examined  with  greater  accuracy.  They  may  be  considered  under 
four  heads :   1.  The  disappearance  of  Oxygen,  which  is  absorbed.     2.  The 

'  For  a  fill!  diseossion  of  this  subject,  see  Scherer^s  Reports  in  the  recent  volumes  of 
"  CaoBtatt's  Jahreaberichte,"  and  the  works  and  momoirs  to  which  ho  refers. 
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presence  of  Carbonic  acid,  which  has  been  exhaled.     3.  The  absorption  of 
Nitrogen.     4.  The  exhalation  of  Nitrogen.     It  was  formerly  sapposed 
that  the  Oxygen  which  disappears,  is  the  precise  equivalent  of  the  Carbonic 
acid  which  is  generated,  the  latter  gas  containing  its  own  balk  of  the  for- 
mer.   But  it  is  now  known  that  the  amount  of  Oxygen  which  disappears, 
is  usually  more  than  that  which  is  contained  in  the  Carbonic  acid  expelled, 
so  that  the  surplus  must  be  actually  absorbed  into  the  system.     The  amount 
of  this  surplus  yaries  in  such  proportion,  that  it  sometimes  exceeds  the 
third  part  of  the  carbonic  acid  formed,  and  is  sometimes  so  small  that  it 
may  be  disregarded — ^the  difference  depending,  not  only  on  the  constitution 
of  the  species,  but  on  the  comparative  degree  of  development,  and  more 
especially  on  the  nature  of  the  diet.     This  last  fact  has  been  established  bj 
the  very  careful  experiments  of  MM.  Regnault  and  Reiset,*  who  haye 
shown  that,  if  the  same  animals  be  fed  at  one  time  upon  flesh,  and  at 
another  upon  farinaceous  food,  the  quantity  of  oxygen  which  is  absorbed 
into  the  system  is  much  greater  in  the  former  case,  than  in  the  latter. 
Thus  it  would  seem  evident,  that  the  demand  for  oxygen  in  the  system  is 
partly  connected  with  the  metamorphoses  which  the  alimentary  materials 
undergo,  in  their  passage  through  the  body.     Of  the  nature  of  these  meta- 
morphoses, our  information  is  still  very  imperfect.     There  is  now  quite 
sufficient  evidence  to  prove  that  the  generation  of  carbonic  acid  is  not 
wholly  due,  as  was  formerly  supposed,  to  the  union  of  carbonaceous  matter 
brought  by  the  blood,  with  the  atmospheric  oxygen  introduced  into  the 
lungs ;  since  carbonic  acid  is  not  only  found  to  exist  in  venous  blood,  but 
in  the  products  of  the  respiration  of  gases  entirely  free  from  admixture 
with  oxygen.     Such  an  experiment  can  only  be  performed  on  animals, 
which  can  sustain  for  a  time  the  absence  of  the  stimulus  of  oxygen.    That 
Snails  confined  in  hydrogen  will  generate  carbonic  acid,  was  long  ago 
shown  by  Spallanzani ;  but  the  later  experiments  of  Edwards,  Mtiller,  &. 
upon  Frogs  are  more  satisfactory,  both  from  their  superior  accuracy,  and 
from  their  freedom  from  the  objection  which  might  be  raised  against  the 
others,  on  the  ground  of  the  low  place  of  their  subjects  in  the  animal  scale. 
It  appears  that,  when  confined  in  hydrogen,  frogs  will  give  out  carbome 
acid,  for  a  time  at  least,  as  rapidly  as  in  atmospheric  air;  and  that  the 
quantity  generated  in  nitrogen  is  not  much  inferior.     These  results  are 
evidently  conformable  to  the  principles  formerly  stated  (§  266)  as  regu- 
lating the  mutual  diffusion  of  gases.     Owing  to  its  energetic  reaction  with 
carbonic  acid  (occasioned  by  its  great  difference  in  specific  gravity),  hydro- 
gen removes  it  from  the  blood  with  greater  force  than  any  other  gas;  so 
that  venous  blood  will  give  off  carbonic  acid  when  exposed  to  an  atmo- 
sphere of  hydrogen,  even  after  it  has  been  submitted  to  the  exhausting 
power  of  a  vacuum.     It  is  obvious,  however,  that,  for  the  continaed  gene- 
ration of  carbonic  acid,  oxygen  must  be  supplied  from  without,  as  thefe  is 
no  superfluity  of  it  in  the  system.     The  following,  therefore,  appears  to  be 
the  history  of  the  changes  which  the  blood  ordinarily  undergoes  in  its  pas- 
sage through  the  body.     In  the  capillaries  of  the  lungs  it  becomes  chaiged 
with  oxygen,  which  it  carries  into  those  of  the  system;  in  the  course  of  the 
actions  which  there  occur  between  the  nutritious  fluid  and  the  textures  it 
supports  and  stimulates,  part  of  the  oxygen  disappears,  and  carbonic  add 
takes  its  place;  the  venous  blood,  therefore,  returns  to  the  lungs,  holding 
this  in  solution,  together  with  the  unabsorbed  oxygen ;  and,  in  the  capil- 
laries of  the  lungs,  the  former  gas  is  removed  by  the  atmosphere,  and 

»  "  Annales  de  Chimie,"  1849. 
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replaced  again  by  oxygen — ^the  interchange  being  entirely  in  accordance 
with  the  physical  principles  already  stated.^  From  recent  researches,  how- 
ever, it  woidd  seem  that  this  is  not  the  whole  truth ;  for  the  elimination  of 
the  liver-sngar*  (which  may  be  constantly  detected  in  the  blood  of  the 
hepatic  vein,  of  the  vena  cava,  and  of  the  pulmonary  artery),  during  the 
passage  of  the  blood  through  the  pulmonary  capillaries  (no  sugar  being 
ordinarily  discoverable  in  the  blood  of  the  pulmonary  vein  or  in  that  of  the 
systemic  arteries),  seems  to  show  that  a  combustive  process  must  take  place 
to  a  certain  extent  in  the  lungs  themselves,  as  was  long  ago  supposed. 

320.  With  regard  to  the  absorption  and  exhalation  of  Nitrogen,  it  ap- 
pears probable  that  both  these  processes  are  constantly  going  on,  but  that 
their  relative  activity  varies  in  different  species,  at  different  parts  of  the 
year,  and  under  different  circumstances.  It  appeared  from  the  experiments 
of  Dr.  Edwards,  that  an  increase  in  the  volume  of  nitrogen  in  the  respired 
air  takes  place  in  most  young  animals,  and  during  the  summer  months ;  but 
that,  in  the  autumn  and  winter,  there  is  a  considerable  absorption  when 
adult  animals  are  employed.  According  to  the  recent  experiments  of  MM. 
Begnanlt  and  Reiset  {op,  cit),  the  exhalation  of  nitrogen  is  more  common 
than  its  absorption ;  since  warm-blooded  animals  in  general,  when  subjected 
to  their  ordinary  regimen,  increase  the  amount  of  nitrogen  in  the  atmo- 
sphere, in  the  proportion  of  from  1  to  2  per  cent,  of  the  oxygen  consumed. 
Bat  when  food  is  withheld,  or  animals  are  fed  upon  a  diet  to  which  they 
are  unaccustomed,  an  absorption  of  nitrogen  takes  place;  and  this  was 
found  to  occur  to  a  considerable  extent  in  hybemating  Mammals,  whose 
prodaction  of  carbonic  acid  does  not  go  on  at  more  than  l-50th  of  the 
ordinary  rate;  so  that  their  absorption  of  oxygen  and  nitrogen  even 
exceeds  the  loss  of  carbon  and  that  sustained  by  perspiration,  and  the 
animal  actually  increases  in  weight,  without  taking  food,  until  it  voids  its 
excretions. 

321.  Animals  whose  respiration  is  aquatic  do  not  decompose  the  water 
they  breathe,  but  merely  abstract  the  oxygen  from  the  air  contained  in  it ; 
for  if  one  of  this  class  be  placed  in  a  limited  quantity  of  water,  from  which 
it  speedily  exhausts  the  air,  or  in  water  from  which  the  air  has  been  expelled 
by  boiling,  it  dies  almost  as  soon  as  would  an  animal  whose  respiration  is 
aerial,  when  placed  in  a  vacuum.  If,  however,  the  surface  of  the  water  be 
in  contact  with  the  atmosphere,  it  will  absorb  air  from  it;  and  the  life  of 
the  animal  will  be  longer,  the  more  fully  the  quantity  thus  obtained  compen- 
sates for  that  which  is  consumed.  When  a  Fish,  in  a  limited  quantity  of 
aerated  water,  has  reduced  the  proportion  of  air  until  its  respiration  has 
become  difficidt,  it  rises  to  the  surface,  and  takes  in  air  from  the  atmosphere ; 
and,  if  prevented  from  doing  so,  it  dies  much  sooner.     The  air  thus  taken 

I  Thii  view  of  the  fanotion  of  Respiration  was  giyen  in  a  paper  which  the  Author 
pnbliahMl  in  the  **  West  of  England  Journal"  in  1886,  as  that  which  best  accorded  with 
the  fteta  then  known.  It  has  been  fully  confirmed  by  subsequent  experiments,  espe- 
etaHy  those  of  Magnus ;  and  it  is  the  one  now  generally  received.  Notwithstanding 
that  the  proportions  between  the  oxygen  absorbed  and  the  carbonic  acid  exhaled  are 
BO  inconstant,  that  they  cannot  be  reconciled  with  the  numerical  ratio  of  1174  of  the 
former  to  1000  of  the  latter,  which  would  constantly  prevail  if  the  force  of  *<  mutual 
diffusion"  were  the  only  one  that  regulates  the  exchange,  yet  there  seems  to  the 
Author  no  adequate  reason  for  doubting  that  the  process  is  mainly  effected  by  the 
agmcy  of  that  force ;  the  minuter  variations  being  determined  by  other  conditions — in 
part,  not  improbably,  by  the  relative  amount  of  the  gases  existing  in  the  blood,  and  the 
tenacity  with  which  it  may  hold  them. 

'  The  important  discoveries  of  M.  CI.  Bernard  respecting  the  production  of  sugar  in 
the  liver  will  be  noticed  hereafter  ({  366). 
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in  probably  acts  upon  the  lining  membrane  of  the  inteatiflea ;  for,  after  \mn% 
expelled,  it  is  found  to  contain  a  large  proportion  of  carbonic  aeid. — The 
respiration  of  some  of  tlie  inferior  aquatic  tribes,  sucb  as  Crustacea,  Mol- 
Jusca,  and  Annelida^  has  been  examined  with  similar  resalta.  According 
to  the  researches  of  Humboldt  and  Gay  Lussoc,  the  air  contained  in  water 
is  richer  in  oxygen  than  that  of  the  atmosphere  ;  the  proportion  being  3i 
per  cent,  in  the  former,  and  but  21  in  the  latter, 

322,  The  respiration  of  Insects  has  been  made  the  subject  of  accurate 
research  by  Mr.  Newport;*  and  the  results  which  he  has  obtained,  corre- 
spond in  a  remarkable  manner  with  those  of  Dr.  Edwards's  experiments 
on  Vertebratcd  animals  under  different  conditions.  In  those  tribes  which 
undergo  a  complete  nietamorphosia,  the  proportion  of  air  coasumed  by  the 
larva  is  much  smaller  than  that  which  the  perfect  Insect  requires,  when  their 
relative  bulk  is  allowed  for,  and  their  condition  ig  the  same  as  to  rest  or 
activity.*  This  fact  is  evidently  aualogous  to  one  ascertained  by  Dr*  Ed- 
wards, that,  in  the  higher  onimals.y  greater  quantity  of  oxygen  is  required 
in  the  adult  state,  in  proportion  to  the  size  of  the  respiratory  apparatus, 
than  in  the  infant  condition.  Again,  many  larvae  can  support  a  degrc-e  of 
privation  of  oxygen,  which  would  be  fatal  to  the  perfect  Insect;  thus,  there 
are  aonie  which  inhabit  the  bodies  of  other  insects,  or  are  buried  deeply  in 
the  soil,  or  seek  their  subsistence  in  noxious  and  unacrated  plaeeSp  all  of 
which  situations  would  be  soon  destructive  to  life  in  their  advanced  condi* 
tion.  This,  too,  finds  its  parallel  in  the  history  of  the  Vertebratcd  classes; 
for  Br.  Edwards  found  that  puppies,  soon  after  birth,  will  recover  after 
submersion  in  water  for  54  minutes,  thus  bearing  the  privation  of  oxygen 
much  better  than  the  adult  animaU  The  amount  of  respiration  in  the  i>er* 
feet  Insect  depends  chiefly  upon  its  state  of  activity  or  excitement.  When 
its  movements  are  rapid  and  forcible,  the  aeratiou  of  the  tissues  must  be 
performed  to  a  greater  extent  than  when  it  is  at  rest ;  and  the  difference  is 
manifested,  as  well  bv  the  respiratory  motions,  as  by  the  amount  of  oxygen 
consumed.  Thus  the  number  of  respirations  in  an  Humble  Bee  {Bomhm 
terresirig),  while  m  a  state  of  excitement  soon  after  its  capture,  was  from 
110  to  120  in  a  miuute;  after  the  lapse  of  an  hour  they  had  sunk  to  5S,  and 
subsequently  to  46.  Moreover,  a  specimen  of  the  same  insect,  confined  in  a 
limited  quantity  of  air,  produced  m  one  hour  after  its  capture,  whilst  still 
in  a  state  of  great  activity,  about  1-Sd  of  a  cubic  inch  of  e&rbotiic  fteid| 
yet  during  the  whole  twenty-four  hours  of  the  succeeding  day,  the  asliQil 
evolved  a  quantity  absolutely  less.  The  amount  of  respiration  in  the  Fupa 
state  is  much  less  than  in  any  other  condition  of  the  insect,  which  will  readily 
Ijo  understood  when  its  complete  inactivity  is  remembered  ;  the  state  of  tbt 
animal  at  that  time  beings  comparable  (so  far  as  its  respiration  at  leait  ii 
concerned)  to  that  of  the  hybernation  of  warm-blooded  Vertebrata. 

333*  In  eold-bh&d^d  animals  in  general,  the  activity  of  respiratlcm  Ii 
increased  with  elevation  of  the  tera(>erature  of  the  surrounding  madiiia. 
This  baa  been  ahowti  in  a  very  striking  degree,  vni\k  regard  to  the  Amphibia, 
by  the  researches  of  Dr.  Edwards ;  who  found  that  when  Frogs  were  con- 
fined in  a  very  limited  quantity  of  water,  and  were  not  permitted  to  come 
tcj  the  surface  to  breathe,  the  duration  of  their  lives  was  inversely  pro|ior- 

I  **  Phitofl^bietl  Trfta&aelioni/*  1837. 

*  If  ft  liiTYJi  of  the  common  Butt(?rfly,  for  instaDcef  faai  ftrnTed  at  ita  ftatl  &it»  mx  tlit 
tim«  dt  making  tho  oh^rtation,  it  appears  tonsplre  id  &  givtn  time  nonvlkMi  lb«  p«ir* 
fi»ct  itiiwi ;  but  the  rosiiit  is  lUbte  to  tUis  falliicy— that  the  fortaer  i«  at  !e»s4  twi^Utii4i 
l&r|E;<^F  ihnn  the  IntU'F,  and  Ia  almost  alwfiyi  in  a  »Ute  of  activity,  wbllat  the  laUiT  ii 
fr«<iueiil1y  ia  i  i^tate  of  qiilea«eocfl. 


I 


I 


J 


NATURE  OF  BESPIBATOBY  ACTION.  847 

tional  to  the  degree  of  heat  of  the  fluid.  When  it  was  cooled  down  to  the 
freezing  point,  the  frogs  immersed  in  it  lived  from  367  to  498  minutes ;  at 
the  temperature  of  50^,  the  duration  of  their  lives  was  from  350  to  375 
minutes;  atJ2^,  from  90  to  35  minutes;  at  90^,  from  32  to  12  minutes; 
and  at  108^,  death  was  almost  instantaneous.  The  prolongation  of  life  at 
the  lower  temperature  is  not  due  to  torpidity ;  for  the  animals  perform  the 
functions  of  voluntary  motion,  and  enjoy  the  use  of  their  senses ;  but  it  is 
occasioned  by  the  retardation  of  their  rate  of  vital  activity,  which  occasions 
a  diminution  of  the  demand  for  air,  and  a  consequent  postponement  of  the 
results  of  suspension  of  the  supply.  On  the  other  hand,  the  elevation  of 
temperature  increases  the  demand  for  air,  by  augmenting  the  general  activity, 
alike  of  the  organic  and  of  the  animal  functions  ;  and  thus  renders  the  ces- 
sation of  respiration  more  speedily  fatal.  The  natural  habits  of  these  animals 
are  in  accordance  with  these  facts ;  and  the  results  of  experiments  on  Fishes 
and  on  the  hybemating  Mammalia  (which  are  reduced  for  a  time  to  the  state 
of  cold-blooded  animtds)  are  to  exactly  the  same  effeat.  It  is  curious  to 
observe  that  the  degree  of  heat  which  obliges  frogs  to  increase  their  respi- 
ration by  quitting  the  water  entirely,  causes  fishes  to  take  in  air  from  the 
garface,  as  may  be  frequently  witnessed  during  the  summer,  especially  in 
small  collections  of  water  (§  307).  The  amount  of  carbonic  acid  generated 
by  Insects,  also,  increases  with  the  surrounding  temperature,  other  things 
being  equal. — ^The  activity  of  respiration  in  tparm-blooded  animals,  on  the 
other  hand,  is  increased  by  a  depression  of  the  external  temperature.  Thus 
it  was  found  by  Letellier,  that  when  small  Birds  and  Mammals  were  inclosed 
in  limited  quantities  of  air,  the  quantity  of  carbonic  acid  produced  in  a 
given  time  was  in  close  accordance  with  the  difference  between  the  tem- 
peratnre  of  the  air  and  that  of  their  bodies.  The  following  were  the 
amoants  generated  in  an  hour  by  the  respective  animals  named,  at  the 
fireezing-point,  at  a  temperature  near  to  that  of  their  own  bodies,  and  at  an 
intermediate  grade : — 

Temp.  80O— 10«o.   Temp.  690— flS®.    Temp,  abont  320. 
Grammti.  Gntmmes.  Oramwut, 

ACaaary 0.129  0.250  0.325 

A  TurUe-doye 0.8G6  0.684  0.974 

Two  Mice 0.268  0.498  0.581 

A  Guinea-pig 1.453  2.080  8.00G 

Thus  it  would  appear  that  the  quantity  of  carbonic  acid  exhaled  by  Birds 
between  86^  and  106^  is  not  much  more  than  half  of  th&t  which  is  exhaled 
between  59^  and  68^ ;  and  is  only  about  two-ffths  of  that  which  is  given  off 
at  88^.  In  Mammals,  the  quantity  exhaled  at  86^—1060  is  about  half  that 
which  is  given  off  at  32^ It  is  easy  to  understand  the  meaning  of  this  dif- 
ference in  the  effect  of  external  temperature  upon  warm  and  cold  blooded 
anhnals,  when  viewed  in  its  relations  to  their  economy.  For  in  the  latter, 
the  increase  of  respiration  consequent  upon  the  elevation  of  temperature  is 
simply  an  exponent  (so  to  speak)  of  the  general  vital  activity  of  the  animal, 
which  heat  tends  to  augment.  But  in  the  former,  an  elevation  of  external 
temperatnre  decreases,  whilst  a  depression  increases,  the  demand  for  that 
internal  combustive  process,  by  which  the  standard  heat  of  the  body  is 
maintained  (Chap.  X.,  Sect.  3). 
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CHAPTER   VII. 

OF  THE  EXHALATION  OF  AQUEOUS  VAPOE. 

1.   General  Considerations. 

324.  As  all  the  alimentary  materials  taken  into  living  bodies,  for  the 
nutrition  of  their  solid  tissues,  are  in  a  fluid  form,  being  either  dissolved 
or  suspended  in  water,  it  is  evident  that  a  large  quantity  of  that  liquid 
must  be  superfluous^  and  that  means  must  be  provided  for  carrying  it  out 
of  the  system.  This  is  partly  accomplished,  in  Animals  more  especially,  hy 
its  combination  with  various  other  ingredients — ^which  have  eiUier  been 
introduced  in  greater  quantity  than  the  processes  of  nutrition  require,  or 
have  already  served  their  purpose  in  the  vital  economy — into  tne  Jluid 
excretions,  for  the  separation  and  deportation  of  which  various  amnge- 
ments  are  provided  (Chap.  IX.).  But  besides  the  means  thus  afforded  for 
the  diminution  of  the  superfluous  fluid  of  the  system,  we  find  that  the  exter- 
nal surface  has  this  function  peculiarly  imposed  upon  It,  and  that  the  dis- 
engagement of  nearly  pure  aqueous  vapor,  though  really  the  effect  of  simple 
evaporation,  is  principally  dependent  upon  a  special  arrangement,  by  wUeh 
its  liberation  from  the  circulating  fluid  is  facilitated.  This  is  most  evident 
in  Plants,  where  the  quantity  of  fluid  absorbs  bears  a  much  larger  propo^ 
tion  to  the  amount  of  the  solid  matter  contained  in  it,  than  it  does  in 
Animals ;  and  where,  from  the  little  opportunity  which  there  is  for  the  in- 
troduction of  superfluous  nutriment,  and  the  slight  tendency  to  decomposition 
in  the  solid  structures,  the  necessity  for  a  constant  excretion  of  other  ingre- 
dients unfit  to  be  retained  is  much  less. 

2.  Exhalation  in  Plants. 

825.  The  soft  and  succulent  tissues  of  Vegetables,  if  freely  exposed  to 
the  atmosphere,  would  soon  lose  so  much  of  their  fluid  as  to  be  inci^wble 
of  performing  their  functions ;  and  in  all  plants,  therefore,  which  are  sulgeci 
to  its  influence,  we  find  a  provision  for  restraining  such  injurious  desiccation. 
In  the  Alga,  however,  and  other  tribes  constantly  immersed  in  water,  orii 
a  very  moist  atmosphere,  no  such  loss  can  take  place  in  their  natoral  eon- 
dition,  and  no  means  are  required  to  prevent  it.  The  outer  layer  of  edb 
composing  their  integument,  differs  but  little  from  those  which  it  holds  to- 
gether, except  in  density ;  and  it  is  accordingly  found  that  such  plsatir 
when  exposed  to  a  dry  air,  speedily  desiccate.  All  but  the  simpleit 
Cellular  plants,  whose  natural  residence  is  the  air,  on  the  other  hand,  an 
covered  with  a  membrane  of  peculiar  character,  which  is  termed  the  offUb^ 

1  Notwithstanding  the  usage  of  many  distinguished  Botanists,  who  apply  the  desig- 
nation epidermis  to  this  membrane,  the  Author  has  preferred  retaining  the  term  "cutidei" 
not  only  as  being  the  one  in  common  use  in  this  country,  but  likewise  m  being  thi 
more  appropriate.  For  by  the  term  qndermie  is  implied,  a  membrane  lying  t^Mii  thi 
dermis  or  skin  ;  and  therefore  it  can  only  be  appropriately  employed  to  designate  thi 
external  pellicle  presently  to  be  described. 
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(Fig.  155,  Oj  b).    This  is  composed  of  cellular  tisanCp  the  Tesiclcs  of  whicb 

are  flattened,  and  arranjred  with  great  regularity,  in  close  contact  with  eacL 
other  ;  and  tliey  tlifer  from  those  of  the  parenchyma  beneath,  not  only  in 
form,  but  also  iu  tl»e  nature  of  their  contents.  Tlic  form  of  these  vesicles 
is  different  in  almost  every  tribe  of  plants;  thus  in  the  cuticle  of  the  Iris 
and  of  many  other  Monocotyledons^  they  are  elongated,  and  possess  straight 
walls  and    rejirular  an* 

gles  ;  whilst  in  that  of  Fig.  155, 

the  Apple  and  Lil^  (Fig. 
156)  their  bonndariea 
have  a  a  in  nous  character 
The  cells  of  the  cuticle 
are  El  led  with  a  color- 
less fluid  [  and  their  walls 
are  generally  thickened 
by  seeoiidary  deposit,  es- 
pecially  on  the  side  near- 
est the  atmosphere ;  this 
deposit  is  usually  of  a 
waxy  nature,  and  con- 
sequently renders  the 
membrane  very  imper- 
tneffble  to  licjuids.  In 
most  European  plants, 
the  cuticle  contains  but 
a  single  row  of  cells, 
which  are  moreover  thin- 
sided  ;  whikt  in  tlje  ge- 
nerality of  tropical  spe- 
cies, there  exist  two, 
or  three,  or  even  four  layers  of  thick-sided  cells,  as  in  the  Oleander, 
the  cuticle  of  which,  when  separated^  has  an  almost  leathery  toughness. 
This  diffiereuce  in  conformation  m  obviously  adapted  to  their  respective 
conditions  of  growth ;  since  the  cuticle  of  a  plant  indigenous  to  temperate 
climates  would  not  afford  a  suf- 
ficient protection  to  the  inte-  Fig.  156. 
ri  or  structure,  o  gainst  the  ray  a 
of  ft  tropical  sun ;  whilst  the 
diminished  heat  of  this  coun- 
try would  scarcely  overcome 
the  resistance  afforded  by  the 
dense  and  non-conducting  teg- 
mnent  of  a  species  formed  to 
ejost  in  warmer  latitudes.^ — 
Exteraiilly  to  this  membrane, 
theT«  usually  exists  a  ver}*  deli- 
eate  transparent  pellicle,  with- 
onl  any  decided  traces  of  or- 
fftttixation.  though  occasionally 
someirhat  granular  in  appcar- 

tjsee,    and    marked    by    lines       ,^  ^     _,       *.i.  ,    ,  *.  r  *- 
Which  seem  to  bo  the  impres-    ^^^j^  ^f  ,|,^  ^^jj^j^ .  ^  ^^  «n,miiu ;  *  e,  ci-n^  of  tbc 

liOOB    of   the   junction    of    the     parenohynm  in  contiict  wirU  the  cuticle. 


Vertical  Section  of  tbe  Le^f  of  Lilttm  aihum  ;  a,  eelh  of 
the  tipper  cyiiclo  }  h,  cbUi  of  tb*  under  ealicl«f  c,  dt  flelli  of 
th«  iiurcnchyttia ;  e  e,  itatnutA, 
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cells  with  which  it  was  in  contact.  This  membrane,  the  proper  epidermit, 
is  obviously  formed  by  the  agency  of  the  cells  of  the  cuticle ;  and  is  either  a 
secretion  from  their  exterior  (as  maintained  by  Schleiden,  Payen,  and 
others),  analogous  to  that  which  forms  a  thick  gelatinous  layer  on  the 
surface  of  the  Algss,  and  which  elsewhere  constitutes  the  ''intercellular  sub- 
stance ;"  or  itself  consists  of  the  external  layers  of  the  thickened  walls  of 
the  cuticular  cells,  which  have  coalesced  with  each  other,  and  which  become 
detached  from  the  subjacent  layers  by  maceration  (as  affirmed  by  Mohl  and 
Henfrey). 

326.  In  the  Cuticle  of  most  Plants  which  possess  such  a  structure  dis- 
tinctly formed,  there  exist  minute  openings  termed  Stomata  (Fig.  155, «,  e), 
which  are  bordered  by  cellules .  of  a  peculiar  form,  distinct  from  those  of 
the  cuticle,  and  more  resembling  in  character  those  of  the  tissue  beneath. 
These  boundary  cells  are  usually  in  pairs,  somewhat  kidney-shaped  (Fig. 
156,  by  b),  with  an  oval  opening  between  them ;  but,  by  an  alteration  in 
their  form,  the  opening  may  be  contracted  or  completely  closed.  They  are 
sometimes  more  numerous,  howcTcr,  and  the  opening  angular;  and  in  the 
curious  Marchantia  polymorpha,  their  structure  is  extremely  complicated. 
The  openings  in  the  cuticle  of  this  plant  (Fig.  157,  a,  b,  b)  are  surrounded 

Fig.  167. 


A,  Portion  of  folinceous  expansion  of  Marchantia  polttmorpha,  seen  from  above :  a  a,  lotengf- 
Bhaped  divisions;  bh,  stomata  situated  in  the  centre  of  the  losenget;  ee,  greenish  buidsBept- 
rating  the  lozenges ; — b,  vertical  section  of  the  foliaeeous  expansion,  showing  a  a,  parenehjaa* 
tons  cellular  tissue,  forming  the  floor  of  the  cavity;  6  6,  superficial  layer,  eoveriog  it  tht 
cavity ;  e  e,  cellular  tisMie  forming  the  walls  of  the  cavity ;  d^  air->cavity  partly  oocupied  by  loosi 
cells//;  g^  stoma  divided  perpendicularly;  A,  layers  of  cells  forming  ita  waU;  t,  eeUa  foraiaf 
the  obturator  ring. 

by  five  or  six  rings  placed  one  below  the  other,  so  as  to  form  a  kind  of 
funnel  or  chimney,  each  ring  being  composed  of  four  or  five  cellules  (b,  A). 
The  lowest  of  these  rings  (t)  appears  to  regulate  the  aperture,  by  the  cos- 
traction  or  expansion  of  the  cells  which  compose  it.  Wherever  stomiti 
exist  in  the  cuticle,  they  are  always  found  to  open  into  cavities  in  the  tiMie 
beneath,  which  are  thus  brought  into  immediate  relation  with  the  eztenal 
air.  In  the  Marchantia,  these  chambers  arc  very  large,  and  are  sorroundel 
by  regular  walls  (c,  c) ;  whilst  in  the  leaves  of  higher  plants  they  eiirt 
simply  as  intercellular  spaces,  left  by  the  deficiency  of  the  tissue.  Stomiti 
do  not  exist  where  there  is  no  regular  cuticle ;  and  they  are  consequentlj 
not  found  upon  the  lower  Cellular  plants,  and  but  very  rarely  on  Mosses,  li 
which  group  they  seem  to  be  restricted  to  the  capsules  or  "urns,"  and  to 
their  "setae"  or  footstalks,  on  which  parts  the  cuticle  is  more  distinct  froa 
the  subjacent  tissue  than  it  is  elsewhere.  They  are  ^ot  formed  upon  the 
cuticle  of  any  plants  growing  in  darkness,  nor  upon  the  roots,  nor  the  zibi 
of  leaves;  but  they  exist  in  general  on  all  foliaeeous  expansions,  and  on 
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herbaceous  stems,  especially  on  those  of  which  the  surface  performs  the 
functions  of  leaves,  as  in  the  Cactea.  They  are  most  abundant  on  the 
under  surface  of  leaves,  except  when  these  float  on  water,  and  then  they 
are  found  on  the  upper  side  alone;  but  they  exist  equally  on  both  surfaces 
of  erect  leaves,  as  in  the  Lily  tribe  and  Grasses.  It  has  been  estimated 
that  no  fewer  than  160,900  are  contained  in  every  square  inch  of  the  under 
surface  of  the  leaves  of  Hydrangea^  and  of  many  other  plants;  and  the 
greatest  number  seems  to  present  itself  in  species,  the  upper  surface  of 
whose  leaves  is  absolutely  destitute  of  these  organs.  As  a  general  fact, 
they  are  least  abundant  on  succulent  plants  whose  moisture  is  to  be  retained 
in  the  system ;  and  they  are  frequently  so  imperfectly  formed,  as  not  to  have 
any  tendency  to  open,  especially  on  the  leaves  of  those  adapted  to  exist  in 
hot  and  dry  situations.  In  all  instances  in  which  perforations  exist,  the 
tissue  beneath  is  very  loosely  arranged,  and  contains  many  intercellular 
spaces;  in  the  greater  number  of  leaves,  therefore,  the  most  closely-packed 
cells  will  be  found  on  the  upper  side  (Fig.  155,  e),  whilst  the  parenchyma 
of  the  lower  part  {d)  only  comes  into  contact  with  the  cuticle  at  intervals 
(Fig.  156,  Cf  c);  and  it  is  to  this  arrangement,  that  the  darker  hue  gene- 
rally possessed  by  the  superior  surface,  is  principally  due.  If  a  leaf  be 
placed  in  water,  and  the  pressure  of  the  air  above  be  taken  off,  a  number  of 
minute  globules  will  be  seen  to  escape  from  these  cavities,  and  to  stud  its 
exterior  with  brilliant  points. 

827.  The  loss  of  fluid  from  the  surface  of  Plants  may  take  place,  as  has 
been  said,  by  ordinary  Evaporation,  or  by  proper  Exhalation.  The  quan- 
tity of  the  former  will  be  regulated  by  the  degree  of  moisture  in  the  tissue 
exposed  to  the  atmosphere,  and  by  the  compactness  of  its  arrangement. 
Thus,  although  the  simpler  terrestrial  cellular  plants,  such  as  Lichens,  have 
no  true  cuticle  distinct  from  the  subjacent  tissue,  their  external  layer  of 
cellB  is  generally  of  so  dense  a  consistence,  as  to  be  almost  impervious  to 
water ;  so  that  their  moisture  is  very  slowly  evaporated.  The  process  is 
one  quite  independent  of  vitality,  and  is,  indeed,  the  means  by  which  dead 
plants  are  dried  up,  and  by  which  the  gradual  loss  of  weight  takes  place 
from  fruits,  tubers,  &c.,  that  undergo  no  other  alteration.  It  will,  there- 
fore, be  influenced  by  those  obvious  external  causes,  under  the  control  of 
which  the  process  is  universally  performed ;  namely,  variations  in  tempera- 
tore,  and  in  the  humidity  of  the  surrounding  medium. — Exhalation,  on  the 
other  hand,  is  a  change  which  only  continues  during  the  life  of  the  plant,  and 
appears  to  be  more  closely  connected  with  the  performance  of  its  other 
Tital  functions.  If  a  piece  of  glass  be  held  near  the  upper  surface  of  a 
▼ine-Ieaf  in  full  growth  in  a  hothouse,  it  is  scarcely  dimmed  after  some 
time ;  but  if  in  proximity  with  the  lower  surface  of  the  same  leaf,  it  is 
speedily  bedewed  with  moisture,  which  in  a  short  time  accumulates  so  as 
to  form  drops.  This  rapid  transpiration  of  fluid  appears  to  take  place 
through  the  stomata,  as  it  is  now  satisfactorily  proved  that  it  bears  a  strict 
relation  (other  things  being  equal)  with  the  number  of  stomata  on  the  plant, 
or  on  the  particular  part  of  it  made  the  subject  of  examination.  '  Various 
experiments  have  been  made  at  different  times,  with  the  view  of  ascertain- 
ing the  quantity  of  water  thus  transpired  from  different  plants,  and  the  cir- 
comstances  most  favorable  to  the  process.  With  regard  to  quantity,  the 
reanks  obtained  by  Dr.  Woodward^  are  among  the  most  worthy  of  atten- 
tion, although  probably  the  earliest  on  record.  Four  plants  of  Spearmint 
were  placed  with  their  roots  in  water,  and  in  a  situation  fully  accessible  to 

>  **  Philosophical  Transactions,"  1699. 
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light,  during  56  days  (from  June  2  to  Jaly  28) ;  and  the  following  tahle 
exhibits  the  quantity  of  water  which  each  plant  absorbed  (proper  allowance 
being  made  for  the  evaporation  from  the  surface  of  the  floid),  and  its  in- 
crease in  weight  at  the  end  of  the  experiment.  The  difference  must  of 
course  be  the  quantity  exhaled,  and  would  scarcely  express  the  whole  amount 
of  it,  as  part  of  the  increase  in  weight  would  be  due  to  the  fixation  of  car- 
bon from  the  atmosphere. 


Original  Weight 
No.  1.         127  grs. 
No.  2.         110  grs. 
No.  8.          74  grs. 
No.  4.          92  grs. 

Gain. 
128  grs. 
139  grs. 
168  grs. 
284  grs. 

Water  expended. 
14,190  grs. 
13,140  grs. 
10,781  grs. 
14,950  ^8. 

53,011  grs. 

Difference. 
14,002  grs. 
18,001  grs. 
10,5C3  grs. 
14,006  ^. 

52,292  grs. 

The  water,  in  which 
Nos.   3  and   4  were 
placed,  had  a   little 
earth  at  the  bottom. 

Total    403  grs. 

719  grs. 

These  experiments  afford  satisfactory  evidence  of  the  very  large  proportion 
of  the  absorbed  fluid  which  is  given  out  again  by  transpiration;  and, 
joined  with  others  by  the  same  individual,  they  show  thafc  the  actlTity  iA 
this  function  is  much  greater  in  summer  than  in  the  autumn. — ^A  valaable 
series  of  experiments,  communicated  by  Guettard  to  the  Academie  Boyale 
in  1740,  confirms  this  conclusion.  He  stated  that  transpiration  is  so 
much  less  active  during  the  winter,  than  at  other  parts  of  the  year, 
even  in  evergreens,  that  a  Laurel  parts  with  as  much  fluid  in  two  days  of 
summer,  as  during  two  months  in  winter.  He  also  maintained  that  trans- 
piration goes  on  much  more  rapidly  under  the  influence  of  light  and  a 
moderate  degree  of  heat,  than  at  a  high  temperature  but  withoat  light— 
The  experiments  related  by  Hales  in  his  essays  on  "  Vegetable  Statics" 
will  ever  remain,  like  those  which  he  performed  on  the  Animal  Circalation, 
a  monument  of  his  skill  and  perseverance.  The  results  which  he  obtained 
from  the  accurate  observation  of  a  specimen  of  ffelianthus  annuvs  (San- 
flower)  during  15  days,  are  those  most  frequently  quoted  by  socceeding 
authors  ;  but  there  are  many  others  scarcely  less  interesting.  This  plant 
was  3^  feet  high,  weighed  3  lbs.,  and  the  surface  of  its  leaves  was  estimated 
at  5616  square  inches.  The  mean  transpiration  during  the  whole  period 
was  found  to  be  20  oz.  per  day ;  but  on  one  warm  dry  day  it  was  as  much  as 
30  oz.  During  a  dry  warm  night,  the  plant  lost  3  oz. ;  when  the  dew  was 
sensible,  though  sliglit,  it  neither  lost  nor  gained  ;  and  by  heavy  rain  or 
dew  it  gained  2  or  3  oz. — The  following  table  shows  the  results  of  similar 
experiments  on  other  plants. 

Subject  Surfkce.  Mean  Transpiration.  Greatest  Tranvpixmthm.  Depth. 

Cabbage  .  .  2736  sq.  in.  19  oz.  25  oi.  J^ 

Vino  .  .  1820  sq.  in.  5 J  ox.  OJoi.  ^^^ 

Apple  .  .  1589  sq.  in.  9   oz.  15  oi.  y|y 

Lemon  .  .  2557  sq.  in.  0  oz.  8  oz.  »i« 

Plaintain  .  .  2024  sq.  in.  5  oz.  11}  oz.  yf. 

The  last  column  shows  the  mean  quantity  of  water  transpired  from  equal 
areas  in  the  different  plants  (its  depth  being  stated  in  parts  of  an  inch) 
for  the  sake  of  ready  comparison.  That  of  the  Sunflower  wonld  be 
l-165th  ;  and  is  shown,  therefore,  to  be  less  than  half  that  of  the  Cabbage. 
The  lemon  may  be  remarked  to  have  exhaled  far  less  than  any  of  the 
others ;  and  the  same  observation  seems  true  with  regard  to  evergreens  ia 

general An  experiment  performed  by  Bishop  Watson,  will  assist  ia 

giving  an  idea  of  the  extraordinary  amount  of  change  effected  by  this 
function  in  Plants.     He  placed  an  inverted  glass  vessel,  of  the  capadtf 
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of  20  cubic  inches,  on  grass  which  had  been  cut  during  a  very  intense 
heat  of  the  sun,  and  after  many  weeks  had  passed  without  rain ;  in  two 
minutes  it  was  filled  with  vapor,  which  trickled  in  drops  down  its  sides. 
He  collected  these  drops  on  a  piece  of  muslin,  which  he  carefully  weighed; 
and,  repeating  the  experiment  for  several  days  between  twelve  and  three 
o'clock,  he  estimated,  as  the  result  of  these  inquiries,  that  an  acre  of  grass 
land  transpires  in  24  hours,  not  less  than  6400  quarts  of  water.  This  is 
probably,  however,  an  exaggerated  statement ;  as  the  amount  transpired 
during  the  period  of  the  day  in  which  the  experiment  was  tried,  is  far 
greater  than  at  any  other. 

828.  The  water  exhaled  is  very  nearly  pure,  so  that  what  is  furnished 
by  different  species  varies  but  little  in  taste  or  odor.  Duhamel  remarked, 
however,  that  fluid  thus  obtained  sooner  becomes  foul  than  ordinary  water. 
Senebier  analyzed  the  liquid  which  he  had  collected  from  the  exhalation 
of  a  vine  at  the  commencement  of  the  summer,  and  found  that  40  oz. 
contained  scarcely  2  grains  of  solid  matter ;  and  in  a  similar  experiment 
on  fluid  collected  at  the  end  of  the  summer,  105  oz.  gave  but  little  more 
than  2  grains,  or  about  1-25,000  part  of  solid  matter.  This  minute  im- 
pregnation does  not  indicate  that  any  vital  process  of  secretion  is  concerned 
in  the  process ;  since  it  is  well  known  that  the  vapor  of  all  water  carries 
with  it  a  small  proportion  of  whatever  substance  the  liquid  may  have  held 
in  solution. 

329.  All  experiments  point  to  the  conclusion,  that  Light  has  a  most 
important  influence  on  the  function  of  Exhalation.  Thus  it  was  shown 
by  Senebier,  that  if  Plants  in  which  the  process  is  being  vigorously  per- 
formed, be  carried  into  a  darkened  room,  the  exhalation  is  immediately 
stopped  ;  and  that  the  absorption  by  the  roots  is  checked  almost  as  com- 
pletely as  if  the  plant  had  been  stripped  of  its  leaves.  Again,  from  the 
esperiments  of  Dr.  Daubeny,*  it  appears  that  exhalation  is  stimulated 
by  the  colored  rays  of  the  solar  spectrum  in  proportion  to  their  tliiimi' 
noHng  not  to  their  heating  power,  these  two  being  separated  by  the  prism ; 
and  Dr.  D.  further  states  that  exhalation  is  not  promoted  by  the  most  in- 
tense degree  of  artificial  lijrht,  in  which  he  contradicts  the  opinion  ex- 
pressed by  DecandoUe.  Still,  it  is  certain  that  heat  also,  especially  when 
combined  with  dryness  of  the  atmosphere,  has  a  greater  effect  upon  the 
loss  of  fluid  than  light  alone.  It  would  not  seem  improbable,  then,  that 
the  effect  of  Light  is  confined  to  the  opening  of  the  stomata,  which  it  is 
believed  to  effect ;  and  that  the  large  quantity  of  fluid  discharged  from 
them,  may  be  due  to  simple  evaporation  from  the  extensive  surface  of 
snccnlent  and  delicate  tissue  which  is  thus  brought  into  relation  with  the 
air,  and  to  the  constant  supply  of  fluid  from  within  by  which  it  is  main- 
tained in  a  moist  condition. — If  plants  are  exposed  to  a  light  of  too  great 
intensity,  especially  if  they  are  not  at  the  same  time  well  supplied  with 
water,  their  tissue  becomes  dried  up  by  the  increased  exhalation  which 
then  takes  place,  and  which  is  not  sufficiently  counterbalanced  by  absorp- 
tion so  that  their  vegetation  is  materially  checked ; — a  fact  of  which  we 
see  abundant  evidence  in  dry  sandy  soils  and  exposed  situations.  If,  on 
the  contrary,  the  leaves  are  shaded,  and  the  roots  take  up  much  moisture, 
the  growth  of  the  plant  is  active  and  luxuriant,  but  its  tissue  is  soft ; — an 
effect  partly  owing  to  the  retention  of  fluid,  and  partly  to  the  diminution 
of  the  quantity  of  carbon  fixed  from  the  atmosphere.  If  a  plant  be  kept 
for  some  time  in  total  darkness,  so  that  it  becomes  etiolated,  its  texture 
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23 


354  OF  THE  EXHALATION  OF  AQUEOUS  VAPOR. 

is  soft  and  sncculent,  and  its  tissue  is  distended  with  tbe  moistare  it  has 
absorbed,  and  with  which  it  cannot  part ;  and  if  this  state  be  allowed  to 
continue  too  long,  the  leaves  disarticulate  and  drop  off,  and  the  plant  dies 
of  dropsy.  Succulent  plants  naturally  require  most  light  to  secure  for 
them  a  regular  discharge  of  moisture  ;  and  there  are  some  of  this  charac- 
ter which  possess  so  few  stomata,  that  they  may  be  preserved  out  of  the 
ground  for  many  days  and  even  weeks,  without  perisliing  from  want  of 
moisture.  The  thickness  of  their  cuticle  and  their  deficiency  of  stomaU 
render  it  very  difficult  to  dry  them,  even  with  the  aid  of  heat;  and  it 
sometimes  happens  that  sedums  and  other  such  plants  push  considerable 
shoots,  when  placed  under  pressure  whilst  being  prepared  for  the  Her- 
barium. 

330.  The  quantity  of  fluid  lost  by  Exhalation,  though  ultimately  de- 
pendent upon  the  degree  of  moisture  supplied  to  the  roots,  does  not  ap- 
pear to  be  increased  by  the  propellent  force  of  the  sap ;  and  this»  observes 
the  sagacious  Hales,  ''  holds  true  in  animals,  for  the  perspiration  in  them 
is  not  always  greatest  in  the  greatest  force  of  the  blood  ;  but  then  often 
least  of  all,  as  in  fevers."  On  the  contrary,  it  is  chiefly  by  the  activity 
of  Exhalation,  that  the  amount  of  fluid  absorbed  is  determined ;  jost  as 
the  rate  of  ascent  of  oil  in  the  wick  of  a  lamp  is  dependent  on  the  rapidity 
of  combustion  at  its  summit.  Plants  which  exhale  largely,  therefore,  most 
also  absorb  largely ;  and  thus  they  are  enabled  to  take  in  and  to  appro- 
priate, in  considerable  quantity,  whatever  nutrient  materials  the  soil  may 
contain.  Such  plants,  moreover,  have  usually  a  great  extent  of  green 
surface,  by  which  they  can  obtain  a  large  additional  supply  of  carbon 
from  the  atmosphere ;  and  thus  their  vegetative  functions  are  performed 
with  great  activity,  and  they  rapidly  add  to  their  growing  parts.  On  the 
other  hand,  the  plants  which  exhale  slowly,  absorb  but  little  from  the 
soil ;  and  their  fixation  of  carbon  from  the  atmosphere  is  osoally  pe^ 
formed  by  a  comparatively  small  surface,  and  at  a  comparatively  ^ow 
rate ;  so  that  their  whole  vital  activity  is  very  inferior,  and  the  amount  of 
solid  tissue  added  to  the  fabric  in  a  given  time  is  far  less.  This  is  the 
case  especially  with  succulent  plants,  whose  soft  and  pulpj  tissues  are 
inclosed  in  a  cuticle  of  peculiar  density,  that  prevents  the  evaporation  of 
their  fluids  ;  and  whose  life  may  be  said  to  be  remarkably  slow.  It  is  the 
case,  also,  to  a  certain  degree,  with  most  Evergreens ;  whose  exhalatios 
is  slow,  although  their  leaf-surface  may  be  large,  so  that  they  fix  a  greit 
quantity  of  carbon  from  the  atmosphere ;  and  it  seems  to  be  from  this 
peculiarity,  that  their  leaves  possess  a  remarkable  degree  of  firmness  of 
texture,  whilst  they  have  a  much  longer  duration  of  life  than  those  of 
deciduous  trees. — ^That  by  regulating  the  rate  of  Exhalation,  through  the 
influence  of  light  and  heat,  we  can  affect  the  rate  of  vttcU  adiviijf,  SDcl 
consequently  the  duration  of  life  (§  336),  appears  from  the  well-known 
fact,  that  the  freshness  of  a  bouquet  of  flowers  may  be  preserved  for  msiij 
days  longer  than  usual,  by  keeping  them  in  the  dark. 

3.  Exhalation  in  Animals, 

331.  The  loss  of  fluid  which  is  constantly  taking  place  Arom  the  siff* 
face  of  all  animals  inhabiting  the  air,  or  at  least  from  some  part  of  it,  iP* 
pears  due,  like  the  exhalation  of  plants,  partly  to  its  physical,  and  paiuf 
to  its  vital  conditions.  There  can  be  no  doubt  that  from  all  soft  noiit 
surfaces,  evaporation  will  take  place  in  a  warm  and  dry  atmosphere ;  vA 
the  quantity  of  fluid  lost  in  this  manner  will  be  in  strict  relation  with  the 
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Fig.  158. 


temperatare  of  the  sarroanding  medium,  and  the  rapidity  with  which  this 
mediam  passes  over  the  evaporating  surface.  The  process  will  of  course 
be  impeded  bj  a  humid  state  of  the  atmosphere,  and  entirely  checked  by 
contact  of  water,  whether  warm  or  cold,  with  the  part  which  j)reviously 
permitt€d  it. — ^But  there  is  another  process  by  which  fluid  is  exhaled  from 
the  surface,  and  which  is  more  closely  con- 
nected with  the  vital  actions  of  the  econo- 
my;  this  is  the  transudation  from  the  blood. 
of  a  watery  fluid,  osually  containing  a  small 
quantity  of  saline  and  animal  matter  in  so- 
lution, through  the  instrumentality  of  a  set 
of  minute  glfuids  imbedded  in  the  substance 
of  the  cutis  or  true  skin.  Each  of  these 
little  bodies  consists  of  a  convoluted  tube, 
in  the  neighborhood  of  which  the  blood- 
Tessels  ramify  minutely ;  this  tube  is  con- 
tinued to  the  surface  of  the  skin  as  an 
excretory  duct  (Fig.  158),  traversing  the 
remaining  thickness  of  the  cutis  and  epi- 
dermis in  a  spiral  manner,  and  opening  by 
a  very  minute  pore  on  the  exterior  of  the 
latter,  passing  through  it  so  obliquely  that 
a  kind  of  valve  is  formed  by  the  membrane 
orer  its  orifice.  When  the  transudation  of 
tbe  sweat  or  "sensible  perspiration"  is  ob- 
Bored  with  a  glass,  as  it  occurs  on  the 
palms  of  the  hands  or  the  tips  of  the  fingers, 
the  first  drop  from  each  pore  will  be  seen 
to  be  preceded  by  an  elevation  of  this  little 
yalve.  The  ducts  are  visible  in  the  form 
of  delicate  fibres  passing  from  the  cutis  to 
die  epidermis,  when  the  latter  is  torn  off. 

882.  The  special  object  of  the  disengage- 
ment of  fluid  in  the  form  of  vapor,  from 
the  surface  of  the  bodies  of  Animals,  ap- 
pears to  be  the  reduction  of  the  tempera- 
ture. Animals  which  inhabit  the  water 
bare  no  need  of  any  special  provision  for 
keeping  down  the  temperature  of  their 
bodies  within  a  certain  limit;  since  the 
rapidly-conducting  power  of  the  medium  is 
suAcient  to  reduce  any  superfluous  amount 
of  caloric  which  may  be  generated.  The 
tenants  of  the  deep,  indeed,  have  very  little 
power  of  maintaining  a  temperature  above 
it,  unless  they  are  provided,  like  the  Whale 
tribe,  with  a  layer  of  non-conducting  fat, 
or,  like  diving  Birds,  with  a  downy  cover- 
ing possessed  of  a  similar  property.  More- 
over, the  yicissitudps  of  temperature  in 
large  collections  of  water  are  never  great, 

so  that  there  is  no  demand  from  this  source  for  a  means  of  regulating  the 
temperature  of  the  individual  inhabitants.  But  an  Animal  living  upon  the 
suifkce  of  tbe  earth,  exposed  to  constant  and  extensive  atmospheric  changes, 


Sudoriferous  gland  from  the  p.iliu 
of  the  Human  hand: — 1,  1,  coDVolat- 
ed  tubes,  compobiDg  the  gland,  and 
forming  two  excretory  ducts,  2  2. 
which  unite  into  one  spiral  canal, 
that  perforates  the  epidermis  at  3, 
and  opens  on  its  surface  at  4;  the 
gland  is  imbedded  in  fat-vesicles, 
which  are  seen  at  5,  5. 
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and  deprived  of  the  power  of  rapidly  parting  with  its  heat,  when  super- 
fluous, by  mere  contact  with  a  conducting  medium,  has  need  of  some  special 
means,  not  only  of  generating  caloric,  but  also  of  getting  quit  of  it.  The 
former  will  be  hereafter  described  in  detail  (Chap.  X.) ;  the  latter  is  simply 
effected  by  the  watery  transudation  from  the  surface,  which,  being  poured 
out  of  the  perspiratory  ducts  in  a  fluid  form,  and  carried  off  as  a  vapor 
by  the  atmosphere,  necessarily  renders  latent  a  large  quantity  of  caloric,  and 
thus  diminishes  the  sensible  heat  of  the  exhaling  body. 

333.  There  is  no  evidence  that  either  evaporation  or  transpiration  takes 
place  in  aquatic  animals ;  for  whilst  simple  evaporation  from  their  surface 
is  of  course  prevented  by  the  contact  of  water,  the  secretions  which  are 
formed  in  their  integument  would  seem  to  be  purely  protective.  When 
exposed  to  the  air,  all  those  which  are  formed  of  soft  tissue,  unprotected 
by  a  hard  envelop,  are  rapidly  desiccated,  and  usually  perish ;  and  it  is  evi- 
dent that  such  Animals,  when  exposed  to  the  atmosphere,  are  in  the  same 
condition  with  the  Algffi  among  plants,  which  lose  weight  very  rapidly, 
owing  to  the  softness  of  their  tissues  and  the  want  of  a  cuticle.  £ven 
amongst  those  which  are  provided  with  a  hard  envelop,  there  is  always  a 
peculiar  tendency  to  evaporation  from  some  part  of  the  surface ;  thus,  a 
very  rapid  evaporation  of  fluid  takes  place  from  the  gills  of  the  Crustacea^ 
which  would  speedily  offer  a  fatal  impediment  to  the  performance  of  their 
functions,  if  a  special  provision  were  not  made  for  preserving  their  mem- 
brane in  a  humid  condition  (§  293).  From  the  experiments  of  Dr.  Ed- 
Wards  on  Fishes,  it  appears  that  the  loss  of  fluid  by  evaporation  from  the 
general  surface  of  the  body  and  from  the  gills,  when  the  animal  is  exposed 
to  the  air,  is  so  great  as  to  be  one  of  the  chief  causes  of  its  death.  Some- 
times the  impediment  to  respiration,  which  is  produced  by  desiccation  of 
the  gills,  is  the  immediate  cause  of  death  (§  298) ;  but  where  this  is  pre- 
vented, and  the  action  of  these  organs  continues  during  life,  the  suifaee 
parts  with  so  much  fluid  by  evaporation,  that  the  body  becomes  stiff  and 
dry,  and  previously  to  death  loses  from  1-I4th  to  l-15th  part  of  its  weight. 
Further,  if  the  lower  part  only  of  the  body  be  immersed  in  water,  no  abso- 
lute diminution  in  the  weight  of  the  whole  takes  place,  and  life  is  pcolonged, 
although  death  at  last  results,  seemingly  from  the  unfavorable  influence  of 
dry  air  upon  the  branchial  apparatus;  but  if,  on  the  other  hand,  the  head 
and  gills  be  immersed  and  the  trunks  suspended  in  air,  life  may  be  almost 
indefinitely  prolonged,  although  the  dr}4ng  of  the  surface  of  the  part  of  the 
trunk  exposed  to  the  air  is  as  marked,  as  in  the  case  where  these  animals 
arc  entirely  exposed  to  the  atmosphere,  and  where  they  die  after  a  consid^ 
able  diminution  in  weight. 

334.  It  is  among  terrestrial  Animals,  that  the  process  of  exhalation 
assumes  a  higher  rank  amongst  the  vital  functions ;  and,  even  in  the  lowest 
classes  we  find  it  exercising  a  very  important  influence  on  the  condition  of 
the  system.  Thus,  in  Insects,  it  has  been  ascertained  by  Afr.  Newport,  tbat 
the  transpiration  of  fluid  takes  place  to  a  considerable  extent;  and  this 
not  only  in  the  species  which  have  a  soft  external  tegument,  but  amoag 
those  which  have  the  body  encased  in  a  dense  horny  envelop,  such  as  the 
Beetle  tribe.  It  is  of  course  difficult  to  ascertain  what  proportion  of  the 
loss  of  fluid  takes  place,  in  each  case,  from  the  external  sorface,  and  fioo 
the  prolongation  of  it  that  lines  the  air-passages,  which  in  this  class  are  so 
extensive  and  so  minutely  ramified ;  probably  it  is  from  the  respiratory  mem- 
brane, as  in  the  Crustacea,  that  the  principal  liberation  of  it  occurs.  These 
observations  show  that  Insects  have  the  power  of  rieducing  their  tempera- 
ture, by  this  means,  when  it  has  been  excessively  raised  by  a  continiuDee 
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of  rapid  movements,  or  when  the  hent  of  the  surrounding  medium  is  too 
jrreat. — It  is  among  the  BatraMa,  however,  that  the  exhalation  of  fluid 
from  the  surface  is  carried  on  to  the  most  remarkable  degree,  and  seems  to 
answer  the  most  important  purpose  in  the  economy ;  and  it  is  here,  there- 
fore, that  its  conditions  may  be  most  advantageously  studied.  Of  the 
nnmerous  experiments  performed  by  Dr.  Edwards  on  this  subject,  the  fol- 
lowing are  the  general  results.  He  found  that,  when  a  Frog  was  placed  in 
a  dry  calm  atmosphere,  the  loss  of  weight  during  difiFerent  succeeding  hours 
varied  considerably,  but  with  a  marked  tendency  to  progressive  diminution : 
that  is  to  say,  the  more  fluid  the  animal  had  lost,  the  less  actively  did  exha- 
lation go  on.  The  actual  quantity  lost  was  influenced  by  various  external 
agents,  such  as  the  rest  or  movement  of  the  air,  its  temperature,  and  de- 
gree of  humidity.  Thus,  frogs,  hung  in  the  draft  of  an  open  window,  lost 
doable,  triple,  or  quadruple  the  amount  exhaled  by  others  placed  at  a  closed 
window  in  the  same  room.  The  influence  of  the  humidity  of  the  air  was 
tested  by  placing  animals  of  the  same  kind  in  a  glass  vessel  inverted  over 
water ;  and  it  was  ascertained  that  exhalation,  if  not  then  entirely  prevented, 
was  reduced  to  its  minimum.  On  the  other  liand,  when  the  dryness  of  the 
air  was  maintained  by  quicklime  during  the  progress  of  the  experiment, 
the  diminution  of  weight  was  found  to  be  increased,  the  perspiration  being 
from  five  to  ten  times  greater  in  dry  air  than  in  extreme  humidity,  accord- 
ing to  the  duration  of  the  experiment.  The  influence  of  tcmpierature  is 
shown  principally  in  increasing  the  transudation,  or  Secretion  from  the  skin ; 
since  the  amount  of  fluid  lost  in  a  heated  atmosphere  differs  but  little,  whether 
the  medium  be  humid  or  dry,  and  increases  in  much  more  rapid  proportion 
than  mere  evaporation  would  do.  When  Frogs  were  placed  in  an  atmo- 
sphere saturated  with  humidity,  by  which  mere  evaporation  would  be  almost 
or  entirely  suppressed,  the  loss  by  transudation  between  32^  and  50°  was 
very  slight,  as  also  between  50°  and  68°;  but  between  68°  and  104°  it  was 
so  great,  that  at  the  last  named  degree  its  amount  was  55  times  that  at  82°. 
The  secretion  is  not  even  altogether  suppressed  by  immersion  in  water. 
When  Frogs  are  exhausted  by  excessive  transpiration,  and  are  placed  in 
water,  they  speedily  repair  the  loss  by  absorption  from  the  surrounding 
finid  (§  195);  and  the  quantity  thus  gained  sometimes  amounts  to  one-third 
of  their  entire  weight. 

335.  From  his  experiments  on  warm-blooded  Animals,  Dr.  Edwards 
obtained  results  of  a  similar  kind  ;  but  the  influence  of  changes  in  extcraal 
conditions  was  not  quite  so  marked.  The  distinction  between  the  simple 
evaporation  which  takes  place  in  accordance  with  physical  laws,  and  the 
transudation  which  is  the  result  of  a  secreting  process,  must  be  kept  in 
view,  in  order  to  account  for  their  eff'ects  under  different  circumstances. 
It  might,  at  first  sight,  appear  to  correspond  with  that  between  insensible 
or  vaporous,  and  sensible  or  liquid  transpiration ;  but  this  is  not  altogether 
true,  since  the  secretion  of  the  skin,  if  not  very  abundant,  may  pass  off  in 
the  same  form  with  the  vapour  which  arises  from  its  surface.  The  degree 
of  evaporation  from  the  skin  of  warm-blooded  Vertebrata  is  modified,  as 
in  the  Batrachia  and  other  cold-blooded  animals,  simply  by  the  tempera- 
ture, degree  of  humidity,  movement,  or  pressure  of  the  surrounding 
medium.  Wholly  to  suppress  it,  the  air  must  not  only  be  of  extreme 
hnmidity,  but  must  also  have  a  temperature  not  inferior  to  that  of  the 
animal ;  since,  if  the  air  be  colder,  it  will  be  warmed  by  contact  with  the 
body,  and  thus  be  capable  of  holding  an  additional  quantity  of  aqueous 
vapour  in  solution.  Although  cold,  therefore,  diminishes  or  even  alto- 
gether suppresses  transudation,  evaporation  will  continue  to  a  certain 
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extent.     In  Man,  as  in  the  Batrachia,  it  seems  probable  that  heat  alone 
stimulates  the  function  of  secretion  from  the  skin ;  so  that,  at  moderate  tem- 
peratures and  in  ordinary  states  of  the  atmosphere,  the  quantity  transuded 
is  not  more  than  one-sixth  of  that  which  is  eraporated :  whilst  at  %n  ele- 
vated temperature,  especially  if  the  air  be  already  humid,  the  amount  of 
secretion  will  much  surpass  that  lost  by  evaporation ;  but  if  the  air  be  dry 
and  sufficiently  agitated,  evaporation  may  increase  nearly  in  the  same  ratio. 
Of  the  quantity  of  fluid  which  may  be  set  free  by  exhalation  wiUiin  a  short 
time,  an  idea  may  be  formed  from  the  observations  of  Dr.  Soathwood 
Smith  upon  laborers  at  the  Phoenix  Gas  Works.*    These  men  are  employed 
twice  a  day  in  emptying  and  charging  the  retorts  and  making  up  the  foes, 
for  about  an  hour  on  each  occasion ;  the  labor  is  performed  in  the  open 
air,  but  is  attended  with  much  exposure  to  heat.     On  a  foggy  and  calm 
day  at  the  end  of  November,  when  the  temperature  of  the  external  air  was 
39^,  and  the  men  continued  at  their  work  for  an  hour  and  a  quarter,  the 
greatest  loss  observed  was  21b.  15  oz.,  and  the  average  of  eight  men  was 
2  lb.  1  oz.     On  a  bright  clear  day  in  the  middle  of  the  same  month,  when 
the  temperature  of  the  surrounding  air  was  60^,  with  much  wind,  the 
greatest  loss  was  i  lb.  3  oz.,  the  average  being  3  lb.  6  oz.     And  on  a  very 
bright  and  clear  day  in  June,  when  the  temperature  of  the  external  air  was 
60^,  without  much  wind,  the  greatest  loss  (occurring  in  a  man  who  had 
worked  in  a  very  hot  place)  was  5  lb.  2  oz.,  and  the  average  of  all  was  21b. 
8  oz. — From  the  experiments  of  Lavoisier  and  Seguin,  it  appears  that  the 
average  amount  of  aqueous  exhalation  passing  off  insensibly  from  the 
human  body  is  about  3^  lbs.  daily;  the  maximum  being  5 lbs.,  and  the 
minimum  l|  lb.     Of  this,  however,  a  considerable  proportion  is  set  free 
from  the  pulmonary  surface ;  the  pulmonary  being  to  the  cutaneous  exha- 
lation, according  to  the  estimate  of  Seguin,  as  7  to  11.     There  is  no  reason 
to  believe  that  the  pulmonary  exhalation  is  liberated  in  any  other  way  than 
by  evaporation,  under  the  peculiarly  favorable  circumstances  afforded  by 
the  delicacy  and  permeability  of  the  respiratory  membrane,  its  constant 
supply  of  fluid,  and  the  frequent  renewal  of  the  air  in  contact  with  it.    It 
is  obvious  that  changes  in  the  external  conditions  will  have  much  leas 
influence  upon  its  amount,  than  upon  the  quantity  evaporated  from  the 
skin ;  since  the  temperature  of  the  air  in  the  pulmonary  cells  must  be  nearly 
uniform  under  all  circumstances  (in  the  healthy  state  at  least,  and  its  move- 
ments are  uninfluenced  by  the  variations  of  the  atmosphere.     If,  however, 
the  external  air  be  saturated  with  moisture,  and  be  of  the  same  temperature 
with  the  body  (so  as  to  be  unable  to  acquire,  by  its  heat,  an  increued 
capacity  for  vapour),  it  is  obvious  that  the  evaporation  from  the  lungs,  IB 
well  as  that  from  the  skin,  will  be  entirely  checked.     This,  indeed,  appnrs 
to  be  the  explanation  of  the  peculiar  feeling  of  oppression,  which  is  coIla^ 
quent  upon  exposure  to  an  atmosphere  that  is  not  only  hot  but  moist 
Under  such  circumstances,  the  temperature  of  the  body  is  no  longer  kM»t 
down  to  its  proper  standard  by  evaporation  from  its  surface ;  and  at  the 
same  time  the  capillary  circulation  of  the  skin  and  lungs  is  probably  di§- 
turbed,  by  the  obstruction  to  the  elimination  of  fluid  which  should  normiDy 
take  place  through  these  organs. 

336.  From  the  foregoing  facts  it  would  appear,  that  we  may  look  upon 
the  process  of  Exhalation  as  essentially  physical  in  its  character.  That 
portion  of  it  which  consists  in  simple  evaporation  from  the  cutaneous  80^ 
face,  is  obviously  so ;  and  as  to  that  which  is  eliminated  by  the  agency  of 
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the  sudoriparous  glandnlae,  it  seems  probable  that  it  also  may  arise  from 
the  mere  exudation  of  the  watery  parts  of  the  blood  through  their  thin- 
walled  capillaries.  We  shall  hereafter  see  that  the  escape  of  the  superfluous 
water  of  the  blood  through  the  Kidneys,  may  be  looked  upon  in  precisely 
the  same  light  (§  421)  ;  and  as  we  know  that  any  medicinal  agent  which 
specially  determines  the  blood  towards  those  organs,  will  produce  an  aug- 
mentation in  the  watery  portion  of  the  urine,  so  does  it  seem  probable  that 
-the  stimulus  of  external  Heat,  which  specially  determines  the  blood  to  the 
Cutaneous  yessels,  would  occasion  an  increased  pressure  from  within,  and 
consequently  an  augmented  passage  of  fluid  through  the  walls  of  the  capil- 
laries. That  the  watery  portion  alone  should  pass,  whilst  the  albuminous 
and  saline  matters  are  kept  back,  can  be  easily  comprehended,  from  the 
facts  already  stated  (§168)  in  regard  to  the  very  low  tendency  to  **  dif- 
fusion" exhibited  by  albumen,  and  the  special  power  of  retaining  it  which 
is  possessed  by  animal  membranes. 


CHAPTEE   VIII. 

OF  NUTRITION. 

1.    General  Considerations. 

837.  The  function  of  Nutrition  may  be  regarded  as  consisting  of  that 
series  of  changes  in  the  Alimentary  materials,  by  which  they  are  converted 
into  Organized  tissues,  and  thereby  acquire  Yital  properties.  The  new 
tissues  thus  generated  may  either  constitute  an  augmentation  of  the  pre- 
Tious  fabric,  as  is  the  case  with  Plants  even  to  the  end  of  their  lives,  with 
the  Zoophytic  and  other  forms  of  Animals  whose  increase  by  gemmation  is 
indeterminate,  and  with  all  Animals  during  their  period  of  immaturity ;  or 
they  may  be  tuh$tituted  for  tissues  of  an  inferior  order,  without  any  neces- 
sary increase  of  bulk ;  or  they  may  simply  replace,  by  a  similar  production, 
the  loss  by  disintegration,  which  the  fabric  at  lai^e,  or  any  particular  por- 
tion of  it,  may  have  undergone  from  the  various  causes  formerly  enumerated 
(§§  112-114),  in  Animals  which,  having  attained  their  full  dimensions  and 
complete  organization,  exhibit  no  change  in  size,  form,  or  intimate  structure 
daring  long  periods  of  time.  In  the  first  case,  the  Nutritive  operation 
manifests  itself  in  Growth ;  in  the  second,  in  Development ;  in  the  third, 
in  Maintenance:  in  all  cases,  however,  it  appears  to  be  essentially  the  same, 
and  may  be  considered  as  the  end  and  aim  of  all  the  other  Organic  functions, 
in  80  far  as  they  are  concerned  in  maintaining  the  life  of  the  individual. 
For  its  continuance  is  dependent,  in  the  first  place,  upon  the  Absorption  of 
alimentary  materials,  and  hence  (in  Animals),  upon  the  preliminary  process 
of  IXgeOion  ;  secondly,  it  requires  the  maintenance  of  the  Circulation^  for 
the  transmission  of  the  absorbed  fluid,  from  the  points  where  it  is  taken  in, 
to  those  at  which  it  is  to  be  applied ;  thirdly,  it  cannot  long  be  carried  on 
without  the  continuance  of  BespiroHon,  the  vital  properties  of  the  fluids 
being  only  maintainable  by  free  communication  with  the  atmosphere; 
fourthly,  it  requires  the  separation  of  whatever  is  superfluous  or  injurions 
in  the  nutritive  fluid,  and  thus  becomes  dependent  on  the  due  performaDce 
of  the  process  of  Exhalation  in  Plants,  and  on  that  of  Excretion  In 
Animals. 
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33S,  Every  component  part  of  eac-b  organism,  as  already  shown,,  pos^l 
sesscs  an  iudiTidual  life  of  its  owa,  whilst  it  contributes  to  support  the  Life 
of  the  entire  bein^;  this  last  being  dependent  upon  the  due  performanee  oCl 
the  vital  actions  of  all  its  subordinate  parts.  But  the  degree  of  thiif 
dependence  differs  greatly  in  the  different  ranke  of  Organized  beings ;  and] 
thus  the  conditiona  under  which  the  Nutritive  rnnction  is  performed,  pre^Hit] 
a  very  remarkable  diversity,  which  influeucea  the  apparent  character  of  iha-J 
ipalt,  notwithstanding  that  the  essential  nature  and  tendency  of  the  opera- 1 
tibn  is  the  same  ia  every  case.  ThuB  iu  the  lowest  forms  of  OrganizedJ 
beings,  the  entire  fabric  is  made  up  of  repetitioaa  of  the  same  simple  ele-f 
raents,  and  every  part  can  perform  iU  functions  independently  of  the  rest  I 
In  such^  every  act  of  nutrition  Js  in  fact  an  act  uf  growth;  for  the  tissnes  never  J 
advance  beyond  the  simple  cellular  character  which  is  common  to  every  jiart 
of  these  homogeneous  bodies ;  and  it  consists  merely  ia  the  multiplicfttiun  J 
of  cells  by  the  act  of  sabdivision  (§  22),  each  cell  thus  produced  living  for] 
itself  alone,  and  going  through  all  its  operations  without  influence  or] 
assistance  from  the  rest.  Precisely  the  same  is  the  case  with  the  early  em* 
bryo  of  ail  the  higher  forma  of  organization  ;  for  this,  too,  is  eompoacd  of  J 
a  homogeneous  mass  of  cells  (§  t3),  iaercasiug  in  number  by  subdivision,  1 
and  having  no  dependence  upon  one  another  for  the  conditions  of  their  j 
vital  activity.  But  as  we  ascend  in  the  series,  we  find  that  the  simple  eel* 
lular  tiRsuea  give  place  in  greater  or  less  degree  to  others^  which  are  evolved  I 
out  of  them  by  a  process  of  "  histological  transformation ;"  thus  from  the] 
simple  Cellular  Plants,  we  ascerfd  to  those  in  which  woody  fibre  and  rariooaJ 
forms  of  ducts  are  combined  with  cells ;  and  in  the  Animal  series,  we  meet,] 
very  low  in  the  scale,  with  fibrous  and  membranous,  muscular  and  nenroos,] 
horny  and  calcified  tissues,  which  depart  more  or  less  from  the  original  eellalar  ] 
type.  Here,  then,  the  act  of  NntriUon  does  not  eoasist  in  growth  alone,  hat  j 
involves  developtmnt,  not  merely  in  the  first  evolution  of  the  organism  frooi] 
lim  embryonic  state,  but  also  in  every  change  which  it  subsequently  under- ] 
And  it  is  in  proportion  to  the  heterogeneousaess  of  this  develop-] 
r,  OS  already  shown,  that  the  several  parts  of  the  organism  beeotaft] 
and  more  dissimilar  to  each  other  ia  structure  an<l  function,  and  con- 
uently  more  dependent  upon  one  another  for  the  conditions  of  theirvit 
activity;  so  that  at  last  Ihe  integrity  of  the  whole  stractHre,  and  lh«  con 
plete  performance  of  its  eniire  series  of  actions,  coraes  to  be  necea^ory  fof 
thecoDtinaul  maintenance  of  any  o;h\  But  notwithstanding  that  the'" 
of  tJie  individual  parts  eeema  to  be  thus  merged  (so  to  apeak)  into  that  ( 
the  organism  formed  by  their  aggregation,  it  is  so  more  in  appearance  ' 
in  reality;  for  although  a  bond  of  mutual  dependence  is  created  by 
"division  of  labor'^  which  has  been  established  in  the  organism,  fcl 
integrity  of  each  individual  part  remains  as  nmch  dependent  upon  tbd 
di^dtarge  of  its  own  vital  activity,  as  it  is  in  those  simpler  forms  of  o 
existeiice,  in  which  every  cell  lives  for  and  %  itself  alone. 

B^%  As  every  component  part  of  the  most  complex  Organised  fab 
an  individtmI/i/«  of  its  own,  so  must  each  have  a  limited  duration 
ou'u,  quite  irrespective  of  the  eondltion  of  the  fabric  at  large,  except 
far  as  this  may  tend  to  iacTdaie  or  diminish  its  functional  activity.     Wtf 
find,  liowevtT,  that  this  duration  varies  greatly  in  the  different  kin<l3 
organized  tissue  j  and  they  may  be  class^ed  in  relation  to  this  attribulc^ 
under  the  following  heads ; — 

1.  Cells  may  be  generated^  which  have  a  very  transient  existence, 
which  dit*  ft!id  disappear  again  without  undergoing  any  hi: 
jutjit, — ^This  iH  the  ca^e,  for  example,  in  the  course  of  the  forn 
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pollen-grains,  and  at  a  certain  stage  of  that  of  the  ovule,  of  Flowering- 
Plants  ;  in  which  the  production  of  temporary  cells,  that  afterwards  liquefy 
again,  appears  to  take  place  as  a  preparation  for  the  formation  of  higher 
and  more  permanent  structures.  In  animals,  we  have  very  numerous  ex- 
amples of  the  same  general  fact.  The  "germinal  vesicle"  of  the  ovum 
seems  to  become  filled  with  cells  before  its  disappearance,  and  yet  no  trace 
of  these  cells  can  be  afterwards  detected ;  so  that  it  would  appear  as  if 
they  too  had  deliquesced,  leaving  their  component  particles  to  perform  some 
farther  part  in  the  process  of  development.  The  various  classes  of  Assi- 
milating cells  of  which  an  account  will  be  given  in  the  present  chapter,  and 
the  greater  part  of  the  Secreting  cells  (§  401),  appear,  in  like  manner,  to 
hare  a  very  transient  existence,  in  the  warm-blooded  animal  at  least ;  their 
allotted  functions  being  all  periformed  within  a  few  days  or  even  hours,  and 
their  term  of  life  being  brought  to  a  close  as  soon  as  this  is  the  case. 

n.  There  are  certain  component  parts  both  of  Vegetable  and  Animal 
organisms,  whose  duration  is  not  less  determinate,  although  it  is  more  ex- 
tended. This  is  the  case,  for  example,  with  the  reproductive  organs  of  a 
large  number  of  Plants  (as  the  flowers  of  Phanerogamia,  the  urns  of  Mosses, 
and  the  pileus  of  Agarics),  and  with  the  capsules  which  seem  to  represent 
them  in  the  Hydroid  Zoophytes ;  for  these  parts  are  developed  only  to  serve 
a  particular  purpose,  which  is  speedily  accomplished,  and  they  then  die  and 
are  cast  off.  So,  again,  the  leaves  of  Plants,  and  the  polypes  of  the  compound 
Hydroida,  which  are  the  organs  most  actively  concerned  in  preparing  nutri- 
tive material  for  the  permanent  fabric,  have  a  limited  though  longer  dura- 
tion; and  in  the  higher  Animals,  we  find  a  considerable  number  of  struc- 
tnres  which  undergo  a  periodical  exuviation,  these  being  for  the  most  part 
epithelial  or  epidermic  in  their  character.  Thus,  in  a  considerable  propor- 
tion of  the  Articulated  tribes,  the  external  integument  is  thrown  off  many 
times  during  life,  and  is  replaced  by  a  new  covering;  a  similar  repeated 
moulting  of  the  whole  epidermis  at  once,  takes  place  in  Frogs,  Serpents, 
and  other  Reptiles ;  in  Birds,  the  feathers  are  thus  periodically  cast  off  and 
renewed ;  in  Mammalia,  generally,  the  hair  is  regularly  shed  at  certain  parts 
of  the  year,  whilst  in  Man  there  is  a  continual  exuviation  of  the  outer  layers 
of  the  epidermis,  and  in  the  Deer  tribe  even  the  massive  antlers  are  cast  off 
and  renewed  every  year.  Even  the  Teeth  are  limited  in  their  duration 
among  Reptiles  and  Fishes,  being  continually  cast  out,  to  be  renewed  again; 
and  a  similar  limit  exists  in  the  case  of  the  deciduous  or  milk-teeth  of  Mam- 
malia, which  are  shed  at  a  determinate  period  of  life. — Now  in  most  of  these 
cases,  it  is  capable  of  being  clearly  proved  that  the  exuviation  is  consequent 
upon  the  death  of  the  component  elements  of  the  part  thrown  off,  not  the 
death  upon  the  exuviation.  For  with  respect  to  the  leaves  of  Plants,  we 
have  seen  (§  265)  that  they  cease  to  perform  their  peculiar  vital  operations, 
and  that  the  changes  characteristic  of  decomposition  commence,  whilst  they 
are  still  connected  with  the  axis.  So  it  has  been  pointed  out  by  Mr.  Pa- 
get,^ that  the  death  of  the  hair  bulb  precedes  the  falling  off  of  the  hair ; 
and  It  is  a  familiar  observation  that  the  absorption  of  the  fang  of  the  de- 
cidnons  tooth,  which  could  not  take  place  without  a  previous  degeneration, 
very  commonly  occurs  before  it  is  pressed  upon  by  the  permanent  tooth 
which  18  rising  op  to  occupy  its  place.  So,  also,  it  may  be  shown  by  acetic 
acid  or  potash,  that  the  outer  layers  of  epidermis  are  in  a  state  of  degene- 
ration ;  for  these  reagents  produce  very  little  effect  upon  them,  whilst  they 
render  the  younger  cells  of  the  interior  layers  transparent,  as  they  do  other 

^  **  Lectures  on  Surgical  Pathology,"  p.  21,  Am.  Ed, 
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tissues  in  a  state  of  active  growth.  The  ova,  too,  as  Mr.  Paget  remarks 
(op,  citj  p.  14),  exhibit  a  remarkable  fixity  in  their  term  of  existence. 
*' These  attain  tlieir  maturity  in  fixed  successive  periods  of  days;  they  are 
separated  (as  some  of  the  materials  of  several  other  secretions  are)  while 
yet  living,  and  with  a  marvellous  cai)acity  of  development,  if  only  they  be 
impregnated  during  the  few  days  of  life  that  remain  to  them  after  separa- 
tion ;  but  if  these  days  pass,  and  impregnation  is  not  effected,  they  die,  and 
are  cast  out,  as  impotent  as  the  merest  epithelium-cell." 

III.  In  striking  contrast  with  the  limited  duration  of  sncb  parts,  is  the 
condition  of  those  tissues,  whose  function,  instead  of  being  transient,  is  to 
be  indefinitely  prolonged;  but  such  prolongation  is  seen  only  when  the 
function,  instea!d  of  being  vital^  is  simply  physical — as  in  the  case  of 
parts  that  afford  mechanical  support,  or  resist  tension,  or  supply  elasticity. 
Thus,  among  Plants,  mechanical  support  is  afforded  by  the  deposit  of  hard 
matter  in  the  interior  of  the  cells,  tubes,  &c.y  of  which  the  part  may  be 
composed,  as  in  the  **  heart- wood"  of  the  axis,  the  *' stones"  of  frait,  &c.; 
and  the  tissues  so  consolidated  are  cut  off  from  the  general  current  of  vital 
action.  Among  Animals,  again,  we  meet  with  the  same  method  of  conso- 
lidation, by  deposit  within  cells,  in  the  shells  of  MoUusca  and  in  the  epider- 
mic tissues  of  Vertebrata;  whilst  the  shells  of  Echinodermata  and  the  bones 
of  Vertebrata  appear  to  be  formed  rather  by  the  chemical  union  of  calca- 
reous matter  with  a  fibrous  basis.  When  this  consolidation  has  been  once 
effected,  the  hard  tissues,  if  not  subjected  to  disintegrating  agencies  exter- 
nal to  themselves,'  may  undergo  little  or  no  change  for  an  almost  indefinite 
period.  Thus,  the  heart-wood  of  trees,  the  bones  and  shells  of  animals, 
and  still  more  their  hair,  hoof,  horns,  &c.,  may  remain  unaltered  through 
an  unlimited  scries  of  years.  Of  some  of  these  parts  it  can  scarcely  be 
said  that  they  are  less  alive,  when  removed  from  the  organism  to  which  they 
belonged,  than  when  included  in  it.  In  the  heart-wood  of  a  Plant,  for  ex- 
ample, no  vital  change  takes  place,  from  the  time  that  the  woody  tabes  and 
fibres  have  been  consolidated  by  internal  deposit ;  it  may  decay,  whilst  still 
forming  part  of  the  stem,  without  the  nutritive  operations  of  the  fabric  be- 
ing thereby  interfered  with ;  and  if  w^e  could  possibly  remove  it  entirely, 
without  doing  injury  by  the  operation  to  the  rest  of  the  structure,  its  ab- 
sence would  be  productive  of  no  other  evil  consequences  than  such  as 
would  result  from  the  withdrawal  of  the  mechanical  support  afforded  by  it 
The  same  may  be  said  of  the  stony  "corals"  formed  in  the  soft  bodies  of 
Zoophytes  and  Bryozoa,  and  of  the  dermal  skeletons  of  Echinodermata  and 
Mollusca;  which  remain  unchanged,  except  by  addition,  from  the  time  of 
their  first  formation,  not  only  during  the  whole  life  of  the  animal  to  which 
they  belong,  but  for  an  indefinite  period  after  its  termination.  It  is  proba- 
ble that  the  same  would  hold  good,  also,  of  the  osseous  skeleton  of  Vert^ 
brata,  if  it  were  not  for  the  necessity  which  exists  for  continually  remould- 
ing this  in  accordance  with  the  growth  of  the  body,  and  for  providing  for 
its  reparation  when  it  has  been  injured  after  the  attainment  of  its  full  dimen- 
sions.— ^The  same  indisposition  to  spontaneous  change  shows  itself  in  the 
simple  Fibrous  tissues,  which,  after  their  first  formation,  seem  to  require  bat 
little  midntenance,  their  chemical  composition  being  such  as  indisposes  them 
to  ipontaiieoiu  decay,  and  their  functions  in  the  economy  being  purely  phj- 
mL    HenMi  when  these  tissues  are  generated  by  the  transformation  of 

'^T^aate  dulli  of  miiny  MoUusca  are  altered  in  form,  not  merely  by  the  addition, 
.  ^te  itnoTal,  of  parts;  this,  however,  soems  to  bo  effected  by  some  tvperficitl 
mull  .  ^  '^**Vf  JRlmtiCMil  afltion,  like  that  by  which  many  Mollusca  bore  into  rocks. 
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cells,  it  seems  as  if  these  cells,  in  becoming  converted  into  fibres,  had  almost 
entirely  parted  with  the  distinguishing  attributes  of  vitality,  and  had  thus 
passed  into  a  condition  in  which  no  necessary  limitation  is  imposed  on  their 
continued  existence.  And  when  developed  simply  by  the  fibrillation  of  a 
blastema,  or  by  the  coalescence  or  extension  of  nuclear  particles,  it  seems 
equally  true  that  the  vital  attributes  of  the  matter  in  which  they  originate, 
cease  with  the  conversion  of  that  matter  into  the  form  of  an  organized 
tissue. 

IV.  The  duration  of  the  component  tissues  of  the  Nervo-Muscnlar  appa- 
ratus, seems  to  depend  mainly  upon  the  degree  in  which  their  vital  energies 
are  called  forth.  When  they  are  left  in  a  state  of  inaction,  they  appear  to 
partake,  with  other  soft  tissues,  in  the  general  attribute  of  limited  duration ; 
for  we  find  that  they  undergo  a  gradual  degeneration,  and  slowly  waste 
away,  the  rate  at  which  they  do  so  being  principally  determined  by  the 
temperature.  But  when  they  are  called  into  functional  activity,  it  would 
seem  as  if  the  expenditure  of  their  vital  force  put  an  immediate  termination 
to  their  lives ;  so  that  their  elements  are  at  once  resolved  into  inorganic 
compounds,  by  the  oxygenating  power  of  the  blood.  Hence  we  see  that 
no  rule  can  be  laid  down,  as  to  the  duration  of  the  muscular  and  nervous 
tissues ;  since  the  exertion  of  their  vital  powers  for  no  more  than  a  few 
minutes,  will  occasion  a  larger  amount  of  disintegration,  than  would  other- 
wise occur  during  many  weeks  in  warm-blooded  animals,  or  during  as  many 
months  or  even  years  in  the  prolonged  torpidity  of  cold-blooded  animals  or 
even  of  hybemating  Mammalia. 

840.  It  may  be  stated,  then,  as  a  general  rule,  applicable  to  all  the 
foregoing  cases,  that  the  duration  of  an  organized  structure  is  very  closely 
related  to  the  activity  of  its  vital  manifestations ;  and  that  this,  again,  is 
related,  on  the  one  hand,  to  the  character  and  attributes  of  the  tissue,  and 
on  the  other,  to  the  conditions  in  which  it  is  placed.  Thus  there  are  certain 
tissues  (such  as  the  Nervous  substance  of  Animals),  which  would  seem  dis- 
posed to  undergo  very  rapid  change,  in  virtue  alike  of  their  chemical  com- 
position and  of  their  vital  endowments ;  whilst  there  arc  others  (such  as  the 
Leaf-cells  of  Plants)  whose  component  elements  have  not  the  same  inherent 
tendency  to  separation,  and  the  discharge  of  whose  functions  does  not  seem 
to  involve  the  same  immediate  loss  of  vital  power.  But  whilst  the  duration 
of  the  leaf-cells  of  a  Plant  may  be  reduced  by  unusual  intensity  of  heat  and 
light  to  a  much  shorter  period  than  usual,  the  duration  even  of  the  nervous 
tissue  of  a  cold-blooded  Animal  in  a  state  of  torpidity  would  seem  to  be 
protracted  almost  indefinitely  by  cold  and  inactivity ;  and  it  has  been  ascer- 
tained by  Mr.  Paget,  that,  *'  if  the  general  development  of  the  Tadpole  be 
retarded  by  keeping  it  in  a  cold  dark  place,  and  if  hereby  the  function  of 
the  blood-corpuscles  be  slowly  and  imperfectly  discharged,  they  will  main- 
tain their  embryonic  state  for  even  several  weeks  longer  than  usual,  the 
development  of  the  second  set  of  corpuscles  will  be  proportionally  post- 

Cmed,  and  the  individual  life  of  the  first  will  be,  by  the  same  time,  pro- 
nged."* 

841.  We  see,  then,  that  external  agencies  have  a  most  important  influ- 
ence upon  the  length  of  the  life,  either  of  the  entire  organism,  or  of  its 
constituent  parts.  The  greater  the  intensity  of  vital  activity  which  they 
excite,  the  less  is  its  duration ;  for,  so  soon  as  the  series  of  vital  operations, 
which  each  cell  or  other  integral  element  is  adapted  to  perform,  has  come 
to  a  close,  the  very  same  agencies  that  excited  and  maintained  them,  hasten 

I  "Lectures  on  Surgical  Pathology,"  p.  25,  Am,  Ed. 
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its  decomposition  and  decay.  Of  tbis,  we  bare  a  cbaracteristic  example  in 
the  case  of  annaal  Plants,  the  length  of  whose  tenn  of  life  is  inversely 
proportional  to  the  amount  of  light,  heat,  &c.,  by  which  their  vital  activity 
has  been  called  forth.  And  we  see  it  also  still  more  remarkably  in  the  case 
of  their  seeds,  which  may  retain  their  vital  endowments  for  an  unlimited 
period,  provided  the  vegetative  actions  are  prevented  by  the  deficiency  of 
warmth,  moisture,  and  oxygen ;  but  which,  when  called  into  germination, 
develop  themselves  into  structures  whose  duration  is  extremely  transient. — 
It  docs  not  seem  an  unfair  inference,  then,  from  these  and  similar  facts,  that 
the  Vital  force  takes  the  place,  in  an  Organized  structure,  of  the  Chemicd 
affinity^  which  holds  together  the  component  particles  of  Inorganic  bodies ; 
and  if  this  Vital  force  be  nothing  else  than  the  modus  operandi^  in  Organ- 
ized bodies,  of  the  very  same  forces  which  are  termed  Physical  when. acting 
through  Inorganic  matter,  the  relation  between  the  two  agencies  seems  to 
justify  such  a  conclusion.^  For,  to  take  the  case  of  the  growing  plant,  so 
long  as  it  is  acted  upon  by  Heat  and  Light,  and  is  supplied  with  nntritive 
materials,  it  continues  to  act  upon  these,  and  to  extend  its  own  organism 
by  the  appropriation  of  them,  giving  origin  to  new  tissue,  and  thus  develop- 
ing an  additional  amount  of  Vital  force ;  during  the  period  of  its  most  active 
growth,  it  shows  little  or  no  tendency  to  decay ;  but  no  sooner  does  the 
series  of  vital  operations  which  it  is  fitted  to  perform,  approach  its  termi- 
nation, than  the  signs  of  degeneration  show  themselves,  and  the  influence 
of  Physical  agencies  is  shown  in  promoting  Chemical  rather  than  vital 
changes. 

342.  The  operations  in  which  the  act  of  Nutrition  appears  essentially  to 
consist,  may  be  conveniently  divided  into  two  principal  stages ;  the  first  of 
which,  Asshnilation,  comprehends  that  gradual  preparation  for  organization, 
which  the  crude  alimentary  materials  undergo  whilst  they  are  yet  in  a  fluid 
state ;  the  second,  Formation^  on  the  other  liand,  consists  in  the  applicadon 
of  the  assimilated  or  organizablc  particles  to  the  generation  of  new  tissaes, 
or  to  the  replacement  of  those  which  have  become  effete.  This  distinction 
cannot  be  recognized  in  the  lower  forms  of  either  Vegetable  or  Animal 
existence,  in  which  every  component  part  executes  both  these  operations 
alike,  assimilating  the  nutritive  matter,  and  either  incorporating  it  witii  its 
own  substance,  or  applying  it  to  the  production  of  new  parts  developed  bj 
its  own  vital  endowments.  It  is  in  the  higher  Plants  and  Animals  that  we 
find  distinct  evidence,  tliat  the  act  of  Assimilation  may  be  performed  by 
parts  of  the  organism,  which  do  not  themselves  apply  the  organizable 
material  to  the  formation  of  tissue ;  and  that  the  act  of  Formation  may  take 
place  in  parts,  which  have  had  no  participation  in  the  previous  preparatiTe 
changes.  Such  a  modification  is  quite  in  accordance  with  the  general  inle 
of  "division  of  labor,"  which  has  been  so  frequently  alluded  to  as  a  cha- 
racteristic of  the  higher  organisms. — Both  these  operations  are  purely  viiaL 
They  have  nothing  in  common  with  physical  or  chemical  changes ;  and  can- 
not be  produced  (so  far  as  our  present  knowledge  extends)  except  throngfa 
the  instrumentality  of  an  organized  structure. 

343.  It  would  seem  as  if,  in  the  act  of  Assimilation,  the  plastic  foice 
is  imparted  by  the  solid  tissues  already  formed,  to  the  nutritive  fluid  in 
contact  with  them ;  for  there  can  be  no  doubt  that  the  fluid  becomes  pos- 
sessed of  properties  which  are  themselves  purely  vital,  and  that  its  mani- 
festation of  these  is  most  complete  when  it  is  in  immediate  relation  with 
the  living  solids.     Thus,  the  coagulation  of  the  ''  plasma"  of  the  blood, 

*  See  <*  Principles  of  Gencml  Physiology,"  6th  Am,  Ed, 
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and  the  fonnation  of  a  fibrons  tissue  which  is  the  result  of  that  act  when  it 
is  most  perfectly  performed  (§  374),  can  obviously  be  attributed  only  to  the 
peculiar  endowments  of  which  the  material  has  become  possessed,  subse- 
qnently  to  its  introduction  into  the  animal  body ;  it  takes  place  most  per- 
fectly, when  the  plastic  material  is  poured  out  upon  the  surface,  or  effused 
into  the  interstices,  of  living  tissues ;  and  it  may  be  altogether  prevented 
by  such  a  violent  "  shock"  as  suddenly  and  completely  destroys  the  vitality 
of  the  body.  But  we  shall  see  reason  to  believe  that  there  are  certain 
organs,  alike  in  the  Animal  and  in  the  Vegetable,  which  are  specially 
destined  to  effect  the  elaborating  process ;  without  superseding,  however, 
the  more  general  agency  first  alluded  to. 

344.  In  the  act  of  Formation^  a  still  higher  measure  of  plastic  force 
seems  to  be  brought  to  bear  on  the  same  elements ;  since  they  arc  then 
enabled,  not  merely  to  assume  a  more  perfectly  organized  form,  and  to 
manifest  endowments  of  a  much  higher  character,  but  also  to  develop,  in 
their  turn,  similar  vital  endowments  in  other  nutritive  materials.  We  may 
trace  at  least  four  distinct  modes  in  which  it  takes  place. — In  the  first 
place,  the  material  may  be  applied  solely  to  the  interstitial  augmentatiotLoi 
the  existing  elements  of  the  structure ;  its  component  cells  or  nbres  increas- 
ing in  size  without  undergoing  multiplication,  and  the  whole  organ  being 
enlarged  without  the  generation  of  any  new  integral  part.  This  is  proba- 
bly the  case  with  the  leaves  of  Plants  in  general,  which  continue  to  enlarge, 
after  the  number  of  cells  they  contain  appears  to  have  ceased  increasing ; 
and  it  may  also  happen  in  some  other  instances ;  but  in  general,  the  enlarge- 
ment of  the  cells,  &c.,  already  developed,  takes  place  in  conjunction  with 
the  next  form  of  the  nutritive  process. — This,  secondly,  consists  in  the  mul- 
tiplicaiion  of  the  cells  or  other  component  parts,  by  the  subdivision  of  those 
previously  existing,  or  by  outgrowth  from  them.  Such  appears  to  be  the 
mode  in  which  the  most  rapid  increase  of  living  structures  takes  place ; 
and  it  is  seen  alike  in  the  Plant  and  in  the  Animal,  in  the  most  complex 
as  well  as  in  the  simplest  forms  of  both.     The  type  according  to  which  this 

? recess  has  already  been  described  as  taking  place  in  the  lower  Cellular 
lants  (§  22),  seems  to  be  that  on  which  it  is  performed  even  among  the 
highest  Animals :  in  the  latter,  however,  it  is  especially  during  embryonic 
life  (§  T3),  and  in  the  development  of  entirely  new  parts  at  subsequent 
periods,  that  we  meet  with  examples  of  it ;  still,  there  are  certain  tissues, 
as  Cartilage,  in  which  it  continues  to  take  place  throughout  the  whole  of 
life.  In  the  third  mode  of  formation,  the  new  tissues  seem  to  arise  from 
certain  "germinal  centres,"  which  appear  to  have  the  character  of  cell- 
nnclei ;  sometimes,  perhaps,  not  having  been  themselves  fully  developed 
into  cells,  and  sometimes  being  residual  components  of  cells  which  have 
undergone  transformation,  but  which  leave  to  their  nuclei  the  developmental 

Gwer.  Of  this  mode  of  formation,  which  seems  peculiar  to  Animals,  we 
Ye  examples  in  the  development  of  gland-cells  from  the  nucleus  at  the 
cecal  extremity  of  the  follicle  or  tubule  from  which  they  are  to-  be  cast 
forth  (§  407),  and  in  the  production  of  the  component  cells  of  muscular 
fibrillffi  from  the  nuclei  contained  within  their  inclosing  tube.  Whether 
the  epidermic  and  epithelial  tissues  generally  take  their  origin  in  germinal 
centres  contained  in  the  "  basement  membrane,"  as  maintained  by  Prof. 
Ooodsir,  or  are  developed  in  the  fourth  mode,  has  not  been  yet  certainly 
determined.  In  the  adult  condition  of  animals,  in  which  no  new  parts  are 
formed,  but  maintenance  of  those  already  existing  is  alone  required,  this 
mode  of  formation  is  undoubtedly  more  common  than  any  other.  For  such 
"germinal  centres"  or  "  cytoblasts"  are  scattered  through  a  large  part  of 
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the  fabric,  their  relative  abundance  in  different  orgrans  being  nearly  propor- 
tional to  their  respective  activity  of  growth,  and  their  disappearance  being 
(as  Mr.  Paget  has  justly  remarked)  a  sure  accompaniment  and  sign  of 
degeneration.  Bat,*  fourthly ,  new  tissue  may  be  formed  at  once  by  the 
coagulation  of  the  plastic  fluid,  without  the  direct  intermediation  of  pre- 
existing cells  or  germinal  centres  (§  387) ;  but  it  usually  possesses  a  very 
low  degree  of  vitality ;  for,  if  it  be  developed  into  cells,  these  nsoally  show 
a  peculiar  proneness  to  degeneration ;  whilst,  if  it  possess  the  fibrous  type, 
it  consists  of  little  else  than  an  aggregation  of  similar  particles  into  homo- 
geneous fibres  (§  388).  This  mode  of  formation  is  rare  in  Plants,  and  is 
most  commonly  seen  in  Animals  in  the  reparation  of  injuries. 

345.  Under  whichever  of  these  methods  the  Formation  of  tissues  may 
be  performed,  the  same  general  conditions  are  required.     In  the  Jirst  place, 
it  is  requisite  that  a  due  supply  of  the  material  be  afforded,  in  a  state  in 
which  it  can  be  appropriated.     The  degree  in  which  the  formation  of  each 
tissue  is  dependent  upon  the  previous  preparation  of  its  nutritiye  materials, 
seems  to  vary  greatly.     Thus  among  the  lower  tribes  of  Plants,  in  which 
thye  is  little  or  no  "  division  of  labor,"  every  cell  can  effect  the  prepara- 
tm  operations,  as  well  as  appropriate  the  material  so  prepared ;  whilst  in 
the  higher,  a  large  part  of  the  organism  is  dependent  for  its  pabulom  upon 
the  materials  supplied  elsewhere.     But  we  shall  presently  see  (§  859),  that 
out  of  the  very  same  organic  compounds,  the  different  cells  of  the  higher 
Plants  can  elaborate  a  great  variety  of  new  products,  differing  widely  in 
their  chemical  character ;  so  that  they  must  retain  a  certain  degree  of  con- 
verting power.    Other  circumstances  being  the  same,  the  activity  of  growth 
is  proportional  to  the  abundance  of  the  nutritive  material,  provided  that 
the  formative  power  be  not  wanting.     This  is  especially  seen  in  Plants,  in 
which  there  are  fewer  counteracting  agencies ;  and  it  is,  in  fact,  the  found- 
ation of  a  large  part  of  the  art  of  Cultivation,  which  aims  especially  to 
accelerate  the  growth  of  the  entire  plant,  or  to  augment  the  growth  of 
some  particular  part,  by  increasing  the  supply  of  the  aliment  which  it  may 
require.     But  we  have  also  very  characteristic  examples  of  it  in  Animals; 
such  as  the  increase  in  the  Adipose  tissue,  when  the  food  has  been  abund- 
ant in  quantity  and  rich  in  quality;  the  increase  in  the  size  of  Glands, 
w^hen  the  blood  contains  an  unusual  quantity  of  the  special  product  to  be 
eliminated  by  their  agency;  and  (according  to  many  eminent  Pathologists), 
the  development  of  abnormal  growths  (such  as  Cancer,  Tubercle,  Lepra, 
&c.,  &C-),  which  remove  particular  morbid  matters  from  the  current  of  the 
circulation,  with  a  rapidity  proportional  to  the  supply  of  the  peculiar  pabn- 
lum  which  their  cells  respectively  require.     It  seems  probable,  indeed,  tint 
the  Animal  tissues  have  less  converting  power  than  those  of  Plants ;  asd 
that  not  only  each  tissue,  but  each  part  of  the  same  tissue,  MehcU  some 
different  material  from  the  blood.     For  there  are  certain  morbid  matterSi 
whose  presence  in  the  blood  is  manifested  by  the  perversion  of  the  nutri- 
tive process  in  certain  spots  only  of  the  body,  these  spots  being  similar  ia 
size  and  situation  on  the  two  sides ;  so  that  it  would  seem  that  the  onlj 
parts  of  any  tissue  which  are  really  identical  in  composition,  are  those 
which  occupy  symmetrical  positions  on  the  opposite  halves  of  the  body.' 
Now  in  the  healthy  state,  as  in  those  diseased  conditions  which  affofd 
more  striking  exemplifications  of  this  principle,  every  part  of  the  body, 

*  See  Dr.  W.  Budd's  admirable  paper  on  « Symmetrical  Diseases,'*  in  the  ^Hcdieo- 
Chirurgical  Transactions,"  vol.  xxt.  ;  and  Mr.  Pnget's  **  Lectures  on  Surgical  Patho- 
logy," Chap.  I.  Am,  Ed. 


CONDITIONS  OP  FORMATION  OF  TISSUES.  367 

bj  taking  from  the  blood  the  peculiar  substances  which  it  needs  for  its 
own  nutrition,  thereby  removes  from  it  a  certain  part  of  its  constituents, 
which  would  interfere  with  the  nutrition  of  the  rest  of  the  organism,  if 
retained  in  the  circulation.  And  this,  as  Mr.  Paget  has  well  remarked, 
seems  to  be  the  purpose  answered  by  the  development  of  many  structures 
that  perform  no  ostensibly  useful  part  in  the  economy ;  such  as  rudimental 
organs  of  various  kinds,  the  lanugo  or  downy  covering  of  the  human  foetus 
which  falls  off  some  time  before  birth,  and  the  coat  of  hair  which  is  formed 
in  many  of  the  lower  Mammals  during  foetal  life,  and  which  gives  place 
before  birth  to  a  more  complete  coat  of  a  different  color.  The  develop- 
ment of  these  and  other  structures,  for  which  no  other  purpose  can  be 
assigned,  may  be  fairly  regarded,  on  the  principle  which  has  been  now  laid 
down  and  illustrated,  as  resulting  from  the  presence  of  their  peculiar  mate- 
rials in  the  blood,  and  as  leaving  it  fitter,  by  the  removal  of  them,  for  the 
nutrition  of  other  parts,  or  as  adjusting  the  balance  which  might  else  be 
distarbed  by  the  formation  of  some  other  part.  "  Thus,"  to  use  Mr.  Pa- 
get's  own  words,*  "they  minister  to  the  self-interest  of  the  individual, 
while,  as  if  for  the  sake  of  wonder,  beauty,  and  perfect  order,  they  are 
conformed  to  the  great  law  of  the  unity  of  organic  types,  and  concur  with 
the  universal  plan  observed  in  the  construction  of  organized  beings." 
When  the  due  supply  of  nutritive  material  is  not  afforded,  imperfect  or 
deficient  formation  must  be  the  result ;  and  this  is  probably  the  explanation 
of  the  atrophy  which  normally  occurs  in  the  course  of  the  life  of  higher 
animals,  in  many  organs,  which  at  earlier  periods  of  life  were  of  consider- 
able size  and  importance,  such  as  the  thymus  gland,  the  ductus  arteriosus 
and  Tenosus,  the  mammary  glands,  &c. 

346.  In  the  second  place,  the  formative  process  is  mainly  dependent 
upon  a  due  supply  of  Heat.  This  agent  has  been  commonly  regarded  as 
the  mere  stimuhts  to  its  activity ;  but  there  seems  adequate  reason  for  the 
belief,  that  Heat,  acting  through  a  substance  previously  organized,  itself 
becomes  the  formative  power  (General  Physiology).*  This  much,  how- 
ever, is  certain,  that  the  activity  of  growth  bears  a  very  close  relation  to 
the -temperature  of  the  fabric,  so  that  the  formative  processes  may  be  arti- 
ficially retarded  by  cold  or  accelerated  by  warmth ;  and  it  further  appears 
that  devdopment  requires  a  higher  temperature  (as  it  certainly  seems  to 
depend  on  a  higher  measure  of  vital  force)  than  simple  growth.  Thus,  it  is 
found  that  the  completion  of  the  metamorphosis  of  certain  Insects,  is  aided 
by  the  generation  of  heat  in  **  nurses,"  whose  bodies  impart  it  to  those 
which  they  tend  (§  447) ;  and  the  reproduction  of  lost  parts  in  the  Triton 
requires  a  temperature  higher  by  many  degrees  than  that  which  suffices  to 
maintain  a  considerable  degree  of  general  nutritive  activity.  Hence,  we 
see  that  the  very  same  agent  which  exerts  so  remarkable  an  influence  on 
the  duration  of  the  life  of  the  tissues,  exerts  a  corresponding  influence  on 
those  processes  by  which  their  disintegration  is  compensated;  and  the 
perfect  balance  between  waste  and  repair  is  thus  maintained.  In  Plants, 
indeed,  we  see  this  beautiful  adjustment  extending  still  further  back;  for 
the  Heat  which  promotes  the  formative  processes  is  accompanied  (when 
not  artificially  supplied)  h^  a  corresponding  amount  of  Light ;  and  these 
two  agents,  in  proportion  to  the  intensity  of  their  operation,  accelerate  the 
absorption  of  fluid  by  the  roots  (§  328),  and  also  produce  a  corresponding 
increase  in  the  supply  of  carbon  fixed  by  the  leaves. 

1  Op.  cit.,  p.  82,  Am.  Ed, 

'  See  also  the  author's  memoir  **  On  the  Mutual  Relations  of  the  Vital  and  Physical 
Forces,"  in  the  <*Philos.  Transact,"  1850. 
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2.  NtUrition  in  Vegetables, 

34T.  The  elementary  phenomena  of  Vegetable  Nutrition  are  in  many 
respects  best  studied  in  those  simple  Cellular  Plants,  of  which  every  cell 
performs  all  its  essential  operations,  and  is  entirely  independent  of  its  fel- 
lows ;  to  these,  therefore,  we  shall  first  direct  our  attention.  So  far  as  we 
at  present  know,  every  cell,  like  every  individual  Plant  or  Animal,  is  the 
product  of  a  previous  organism  of  the  same  kind ;  there  being  no  Talid 
reason  to  believe  that  any  organized  fabric,  even  of  the  simplest  kind,  can 
originate  in  the  combination  of  inorganic  elements,  without  the  intermedia- 
tion of  a  substance  already  endowed  with  vitality.  This  substance,  how- 
ever, may  not  be  a  definite  '* germ-particle;"  for  it  seems  often  to  be 
nothing  else  than  a  fragmentary  portion  of  the  liquid  contents  of  some 
pre-existing  cell.  The  first  stage  in  the  development  of  any  such  body  into 
a  new  cell,  must  consist  in  the  production  of  the  requisite  j9a6tf/ttin  or  mate- 
rial, out  of  those  simple  binary  compounds  which  serve  as  food  to  Plants 
(§  120) ;  and  it  may  be  conceived  without  any  great  improbability,  that  in 
this  operation  the  germ-particle  or  its  representative  acts  a  part  analogons 
to  that  of  a  ''ferment,"  save  that  the  metamorphosis  which  it  promotes  is 
a  step  in  the  ascending  series  (t.  e.  from  inorganic  matter  up  to  organic 
compounds),  instead  of  being  in  the  downward  direction  (t.  e,  from  organic 
compounds  towards  inorganic  bodies),  as  is  the  case  with  that  of  ferments 
in  general.  It  is  only  under  the  influence  of  light,  however,  that  this 
change  can  take  place ;  and  the  amount  of  the  new  compounds  thus  gene- 
rated, as  measured  by  the  quantity  of  oxygen  given  off  in  the  act  of  their 
production,  is   strictly  conformable,   cceteris  paribus,  to   the   degree  in 

which  the  decomposition  of  car- 


Fig.  IGO. 


Section  of  leaf  of  Agave,  treated  with  dilate  nitric 
acid,  showing  the  primordial  utricle  contracted  in 
the  interior  of  the  cells: — a,  epidermic  cells;  6, 
boundary  cells  of  the  stoma ;  e,  cells  of  parenchy- 
ma ;  d,  their  primordial  utricles. 


bonic  acid  is  promoted  by  thtt 
agent.  This  result  of  the  in- 
cipient nutritive  operations  of 
the  simple  Cellular  plants,  is 
made  obvious  by  the  frothing  np 
of  the  green  scum  which  floats 
upon  ponds,  ditches,  &c.,  when 
the  sun's  rays  fall  upon  the  sur- 
face; the  bubbles  of  gas  thus 
disengaged  being  found  upon 
analysis  to  consist  of  oxygen.  It 
will  be  presently  inquired,  what 
are  probably  to  be  regarded  as 
the  first  compounds  thus  gene- 
rated (§§  359, 362) ;  little  donbt 
can  exist,  however,  that  they  are 
cither  the  vegetable  acids,  or  the 
neutral  components  of  their  tis- 
sues.*   For  in  every  situation  in 


*  The  production  of  green-coloring  matter  has  been  very  commonly  supposed  to  ood- 
Btitute  one  of  the  early  stages  in  the  **  ascending''  or  *'  progressive"  metamorphosis;  and 
it  is  not  surprising  that  such  should  be  the  current  opinion,  when  it  is  remembocd 
that  this  occurs  in  the  parts  most  exposed  to  light,  and  that  its  amount  seems  to  be  s 
measure  of  the  influence  of  that  agent.  But  the  chemical  composition  of  '*  chlorophyll," 
so  far  as  it  has  been  ascertained,  bears  a  much  closer  resemblance  to  that  of  oil  sod 
wax,  than  to  that  of  the  less  deoxidized  compounds ;  and  it  is  probable,  therefore,  tkat 
its  production  accompanies,  or  is  subsequent  to,  that  of  the  tissue-forming  snbsioooeii 
instead  of  being  antecedent  to  them.  See  Mulder's  '*  Chemistry  of  Animal  and  V^eti- 
ble  Physiology,"  p.  281. 
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which  Vegetable  nutrition  is  taking  place,  dextrine  (or  starch-gum)  and 
an  albuminous  compound  arc  present,  the  latter  being  especially  abundant 
in  young  and  rapidly-growing  parts ;  whilst  it  is  only  in  the  more  advanced 
stage  of  life  of  cells  which  have  ceased  to  perform  any  more  active  func- 
tions, that  we  meet  with  other  products,  whose  composition  is  less  imme- 
diately related  to  that  of  the  cell-walls  themselves.  Of  the  two  products 
just  named,  the  latter  is  the  one  that  chiefly  ministers  to  the  formation  of 
the  "primordial  utricle"  (Fig.  159,  dd),  which  is  the  immediate  investment 
of  the  contents  of  the  cell,  and  which  is  undoubtedly  the  part  of  its  wall 
that  is  most  actively  concerned  in  its  vital  operations ;  whilst  the  former, 
which  is  always  present  in  much  greater  abundance,  is  the  pabulum  at  the 
expense  of  which  the  outer  or  cellulose  layer  (cc),  is  generated  around  this, 
its  thickness  being  augmented  from  time  to  time  by  additional  exudations.' 
348.  Previously  to  their  appropriation,  however,  by  the  solids  of  the  cell, 
these  materials  are  united  (together,  it  appears,  with  sugar  and  oleaginous 
particles)  into  a  peculiar  viscid  granular  fluid,  which  has  received  the  desig* 
nation  of  protoplasmOf  and  which  appears  to  be  in  immediate  vital  relation 
with  the  growing  organism.  This  fluid  is  colored  yellow  by  iodine,  and 
coagulated  by  alcohol  and  acids ;  in  rery  young  cells,  it  occupies  nearly  the 
entire  cavity,  certain  vacuoles  only  being  perceptible,  which  are  occupied 
by  a  more  water^  fluid  or  **  cell-sap ;"  but  with  the  advance  of  the  life  of  the 
cell,  these  vacuoles  increase  in  size,  and  coalesce,  so  that  at  last  the  watery 
cell-sap  almost  entirely  takes  the  place  of  the  protoplasma,  which  merely 
forms  a  lining  to  the  primordial  utricle.    A  very  remarkable  movement  is 

Fig.  ICO. 


JfUtttdlJiextliM  .-—A,  Stem  and  branebef  of  the  natural  sizo ;  a,  6,  c,  d,  four  yerticils  of  branches 
hnlBC  from  the  ttMii ;  «,/,  tnbdirision  of  the  branches; — b,  portion  of  the  stem  and  branchea 
■         I ;  "f  *»  J©J»*»  •f  •'«"»  »  <^t  rf*  verticils ;  «,  /,  new  cells  sproufing  from  the  sides  of  the 
b;  g,h,  new  eelli  fprouting  at  the  extremities  of  the  branches. 
S4 
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often  seen  to  take  place  in  the  protoplasma,  which  is  known  under  the  name 
of  **  rotation."  This  was  first  observed  in  the  long  tubular  cells  of  the 
CfiaracecB^  a  little  group  belonging  to  the  class  of  Algffi ;  and  they  still 
afford  the  best  illostration  of  the  phenomenon.  Each  cell,  in  the  healthy 
state,  is  lined  by  a  layer  of  green  oval  granules,  which  cover  every  part  of 
its  walls  save  two  longitudinal  lines  that  remain  nearly  colorless  (Fig.  160, 
b)  ;  and  a  constant  stream  of  semifluid  matter,  containing  numerous  jelly- 
like globules,  is  continually  flowing  over  this  green  layer,  the  current  passing 
up  one  side,  changing  its  direction  at  the  extremity,  and  flowing  down  the 
other  side,  the  ascending  and  descending  spaces  being  bounded  by  the 
transparent  lines  just  mentioned.  That  the  currents  are  in  some  wij 
directed  by  the  layer  of  granules,  appears  from  the  fact  noticed  by  Mr. 
Yarley,^  that  if  accident  should  damage  or  remove  them,  near  the  boundaiy 
between  the  ascending  and  descending  currents,  a  portion  of  the  fluids  of 
the  two  currents  will  intermingle  by  passing  the  boundary ;  whilst,  if  the 
injury  be  repaired  by  the  development  of  new  granules  on  the  part  from 

which  they  had  been  detached,  the  cl^ 
culation  resumes  its  regolarily,  no  put 
of  either  current  passing  the  boundaiy. 
In  the  young  cells,  however,  the  rota- 
tion may  be  seen,  before  their  grannltr 
lining  is  formed.  The  rate  of  this  ci^ 
culation  is  affected  by  anything  whidi 
influences  the  vital  activity  of  the  plant; 
thus,  the  movement  is  accelerated  by 
moderate  warmth,  whilst  it  is  retarded 
by  cold,  and  may  be  at  once  checked  by 
a  slight  electric  discharge  through  the 
plant.  The  moving  globnles,  which 
seem  to  consist  of  starchy  matter,  tre 
of  various  sizes ;  being  sometimes  very 
small,  and  of  definite  figure,  whilst  in 
other  instances  they  are  seen  as  large 
irregular  masses,  which  appear  to  be 
formed  by  the  aggregation  of  smaller 
particles.  If  the  cell  be  carefully  tied 
across,  the  current  is  re-established 
within  a  short  time  in  each  segment  tf 
if  the  cell  had  naturally  subdivided  it- 
self.— This  phenomenon  may  also  he 
well  studied  in  certain  aquatic  Phan^ 
rogamia,  belonging  to  the  families 
Nayadacecs  and  Hydrocharidacem ;  the 
ValUsneria  spiralis,  which  belongs  to 
the  last-named  of  these,  exhibiting  it  in 
a  peculiarly  striking  manner.  The  rota- 
tion is  by  no  means  confined,  howenr, 
to  aquatic  plants,  for  it  may  be  ns^ 
detected  in  the  hairs  of  Flowering- 
plants,  many  of  which  afford  veiy  besn- 
tiful  examples  of  it,  and  it  has  been  ob- 
served also  in  the  young  cells  of  leani» 


CirouUtion  of  fluid  in  hain  of  Tradet- 
cantia  Virginica: — A,  portion  of  ca tide 
with  hair  attached;  a,  6,  e,  auccessire 
cells  of  the  hair ;  d,  ceUs  of  the  cuticle ; 
e,  ctoma : — b,  joint  of  a  beaded  hair  from 
the  fame  plant,  showing  several  ourrents ; 
a,  nucleus. 


*  Transactions  of  the  Microscopical  Society,"  Ist  Series,  vol.  ii.  p.  99. 
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fniits,  and  other  parts ;  so  that  it  may  with  probability  be  regarded  as  exist- 
ing in  every  vegetable  cell  at  a  certain  stage  of  its  development.  The 
current  is  seldom  so  broad,  however,  as  in  the  instances  already  described ; 
and  nsaally  presents  itself  as  a  thread-like  stream,  passing  through  a  stratum 
of  motionless  matter.  This  stream  may  be  single,  passing  up  one  side  of 
the  cell,  and  down  the  other,  as  is  usually  the  case  in  long  and  tubiform 
cells  (Fig.  161,  A,  6,  c)  ;  but  several  distinct  currents  may  exist  in  the  same 
cell,  and  these  are  observed  to  have  a  common  point  of  departure  and  re- 
turn— namely,  a  collection  of  granular  matter  in  one  mass,  attached  to  the 
wall  of  the  cell,  which  is  termed  the  nuchxis  (b,  a).  Here,  too,  it  would 
appear,  that  the  currents  are  connected  with  the  general  activity  of  the  life 
of  the  cell,  and  that  their  cessation  indicates  the  cessation  of  its  formative 
powers ;  and  from  the  manner  in  which  they  are  connected  with  the  "  nucleus," 
it  would  seem  that  this,  where  it  exists,  is  to  be  regarded  as  the  centre  of 
the  vital  activity  of  the  cell.  Although  such  a  nucleus  is  to  be  found,  how- 
ever, in  a  very  large  proportion  of  Vegetable  cells,  yet  its  absence  in  some 
instances  is  a  matter  of  equal  certainty  with  its  presence  in  others ;  and  as 
these  do  not  manifest  any  inferiority  of  vital  power,  the  nucleus  is  obviously 
not  essential.  Perhaps  we  should  be  correct  in  regarding  it  as  concentrat- 
ing in  itself  a  portion  of  the  forces  which  are  elsewhere  diffused  through 
the  entire  "protoplasma"  and  "primordial  utricle,"  rather  than  as  having 
any  peculiar  powers ;  and  this  idea  is  confirmed  by  the  facts  presently  to  be 
stated,  in  regard  to  the  production  and  multiplication  of  cells. 

349.  The  formative  activity  of  the  Plant-cell  mav  be  manifested]  in  vari- 
ous ways.  The  cell  may  develop  itself  more  fully  as  an  individual ;  appro- 
priating its  protoplasma  to  the  exten- 
sion of  its  walls,  so  as  to  augment  its 
size ;  or  solidifying  its  thin  coats  by  de- 
posits arranged  concentrically  or  other- 
wise upon  their  interior,  so  as  gradually 
to  occupy  a  considerable  part  of  its  ca- 
vily;  or  filling  this  cavity  with  products 
of  various  kinds,  which  it  elaborates  for 
itself  from  its  primitive  pabulum.  Or, 
on  the  other  hand,  it  may  give  origin, 
by  its  own  subdivision,  to  two  or  more 
cells,  which  in  their  turn  may  undergo  a 
like  multiplication ;  the  life'  of  the  [iri- 
raaiycell  being  thus  (so  to  speak;  carrier] 
on,  and  distributed  through  a  va.st  ag- 
gregation of  organisms  resembling  it- 
self.^ The  most  common  method  of 
multiplication  is  the  subdivision  of  the 
original  cell  into  two  halves,  such  a.?  is 
seen  very  characteristically  in  the  Hutma- 


ts.4  dlru'Ion  Iu4  Uie^D  pUet :  d^  tlrj» r«;r  of 


*  It  Is  enatommry  to  8pe«k  of  the  origiiul  cell  m  the  pnr^nt  or  m/^tk^,  Mn*\  hf  x\i*;  fy,\H 
fomied  by  the  subdivision  of  iu  con  tents  u  the  ofiprinf^  or  dnugkur;  Thi>i  \A»r:t^.*:'w 
logy,  however,  ispecnliarly  liable  to  conrey  ft  wrong  \vb\/r^hi*A%  \  tin^e  th*  tfrtr.^ 
'*p«rent"  and  ••  offspring,"  in  their  proper  acceptation,  conrey  an  i'foA  that  i-.  •:^v:r.ri- 
allydiirerent;  and  the  word  "  motber-ccU"  should  not  be  use*!  where  there  i*  r.'/  •tzi- 
ality  (see  Chap.  XI.,  Sect  1).  In  the  one  case,  the  tiuI  endowments  *4  the  i,r.:u\ry 
eell  are  transmitted  by  direct  continuity  to  the  entire  aggrejEation  (hovever  wktt.T'.n,^ 
into  which  it  may  derclop  itself;  whereas  the  resultant  of  the  tnie  mtmir%ui»:  \.r,-.->:*^ 
for  which  the  concurrent  action  of  two  cells  is  always  required,  la  (m  ti>  tf,e»l«^  i  -*▼ 
creation. 
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tococeus  btnalis  and  others  of  the  humblest  forms  of  Tegetation,  in  which 
every  cell,  being  capable  of  existing  by  itself,  is  commonly  regarded  as  a 
distinct  individual.  The  cells  of  this  little  plant  are  originally  of  a  globular 
form  (Fig.  162,  a)  ;  and  the  first  step  in  the  process  of  subdivision  is  their 
elongation  into  an  oval  shape,  and  the  appearance  of  a  slight  constriction 
round  them,  as  seen  at  b.  This  constriction  indicates  the  tendency  of  the 
*'  endochrome"  (or  mass  of  colored  cell-contents)  to  separate  into  two  halves, 
each  included,  it  would  appear,  in  an  envelop  of  its  own,  so  that  two 
secondary  cells  are  now  included  within  the  external  wall  of  the  primary ; 
and  after  this  has  been  effected,  the  contiguous  portions  of  the  two  "  pri- 
mordial utricles"  appear  to  develop  or  secrete  a  thick  partition  between 
them,  so  that  the  two  secondary  cells  are  now  completely  divided,  as  seen 
at  c,  c.  An  increase  of  a  somewhat  similar  but  less  condensed  secretion  on 
their  exterior,  forms  a  mass  of  mucus,  in  which  the  cells  are  imbedded;  and 
these  are  frequently  carried,  by  the  interposition  of  this  new  substance,  to 
a  considerable  distance  from  each  other,  as  is  shown  at  d,  where  each  of 
the  first  pair  of  secondary  cells  has  itself  undergone  a  similar  subdivision. 
— This  process  may  also  be  well  studied  in  the  Conferva,  which  are  fila- 
mentous aquatic  plants,  each  filament  composed  of  a  single  file  of  cells, 
adherent  to  each  other  end  to  end ;  and  we  shall  derive  from  the  examina- 
tion of  one  of  these  a  further  insight  into  some  stages  of  the  process.  Tiie 
first  step  is  here  seen  to  be  the  subdivision  of  the  ''  endochrome,"  and  the 
inflexion  of  the  **  primordial  utricle"  around  it  (Fig.  163,  A,  a) ;  and  thns 


Fig.  163. 


Process  of  cell-multiplication  in  Conferva  glomerata : — A,  portion  of  filament  with  ! 
pletc  partHion  at  a  and  complete  partition  at  b  ; — b,  commencement  of  the  formatioB  oft 
partition ;  e,  more  advanced  stage  ;  d,  the  separation  nearly  complete;  e,  the  two  priaeriiil 
utricles  completely  detached,  and  cell.membrane  deposited  between  them ;  f,  saeeeHiTd  Itjtn 
of  cell-membrane,  making  up  the  thickness  of  the  partition.  In  the  last  five  fignrei,  •  M- 
cates  the  primordial  utricle ;  b,  the  endochrome ;  e,  the  cell-membrane,  and  d,  tht  BSOOH 
investment. 

there  is  gradually  formed  a  sort  of  hourglass  contraction  across  the  eavitf 
of  the  primary  cell,  by  which  it  is  divided  into  two  equal  halves  (b).  Tfc« 
two  surfaces  of  the  infolded  utricle  produce  a  double  layer  of  permanent 
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cell-membrane  between  them ;  and  the  formation  of  this  may  be  seen  to 
commence,  even  before  the  complete  separation  of  the  cavities  of  the  twin- 
cells  (d).  This  deposition  is  not  confined,  however,  to  the  contiguous 
sarfaces  of  the  secondary  cells,  but  takes  place  over  the  whole  exterior 
of  the  primordial  utricle ;  so  that  the  new  septum  is  continuous  with  new 
layers  that  are  formed  throughout  the  interior  of  the  original  primary 
cell  (c). 

350.  The  foregoing  is  the  method  according  to  which  the  extension  of 
Vegetable  structures  from  cells  already  in  existence,  most  commonly  takes 
place.  Among  the  lower  Algse,  for  example,  we  find  the  single  cell  giving 
rise  to  an  amorphous  cluster  (Fig.  10),  to  a  prolonged  filament  (Fig.  11), 
or  to  flattened  leaf-like  expansion  (Fig.  12),  according  to  the  mode  in  which 
the  subdivision  occurs,  and  to  the  degree  in  which  the  new  cells  remain 
attached  to  each  other. — It  does  not  api)ear  that  in  this  process  the  ''nu- 
cleus" performs  any  essential  part ;  for  we  find  it  taking  place  where  no 
nucleus  can  be  distinguished,  in  viitue,  it  may  be  surmised,  of  a  soil  of 
mutual  repulsion  between  the  two  halves  of  the  endochrome,  which  leads 
to  their  spontaneous  separation.  Where  a  nucleus  is  present,  this  also 
undergoes  subdivision  at  the  same  time  with  the  endochrome,  so  that  half 
of  it  is  appropriated  by  each  of  the  secondary  cells. — ^But  we  sometimes 
observe  that  secondary  cells  originate  in  little  bud-like  prominences  on  the 
surface  of  the  primary,  developed  in  continuity  with  that  from  which  they 
arise.  This  is  well  seen  in  the  Conferva  glomerata^  a  common  species,  which 
increases  not  merely  (like  other  Confer^ce)  by  the  repeated  subdivision  of 
the  cells  at  the  extremity  of  its  filaments,  but  by  the  origination  of  new  cells 
from  every  part  of  their  surface.  A  certain  portion  of  the  primordial  utricle 
seems  to  undergo  increased  nutrition ;  for  it  is  seen  to  project,  carrying  the 
outer  cell-wall  before  it,  so  as  to  form  a  protuberance,  which  sometimes 
attains  considerable  length  before  any  separation  of  its  cavity  from  that  of 
the  primary  cell  begins  to  take  place.  This  separation  is  gradually  effected, 
however,  by  tJie  infolding  of  the  primordial  utricle,  just  as  in  the  preceding 
case;  and  thus  the  endochrome  of  the  secondary  cell  is  completely  severed 
from  that  of  the  primary,  and  its  independent  existence  may  be  said  to  begin 
from  that  time.  We  may  consider  this  process  of  *'  budding"  as  differing 
from  that  of  "subdivision"  only  in  this — ^that  whilst  in  the  latter  case  the 
individuality  of  the  primary  cell  is  lost  by  the  equal  subdivision  of  its  cavity 
into  two  similar  parts,  it  is  retained  in  the  former  through  the  unequal  divi- 
sion of  the  cell,  of  which  only  a  small  portion  is  pinched  off  (so  to  speak) 
to  form  the  secondary  cell,  whilst  the  greater  part  remains  unaltered.  Of 
the  extent  to  which  the  multiplication  of  cells  by  this  budding  process  takes 
place  among  plants,  we  have  as  yet  no  certain  knowledge.  It  is  obviously 
the  regular  method  of  growth  among  the  Cliaracece,  in  which  the  long  tubi- 
form  cells  that  form  the  axis  give  off,  at  their  points  of  junction  with  each 
other,  circular  rows  of  buds,  from  each  of  which  is  developed  a  whorl  of 
lateral  branches.  And  the  same  mode  of  increase  is  observable  aihong  the 
"ferment-cells"  of  the  Yeast-plant,  which,  whilst  rapidly  multiplying  under 
favorable  circumstances,  shoot  forth  little  buds  from  one  or  even  both  ex- 
tremities, from  each  of  which  a  secondary  cell  is  developed.  There  is  no 
reason  to  believe  that  in  this  process  the  "nucleus"  takes  any  direct 
share ;  since  the  evolution  of  buds  may  take  place  from  cells  destitute  of 
nuclei ;  and  even  where  nuclei  exist  in  budding  cells,  they  do  not  seem  to 
be  specially  connected  with  the  process,  since  the  buds  are  not  observed  to 
originate  in  or  near  them. 

&1.  In  cases  where  a  very  rapid  production  of  new  and  independent 
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cells  is  requisite,  it  would  seem  to  be  effected  by  the  separation  of  the  con- 
tents  of  the  primary  cell  into  numerous  parts,  each  of  which  acquires  for 
itself  a  covering  of  cell-membrane ;  so  that  a  whole  brood  of  secondary  cells 
may  thus  be  at  once  generated  in  the  cavity  of  the  primary  cell,  which  sub- 
sequently bursts  and  sets  them  free.  Of  this  plan  we  have  the  most  cha- 
racteristic examples  in  the  formation  of  the  "zoospores"  of  the  Protophyta 
(§  22).  Thus  in  Achlya  prolifera,  a  plant  composed  of  tubiform  cells  which 
grows  parasitically  upon  fish,  the  end  of  the  filament  dilates  into  a  large 
cell,  the  cavity  of  which  is  cut  off  from  the  rest  by  the  formation  of  a  par- 
tition ;  and  within  this  dilated  cell,  an  irregular  circulation  of  granular 
particles  can  for  a  time  be  distinguished  (Fig.  164,  c).     Very  speedily, 

however,  it  appears  that  the  "  en- 
dochrome"  is  being  broken  up 
into  a  large  number  of  distinct 
masses,  which  are  at  first  in  close 
contact  with  each  other  and  with 
the  walls  of  the  cell   (a),  bat 
which  gradually  become    more 
isolated,  each  seeming  to  acquire 
a  proper  cell- wall ;  they  then  be- 
gin to  move  about  within  the 
primary  cell;   and  when  quite 
mature,  they  are  set  free  by  the 
rupture  of  its  wall  (b),  to  go 
forth  and  form  new  attachments, 
and  to  acquire  for  themselves  the 
materials    of   development  into 
tubiform  cells  resembling  those 
from  which  they  sprang.    A  si- 
milar process  may  be  observed 
in  the  production  of  the  "soos- 
pores"  of  Confervfle  and  Alge  in 
general ;  usually  taking  place, 
however,  upon  a  smaller  soak, 
and  the  number  of  new  ceUs  b^ 
ing  generally  less  than  in  the  in- 
stance just  quoted.     And  there 
appear  to  be  some  cases  among 
the  higher  plants,  in  which  pri- 
mary cells  give  origin  to  a  nev 
brood  in  their  interior,  by  a  pro- 
cess  somewhat   similar  withoat 
the  successive  duplication  which  is  certainly  the  more  usual  method  of  tbe 
production  of  "  cells  within  cells,"  or  "  endogenous  multiplication."    Thb 
seems  the  case,  for  example,  in  the  ''embryo-sac"  of  Flowering-PIaDti 
(Chap.  XI.) ;  which  at  one  time  contains  only  a  mixture  of  albnminona  aad 
starchy  matter,  but  which  is  afterwards  filled  up  by  a  mass  of  cells,  tliat 
have  incorporated  these  materials  into  their  own  substance,  forming  the 
''endosperm."    According  to  Niigeli,  who  has  recently  investigated  tUi 
process  with  much  care,  the  following  are  the  essential  points  in  its  histoiy. 
Minute  globular  particles  of  perfectly  homogeneous  matter,  varying  in  dia- 
meter from  1  to  4-l,000ths  of  a  line,  seem  to  be  first  formed  in  the  midst  of 
the  mucilaginous  contents  of  the  embryo-sac ;  larger  globular  bodies  an 
apparently  produced  by  the  aggregation  of  other  (nitrogenous  f)  partidtf 


Development  of  Achlya  prolif era: — a,  dilated 
extremity  of  a  filament  6,  separated  from  tbe  rest 
by  a  partition  a,  and  containing  young  cells  in 
progress  of  formation ;  b,  conccptacle  discharging 
itself,  and  setting  free  young  cells,  a,  6,  e  /— c, 
portion  of  filament  sbowing  the  course  of  tbe  cir- 
culation of  granular  contents. 
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around  these,  fonninji  the  nuclei  of  the  future  eelK  Each  of  these  nuclei 
seems  to  attract  arouud  it  a  greater  or  smaller  quantity  of  the  contents  of 
the  primary  cell ;  and  over  this  a  membrane  is  subsequently  jc^neratecl,* 
Thus,  the  history  of  such  a  formation  is  very  nearly  the  same  with  that  ^iiich 
we  hare  traced  in  the  inferior  Cryptogamia ;  and  it  maybe  that,  even  in  the 
latter,  the  formation  of  nuclei,  round  which  the  contents  of  the  primary  cell 
group  themselves,  may  be  really  the  firet  stage  in  the  production  of  the 
of  secondary  cells. 

S53,  The  first  viMle  etagea  of  tho  development  of  new  cells,  however, 
t  always  take  place  in  the  interior  of  a  pre-existing  generation  \  for 
sometimes  appear  to  originate  de  novo^  in  that  mixture  of  starchy  and 
albuminous  fluids,  wliich,  being  the  appropriate  pabulum  for  Ye getable  cells, 
has-been  ditnomln^ttd  prof opla$ma.  This  protoplasma,  however,  must  have 
always  been  elaborated  by  eell-agcncy  \  so  that,  even  if  the  young  cells  ap- 
pear to  be  developed  quite  independently  in  its  substance^  they  must  really 
be  regarded  as  the  offspring  of  the  cells  which  formed  it.  In  some  instances 
which  have  been  regarded  in  this  light,  it  is  probable  that  the  protoplasm  a 
wfti  contained  in  a  cellular  parenchyma  which  escaped  observation  througlt 
lis  extreme  delicacy  :  whilst  in  other  cases,  there  can  be  no  doubt  that  de- 

ite  cell-germs  had  been  prepared  and  set  free  with  the  protoplnsina,  esscap- 

g  observation  on  account  of  their  minuteness, 

353,  Tliere  is  evidence  that  the  process  of  Cell-production  may  take  place 
ith  a  rapidity  almost  inconceivable.     Extensive  tracts  of  snow,  in  alpine 

d  arctic  regions,  have  been  seen  to  be  suddenly  reddened  by  the  cells  of 

e  little  Protococcus  nivalis;  and  there  arc  some  minute  blood- red  Fungi, 

hich  occasionally  make  their  appearance  in  almost  equal  multitudes  upon 

e  surface  of  e\*ery  organic  substance.     Almost  every  one  is  familiar  with 

e  appearance  of  certain  more  elevated  forms  of  fungous  vegetation,  which 

shoot  up  in  the  course  of  a  sinjrlc  night,  and  seem  to  melt  away  before  the 

orning  sun.     A  specimen  of  Bovkta  gigai^tum,  a  large  fungus  of  the 

ff-hab  tribe,  has  been  known  to  grow  in  a  single  night  from  the  size  of 

mere  point  to  that  of  a  huge  gourd  ;  and  from  a  calculation  of  the  average 

e  of  its  cells,  and  of  the  probable  number  contained  in  the  full-grown 

►laut,  it  ha^  been  estimated  that  they  must  have  been  generated  nt  the  rate 

four  thousand  miiiiom  per  hour,  or  more  than  stxt^-siix  mi f lions  per 

itiute.     In  all  such  cases,  the  amount  of  solid  matter  present  in  the  tissues 

rs  a  very  small  proportion  to  the  fluids, — A  very  rapid  growth  of  leaves 

may  be  occasionally  noticed ;  thus,  the  leaf  of  Uraiiia  spect'osa  has  been  seen 

la  lengthen  at  the  rate  of  from  1^  to  3^  lines  per  hour,  and  even  as  much 

from  four  to  fire  inches  per  day.     It  is  doubtful,  however,  how  much  of 

result  may  be  attributed  to  the  formation  of  new  cells,  and  how  much 

le  to  the  enlargement  of  those  of  which  the  leaf  was  previonsly  com- 

d. 

354,  Soch  cells  as  those  now  described,  present  themselves  not  only  as 
e  constituents  of  those  simplest  Vegetable  organisms,  in  which  every  cell 
n  maintain  an  independent  existence ;  but  also  as  the  chief,  and  frequently 
#  sole,  components  of  fabrics  of  much  higher  rank,  and  of  much  greater 
rmplexity  of  structure.     Thus,  we  do  not  meet  with  any  other  forms  of 

!iie  than  those  referable  to  the  simple  Cellular  type,  in  any  of  the  Alg®, 

'  See  NjAgcli,  **Oii  tbe  fbrmritioa  of  Vegetable  Cells,*'  inth©  *^  Reports  and  Papers  on 

oUov/*  piiblislicd  bj  tbo  Rfvy  Society,  11*45  ftnd  1849  ;  alao  Molil'«  "Prjncipka  of  the 

iiU«my  nntl  Pliysiologj  of  tb«  Vegetable  Ceil,"  trauBbted  by  Mr.  Hcufrey  ;  and  Bniun 

*  EejaTenejcence,"  fubh^hed  b^  tho  Kny  Society  la  **EotaiiJciil  and  Pb^^siological 

DQu-f,  ■  1863. 
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Lichens,  Fangi,  or  Mosses :  whilst  in  Ferns  and  Flowering  Plants,  we  find 
this  tissae  not  merely  in  the  soft  substance  of  the  leaves,  flowers,  and 
fruits,  but  also  in  the  stem,  branches,  and  roots ;  uniformly  making  up  the 
chief  part  of  the  organs  most  actively  concerned  in  the  vital  operations, 
and  being  almost  the  sole  component  of  young  and  growing  structures. 
The  other  tissues — ^namely.  Woody  Fibre,  and  the  various  kinds  of  Vessels 
and  Ducts — may  all  be  considered  as  metamorphosed  cells ;  the  progressire 
stages  in  the  transformation  being  made  out  with  little  difficulty.  But  in 
undergoing  this  change,  they  seem  to  lose  some  of  the  distinguishing  attri- 
butes of  the  primary  type;  for  it  is  in  the  cellular  portions  of  the  Plant 
alone,  that  the  multiplication  takes  place,  whereby  new  parts  are  produced. 
In  all  the  more  highly-organized  forms  of  Vegetable  structure,  however,  the 
development  of  the  cells  that  are  to  form  the  more  permanent  parts  of*  the 
fabric,  and  the  multiplication  of  those  which  are  evolving  themselves  into 
new  organs,  take  place  at  the  expense  of  a  plastic  fluid  which  is  elaborated 
in  temporary  organs  expressly  set  apart  for  the  purpose ;  and  the  history 
of  this  elaboration  has  now  to  be  traced. 

355.  In  the  greater  number  of  Vascular  Plants,  there  is  no  doubt  that 
the  greatest  proportion  of  the  fluid  imbibed  into  the  system  is  derived 
from  the  soil  surrounding  the  roots ;  and  that  it  holds  in  solution  carbonic 
acid  and  ammonia,  from  the  combination  of  whose  elements  are  produced 
the  proximate  principles,  gum,  sugar,  albumen,  &c.,  at  the  expense  of 
which  the  tissues  are  generated.     It  would  seem  that  the  fluid  thus  absorbed 
is  in  all  plants  nearly  the  same,  under  corresponding  circumstances,  except 
as  regards  the  mineral  ingredients  of  the  soil  (§  120);  and  that,  provided 
this  contain  an  adequate  supply  of  the  above-named  compounds,  the  pre- 
sence of  organic  matter  in  it  is  not  peculiarly  favorable  to  growth.    Even 
in  the  roots,  however,  the  fluid  that  is  passing  upwards  through  the  axis  is 
found  to  contain  dextrine,  sugar,  and  vegetable  acids  ;^  and  during  its 
upward  ascent,  its  specific  gravity  still  further  increases,  and  the  quantity 
of  its  solid  components  becomes  sensibly  greater.     If  the  results  of  experi- 
ments and  observations,  however,  on  the  functions  of  the  leaves  (§§  268— 
271)i  be  duly  considered,  it  seems  difficult  to  avoid  the  conclusion,  that 
the  greatest  addition  to  the  materials  for  the  formation  of  the  solid  tissues 
of  plants  is  made  through  tJietr  agency  (or  by  that  of  other  leaf-like  sur- 
faces) ;  and  that  the  greater  part  of  the  process  of  conversion  of  the  oxy- 
gen, hydrogen,  carbon,  and  nitrogen,  obtained  by  the  plant  from  the  water, 
carbonic  acid,  and  ammonia,  which  it  imbibes,  into  organic  coinpounds,  is 
effected  by  their  instrumentality.     We  have  seen  that  of  the  water  takra  in 
by  the  roots,  a  large  proportion  must  necessarily  be  exhaled  by  the  leaves; 
since,  in  order  to  obtain  the  requisite  supply  of  the  matters  whidi  aw 
sparingly  dissolved  in  this  liquid,  the  plant  must  absorb  far  more  of  it  than 
it  can  apply  to  its  own  use.     Hence,  the  crude  sap  brought  to  the  kates 
undergoes  a  double  change ;  a  large  proportion  of  its  water  being  got  rid 
of,  whilst  a  great  addition  is  made  to  its  carbon ;  and  thus  a  great  increase 
is  presented  in  the  proportion  of  organic  compounds  which  the  "  proptf 
juices"  of  the  leaves  contain.     These  proper  juices  appear  to  furnish  the 
chief  part  of  the  pabulum^  at  the  expense  of  which  the  development  of  new 
parts  takes  place  in  every  part  of  the  organism ;  for  although  it  may  not  be 

1  It  is  inferred  by  Professor  Schleiden  and  his  followers  that  these  are  generated  bj 
the  tissues  among  which  the  liquid  is  diffused,  which  begin  to  exert  an  assiiiiilttiiig 
power  upon  the  crude  sap,  as  soon  as  it  is  brought  witliin  their  reach.  There  u* 
cogent  objections,  however,  to  such  an  hypothesis ;  and  the  fact  may  be  a«  well  ei- 
plained  in  another  way  ({  202). 
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distributed,  as  some  have  supposed,  by  any  regular  "descending  current" 
(§  202),  yet  it  is  impossible  to  account  for  the  large  quantity  of  additional 
carbon  taken  in  by  the  leaves,  unless  it  be  thus  applied,  since  it  is  certain 
that  these  organs  themselves  do  not  undergo  any  proportional  increase, 
during  the  period  when  they  are  most  actively  performing  the  function  of 
aeration. 

356.  That  a  marked  difference  exists  between  the  crude  ascending  sap 
whose  materials  are  supplied  by  the  roots,  and  the  *'  proper  juices"  whose 
formation  thus  seems  chiefly  to  depend  upon  the  leaves,  is  shown  in  a 
variety  of  ways.  Thus,  the  inhabitants  of  the  Canary  islands  tap  the  trunk 
of  the  Euphorbia  canariemis  and  obtain  a  refreshing  beverage  from  the 
ascending  current,  although  the  proper  juice  of  the  plant  is  of  a  very  acrid 
character.  The  phenomena  of  vegetable  parasitism  have  a  peculiar  interest 
when  viewed  v^-ith  reference  to  this  subject.  The  Phanerogamic  parasites 
may  be  arranged  under  two  groups ;  those  provided  with  leaves,  belonging 
for  the  most  part  to  the  order  Loranthacece  (or  mistletoe  tribe) ;  and  those 
which  are  destitute  of  leaves,  such  as  the  Cuscuta  (dodder),  Orobanche 
(broom-rape),  and  Lathraa  squamaria.  Now  the  plants  of  the  first  group 
may  be  regarded  as  natural  grafts,  organically  uniting  themselves  with  their 
Block ;  for  the  wood  and  bark  of  the  Mistletoe  grow  in  continuity  with  the 
wood  and  bark  of  the  tree  to  which  it  has  attached  itself,  although  the  line 
of  demarcation  between  the  two  may  be  seen  when  a  vertical  section  is 
carried  down  through  the  part  where  they  meet.  It  is  obvious  that  it 
must  receive  its  supply,  like  the  branches  of  the  stock  itself,  from  the  dtir- 
rent  of  sap  ascending  in  the  latter;  and  that  this  must  be  converted,  by 
the  elaborating  action  of  its  leaves,  into  the  materials  of  its  growth.  On 
the  other  hand,  the  leafless  parasites  attach  themselves  to  the  bark  alone, 
by  means  of  suckers  which  apply  themselves  to  its  surface,  or  of  fibres 
which  penetrate  into  its  substance ;  and  it  seems  obvious  that,  as  they  are 
not  able  to  elaborate  sap  for  themselves,  they  arc  dependent  for  their  sup- 
port, not  upon  the  crude  ascending  current,  but  upon  the  "  proper  juices" 
of  the  plants  on  which  they  live.  And  this  view  derives  confirmation  from 
the  fact,  that  whilst  the  leafy  parasites  will  grow  almost  indifferently  upon 
a  great  variety  of  trees,  their  ascending  sap  differing  but  little  in  quality, 
the  leajiess  parasites  are  much  more  limited  in  their  range ;  each  kind  being 
Qgnally  restricted  to  a  few  species  whose  **  proper  juices"  are  suitable  for 
its  support,  and  those  of  other  plants  not  being  adapted  to  its  nutriment. 

857.  The  leaves  of  the  higher  Plants  may  be  regarded,  then,  as  the  chief 
OMnmilaling  organs,  by  which  the  materials  are  prepared  for  Wi^  formative 
processes  that  take  place  in  different  parts  of  the  fabric;  the  essential 
pabulum  of  the  vegetable  tissues  being  the  protoplasma  (§  344),  containing 
saccharine,  gummy,  and  albuminous  matters  in  a  peculiar  state  of  combina- 
tion, which  is  found  in  all  rapidly  growing  parts,  and  from  which  it  is  pro- 
bable that  each  component  cell  of  these  tissues  can  elaborate  for  itself  the 
peculiar  compounds  which  it  is  destined  to  contain.  And  thus  it  happens 
that  the  growth  of  a  ''stock"  is  not  changed  from  its  natural  method,  by 
the  somewhat  different  quality  of  the  proper  juice  that  may  be  sup])lied  by 
the  leaves  of  a  "  graft ;"  nor  does  the  mistletoe  impart  any  of  its  peculiari- 
ties to  the  branch  of  the  tree  with  which  it  has  united  itself.  From  the 
Tery  same  pabulum,  the  wood  of  the  mistletoe  and  that  (e.  g.)  of  the  apple 
grow  after  their  respective  fashions ;  just  as,  in  tlic  different  parts  of  the 
mistletoe  itself,  the  wood  grows  after  one  pattern,  the  bark  after  a  second, 
the  leaves  after  a  third,  the  flowers  after  a  fourth,  and  the  fruit  after  a  fifth. 
Every  growing  part,  in  fact,  turns  to  its  own  account  the  ''pabulum"  which 
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it  receires,  and  forma  it  into  its  own  peculiar  tissues*  This  "  pabulum" 
appears  to  be  especiallj  diffused  through  aU  the  ceUuiar  portion  of  the 
fabric ;  and  it  is  in  this,  as  formerly  explained,  that  all  new  fonnation 
orlg^inates.  Thus,  we  find  new  lcaf*bnds  in  the  Exogmom  items  of  Bico- 
tyMons  (6  29)  developing  themselves  as  extensions  of  the  medullary  rays ; 
whilst  in  the  (so  called)  Endogenons  stems  of  Monocotyledon  a,  they  spring 
from  tbe  general  cellular  mass  of  the  axis;  and  in  the  cells  of  the  parts 
from  which  they  sprinpr,  we  usually  find  a  mnch  larger  aecamulatiois  of 
starchy  and  other  nutritious  materials,  than  could  ba  derh-ed  from  the  quan- 
tity of  ascending  sap  attracted  towards  them,  before  exhalation  is  actiTcly 
established  by  the  e3q>aasion  of  the  buds. 

35S.  The  addition  to  the  central  axis,  again,  is  effected  in  Dicotyledons 
by  the  continual  growth  and  transformation  of  the  camhium  la^er^  which 
intervenes  between  the  last  formed  layers  of  wood  and  bark.  The  cambium 
was  formerly  supposed  to  be  a  mere  glutinous  sap,  and  various  not  toes 
were  entertained  in  repird  to  the  mode  of  its  coaversion  into  the  new 
wood ;  but  it  is  now  quite  ascertained  that  the  cambium  is  really  a  mass  of 
young  cells  turgid  with  protoplasma,  and  that,  as  the  inner  layers  of  these 
are  converted  into  fibro-va.scular  bundles,  they  continue  to  increii^e  by  the 
muUiplication  of  cells  on  the  outer  side  ;  and  thus  there  is  an  absolute  con- 
tinuity of  growth  between  tlie  inner  and  outer  parts  of  the  axis,  althonch, 
from  the  vegetative  functions  being  periodically  su&peuded  in  trees  which 
cast  off  aU  their  leaves  at  once,  lines  of  demarcation  are  more  or  less  dis- 
tinctly left  between  the  portions  formed  at  successive  epochs.  Thus,  are 
produced  the  so  called  "annual  layers*4n  these  stems;  which  are  not»  how- 
ever, to  be  regarded  as  by  any  means  nniforfuly  indicating  the  number  of 
years  during  which  a  stem  or  branch  has  been  growing.  For  there  are 
many  trees  in  tropical  climates,  whose  leaves  are  thrown  off  and  renewed 
twice  or  fiven  thrice  in  every  year,  or  five  times  in  two  years ;  and  a*  the 
whoie  series  of  nutritive  operations  then  receives  a  check,  it  cannot  be 
doubted  that  a  new  line  of  demarcation  will  be  left  by  every  exuTiadoiL 
Even  in  temperate  climates,  the  same  thing  may  be  occasionally  obsemadi 
thus,  the  author  has  known  a  long  continuance  of  heat  and  diyness  in  the 
early  part  of  the  summer,  to  be  followed  by  tbe  entire  exuviation  of  tlie 
leaves  of  trees  growing  in  exposed  situations;  a  new  covering  of  \mxm 
making  its  appearaikce  within  a  few  weeks  afterwards.  And  teniponry 
checks  to  the  vegi!tatsvo  processes  may  arise  from  other  sources  j  thus,  the 
growth  of  the  larch*  which  naturally  thrives  in  cold  and  moist  situations,  is 
stopped  by  heat  and  dryness  ;  and  the  author  has  been  assnrcd  By  a  com- 
petent authority,  that  he  has  ascertajned  by  actual  observation  &at  two 
thin  layers  of  wood  have  been  fonned  by  larches,  instead  of  a  single  thick 
one,  when  the  nature  of  the  season  had  been  such  as  to  occasion  ft  pro- 
longed interruption.  On  the  other  hand,  iu  "evergreen"  trees,  in  wiiicli 
the  leaves  are  not  all  cast  off  at  once,  the  lines  of  demarcation  are  nscully 
much  less  distinct,  since  the  grovnh  of  the  cambium  layer  is  not  at  lay 
time  completely  stopped,  except  by  intense  cold.  As  the  additional  wwid 
is  always  developed  on  the  exterior  of  that  previously  formed,  it  is  obvious 
that  the  term  Exogenom  maybe  appropriately  applied  to 'this  mode  of 
growth ;  it  has  been  also  designated  as  growth  by  indefiniu  fibro>?aaeiilar 
bnndles-^On  the  otlier  hand,  in  the  stems  of  Monocotyledons,  the  flhm* 
vascular  bundles  once  formed  are  not  susceptible  of  increase,  and  they  art 
therefore  said  to  be  closed.  Hence,  the  new  bundles  are  not  developed  in 
eoutinnity  with  the  old,  but  take  their  origin  in  the  midst  of  that  part  <if 
the  cellular  mass  of  the  stem  which  is  in  closest  connection  with  the  new 
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leaves  ;  and  instead  of  extending  through  the  entire  axis,  so  as  to  augment 
its  diameter  from  the  extremities  of  the  branches  to  those  of  the  roots,  they 
pass  towards  its  exterior  at  no  great  distance  from  the  summit,  and  there 
terminate,  so  that  the  lower  part  of  the  stem  undergoes  no  augmentation. 
To  these  stems,  therefore,  the  term  Endogenous  cannot  be  justly  applied ; 
and  it  should  be  dropped  altogether. 

359.  But  besides  ministering  to  the  development  of  new  tissue,  the 
elaborated  sap  of  Plants  supplies  the  materials  for  the  production  of  that 
immense  variety  of  organic  compounds,  in  which  the  Vegetable  World  is 
80  rich ;  compounds  whose  use  in  the  economy  of  the  Plant  is  frequently 
bj  no  means  apparent,  but  whose  value  to  the  Animal  Creation  and  to 
Man  would  frequently  appear  to  be  the  sole  end  of  their  preparation. 
These  compounds  are  frequently  designated  as  Yegetable  Secretions;  but 
this  term  cannot  be  applied  to  them,  in  the  sense  in  which  it  is  used  in 
Animal  Physiology.  For  all  these  products  are  contained  and  stored  up 
in  cells,  which  continue  to  form  part  of  the  organized  fabric,  instead  of 
being  cast  forth  from  it  (§  394) ;  and  they  might  rather  be  compared  to 
the  fat  of  animals,  which  is  in  like  manner  separated  from  the  blood  by  the 
development  of  adipose  cells,  that  constitute  permanent  components  of  the 
organism.  Now  of  the  cause  of  the  immense  variety  of  these  products  that 
presents  itself  in  different  plants,  and  even  in  different  parts  of  the  same 
plant — ^the  fixed  and  volatile  oils,  resins,  gums,  coloring  matters,  alkaloids, 
acids,  &c.  &c. — no  other  account  can  be  given,  than  that  each  component 
cell  generates  its  own  peculiar  products,  at  the  expense  of  the  nutrient 
materials  supplied  to  all  alike,  just  as,  among  the  Unicellular  Plants,  each 
species  may  form  a  distinct  organic  compound.  Thus,  to  take  a  simple 
case,  in  the  petal  of  a  Heartsease  or  any  similar  parti-colored  flower,  one 
cell  forms  purple  coloring  matter,  while  another  in  close  proximity  with 
it  forms  red  coloring  matter ;  just  as  Protococci  and  Hcematococci^  grow- 
ing under  the  same  circumstances,  and  at  the  expense  of  the  same  inorganic 
compounds,  respectively,  generate  green  and  hlood-red  endochrome.  There 
are,  however,  certain  chemical  relations  between  these  compounds,  which 
become  of  peculiar  interest  when  taken  in  connection  with  the  fact,  that 
the  process  by  which  the  Plant  generates  them  all  out  of  the  water,  car- 
bonic acid  and  ammonia  which  supply  their  materials,  is  essentially  one  of 
deaxidation  ;  of  these  relations  a  general  account  will  now  be  given. 

(i.)  Commencing  with  the  Non-azotized  compounds,  which  may  be  re- 
garded as  formed  at  the  expense  of  water  and  carbonic  acid  alone,  we  find 
that  the  substances  in  whose  production  least  oxygen  would  have  to  be 
set  free,  are  the  stronger  Vegetable  Acids,  in  which  the  oxygen  exceeds  the 
hydrogen. 

OzaUo  acid  (dry). 
Qallio  acid .  .  . 
Tartaric  acid  .  . 
Malic  acid .  .  . 
Citric  acid  .  . 
Tannic  acid    .    . 

(n.)  The  next  group  is  formed  by  the  indifferent  Neutral  Compounds, 
which  take  the  largest  share  in  the  vegetative  operations.  These  invari- 
ably contain  hydrogen  and  oxygen  in  the  proportion  to  form  water ;  so  that 
they  may  be  theoretically  considered  as  formed  of  carbon -f  water,  the  whole 
of  the  oxygen  of  the  carbonic  acid  being  separated,  but  none  of  that  of 
the  water. 


Formala. 

Garb,  add  used. 

Water  used. 

Oxygt 

sn  separated. 

C,IIO« 

2( 

equiy. 

1 

equiv. 

1. 

equiy. 

C,  H,0, 

7 

8 

12 

C,  H.0„ 

8 

6 

10 

C,H,0„ 

8 

6 

12 

CaH,0„ 

12 

8 

18 

CisHX 

18 

8 

82 
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Formula.  Carb.  add  oied.  Waicrusad.  Ozjgao  sepantid. 

Cellulose  ....    C,.H,oO,o  12  equir.  10  eqair.  24  eqair. 

Starch       ....     C,aH„0^  12      "  10      "  24      " 

Cane-sugar    .     .     .     Cj,Hi,0„  12      ««  11      "  24      " 

Gum C,aH„0,i  12      "  11      "  24      *« 

Grape-sugar  (dry)  .    Cj^H^O^  12      ««  12      "  24      «« 

(m.)  A  third  group  consists  of  those  neutral  bodies — chiefly  bitter,  ctcrid, 
colored^  or  yielding  colors  with  ammonia — ^in  which  not  only  the  oxygen  of 
the  carbonic  acid  has  been  separated,  bat  also  a  part  of  that  which  forms 
water.  Such  bodies  are  very  numerous,  as  well  as  very  Tarioos  in  their 
characters:  the  following  are  among  the  most  diversified  examples;  the 
first  being  nearly  allied  to  sugar,  the  second  an  acrid  poison,  the  third  a 
pure  bitter,  the  fourth  a  gelatinizing  substance,  and  the  fifth  a  colored 
body. 

Formula.  Garb,  acid  xwed.  Water  used.  Oxyftn  aeparated. 

Mannite    .    .     .     .     C^  Hy  0^  6  equiv.  7  equir.  18  equir. 

Elaterine  ....     C^H^Og  20      "  14      «*  49      " 

Salicine     ....     CjjHjgO^  26      "  18      ««  66      •« 

Pectine     ....    CggH^Oj,  28      "  20      ««  60      •« 

HcBmatoxyUn     .    .     C^H^O^  40      "  17      ««  84      " 

(rv.)  From  these,  we  pass  to  the  Oxygenated  Volatile  Oils,  and  the  Vokh 
tile  Acids  related  to  them ;  the  latter  being  formed  from  the  former  by 
simple  oxidation,  and  approaching  the  resins  in  composition.  A  few  in- 
stances will  suffice. 

Formula.  Carb.  acid  umd.  Water  used.  Ozyg en  aepanted. 

Oil  of  Bitter  Almonds  C^^Ufi2  14  equiy.  6  equir.  82  equir. 

Benzoic  acid  .     .     .  C^^U^O^  14      "  0      •*  80      " 

Oil  of  Spirroa     .     .  Cj^H^O^  14      "  6      •«  80      «« 

Salicylic  acid      .     .  Cj^HjOg  14      "  6      ««  28      " 

Oil  of  Anise  .     .     .  C^HgO^  16      "  8      "  86      " 

Anisic  acid     .     .     .  Cj^HgO^  16      •*  8      "  84      " 

Oil  of  Cinnamon     .  C„HgOg  18      **  8      •«  42      " 

Cinnamic  acid     .     .  CigHgO^  18      "  8      •*  40      «* 

(v.)  Another  group  is  formed  by  the  Volatile  Oily  and  FaUy  Aeidit 
together  with  certain  bases  with  which  they  are  ordinarily  found  in  combi- 
nation— as  glycerine  and  the  oxides  of  ethyle,  amyle,  Ac. — such  compoonds 
being  the  sources  of  the  flavor  of  many  fruits. 

Formula.         Carb.  acid  used.       Water  ueed.  Oxjgen  ■epawtwl. 


Oxide  of  Ethyle  . 

.     C.H.O 

4  equiy. 

6  equir. 

12  equir. 

Glycerine    .     .     . 

.     C,H,0, 

6      •* 

4      " 

14     «' 

Butyric  acid    .     . 

.     C.IIgO, 

8      " 

8      " 

20      " 

Valerianic  acid    . 

•     C,oH,oO, 

10      " 

10      " 

26      •« 

Oxide  of  Amyle   . 

.     C    H   0* 

10      " 

11      " 

80     " 

Capric  acid     .     . 

.     C„H„0, 

20      " 

20      •* 

66      " 

^'^'«^^^"^S^^;^^}C3,U,,0,  84      "  84      "  1« 

(vi.)  The  next  group  includes  a  large  number  of  isomeric  and  polymeric 
Resins  and  Resinous  Acids,  in  which  little  oxygen  is  left ;  notwithstanding 
their  great  varieties  in  character,  there  is  a  remarkable  uniformity  in  com- 
position among  them. 

Formula.  Carb.  add  uied.       Water  uaed.  Oxygen  i 


Many  Resins  .     .     . 

C,oH,0 

10  equiv. 

7  equir. 

26  equir. 

Camphor    .... 

C,oH.O 

10      " 

8      ** 

27      •• 

Borneo  Camphor .     . 

C2uH,g0g 

20      ** 

18      •♦ 

66      " 

Many  Resins  .     .     . 

<^mHiA 

20      " 

14      " 

62      " 

Many  Resinous  Acids 

^Ko\ 

20      " 

15      " 

63      " 

Curb,  add  UMcL 

Water  need. 

5  equiv. 
10      " 

4  equir. 
8      " 

14  equiv. 
28      «• 

16      " 

12      «• 

42      " 
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(vn.)  The  last  group  consists  of  the  Carho-Hydrogens,  in  which  the 
whole  of  the  oxygen,  both  of  the  carbonic  acid  and  of  the  water,  has  been 
separated,  so  that  no  further  deoxidation  can  take  place.  Hence,  these 
compounds  are  very  permanent,  and  are  chiefly  altered  by  their  natural 
tendency  to  absorb  oxygen  under  favorable  circumstances. 

Formnla. 
Oil  of  Lemons,  &o. .     .    C^  H^ 
Oil  of  Turpentine,  &o. .    C  jgHg 
Oil  of  Juniper,  &o. .     .     ^yfii^ 

860.  It  is  supposed  by  Liebig,  that  oxalic  acid,  which  approaches  the 
nearest  of  all  these  organic  compounds,  as  regards  both  its  composition 
and  its  properties,  to  the  inorganic  bodies  which  furnish  its  components,  is 
that  which  is  first  formed,  and  the  other  acids  from  it ;  then  sugar,  starch, 
&c.y  from  the  acids;  bitter,  acrid,  and  colored  compounds  from  sugar, 
starch,  &c. ;  then  oxygenated  volatile  oils,  then  the  oily  and  fatty  acids, 
either  from  the  preceding  volatile  oils  or  from  sugar ;  then  the  resins,  from 
fats  or  from  sugar;  and  lastly  the  Carbohydrogcns.  And  this  view  seems 
favored  by  the  very  extensive  diffusion  of  these  acids,  which,  though  found 
in  large  quantities  only  in  certain  plants,  may  be  detected  in  small  quanti- 
ties in  a  great  variety  (§  202).  It  is  open,  however,  to  too  many  objec- 
tions, to  admit  of  being  received  as  a  more  than  ingenious  hypothesis.^ 
Many  of  the  substances  of  the  same  or  even  of  different  groups  may  be 
converted,  by  simply  chemical  processes,  one  into  another.  Thus  the 
neatral  bitter,  Salicine,  is  convertible  by  simple  oxidation  (effected  by  means 
of  the  action  of  dilute  sulphuric  acid  on  bichromate  of  potass  mingled  in 
its  solution)  into  the  fragrant  Oil  of  Spirasa  and  Grape-sugar;  this  change 
being  expressed  in  the  following  formula : — 

C.   H.    0. 

14      6      4    1  equiv.  Oil  of  Spirioa. 
12    12    12    1  equiv.  Grape  Sugar. 


C. 

H. 

0. 

1  Equiv. 

Salicine 

.    26 

18 

14 

2      " 

Oxygen 

.      0 

0 

2 

26    18      6 


26    18     16 


So  from  the  Hydrated  Oxide  of  Amyle  (an  oil-like  body  which  is  pro- 
duced during  the  distillation  of  alcohol  from  fermented  grain  or  potatoes), 
the  pungent  fetid  Yalerianic  acid  may  be  obtained,  by  treating  it  with 
hydrate  of  potass,  which  occasions  the  disengagement  of  two  equivalents 
of  hydrogen,  and  the  absorption  of  two  of  oxygen  from  the  atmosphere, 
as  follows : — 

C.    H.     0. 

1  eqniv.  Hydrated  Oxide  of  Amyle  .     10    12      2 

2  eqoiv.  of  Oxygen  added     ...      0      0      2 
2  eqviv.  Hydr.  anbtracted      ...      0  —  2      0 

10    10      4^1  equiv.  Valerianic  acid. 

It  will  be  observed  that  in  both  these  transformations  oxygen  is  absorbed; 
and  there  can  be  no  doubt  that  this  will  be  frequently  the  case,  although 
the  great  bulk  of  the  changes  which  take  place  in  the  act  of  vegetation  are 
of  the  opposite  character.  In  fact,  it  is  much  easier  to  oxidize  than  to 
deatidize  Organic  Compounds,  by  the  processes  of  ordinary  Chemistry; 
and  there  are  several  among  the  foregoing,  in  which  simple  exposure  to  air 
will  prodace  this  effect    The  carbo-hydrogens  and  the  essential  oils,  for 

>  «  Familiar  Letters  on  Chemistry,''  8d  edit.,  pp.  177,  178. 
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*-"*  ^p:.LT  ooaverted  into  resins,  unless  carefully  secluded  from 

>*  ^  •:  .".  ■  ;rs  of  loaves  and  flowers  are  produced  from  the  vellow 

•      *    i-^CAtion;  and  there  are  many  plants  with  fleshy  leaves, 

-"   i.    :?     y  an  oxidating  process  during  the  night,  these  being 

u  .  ^  'i  ■  T  d;iy. 

:.    i:  .:"  f.rmation  of  those  Azotized  compounds,  which  differ 

-  •   •:  1^.  r.o:  only  in  the  presence  of  an  additional  element,  but 

:.-  ;- .i::r  complexity  of  their  atomic  composition,  cannot  be 

■  :.-..":'i:  yet  there  are  certain  links  of  connection  between 

:i     '.'  •i.--j-:oiizod,  which  indicate  that  the  agency  whereby  they 

.:.'•:  >    :  :Iio  s;ime  general  nature.     Thus,  if  we  direct  our  atten- 

/.-.  i.-^:  ::>:;iaco  to  the  azotized  substances  which  contain  neither 

:  .-  ■  \  .syhorus.  and  whose  atomic  conii)osition  is  comparatively 

*     : : :  :J:.i:  they  nuH'  be  conceived  to  be  formed  by  a  process  of 

..'    I.     ::  .:  a  certain  number  of  equivalents  of  carbonic  acid,  water, 

•:  .!  d  .  i?  ia  the  following  examples  : — 


F'rmiiU. 

Curb.  Arid  u^cJ. 

Walcr  uiKxl. 

Amm.  UKd. 

Oxygen  »{»r. 

^-  xe 

^\  N,  "io<\ 

8 

4 

o 

12 

a."  *.%.' 

^■*,N   "r«»a 

40 

21 

1 

8l> 

v-.  N   IL 

10 

8 

1 

l»S 

-.'i 

v\;N   \\„i\ 

s.> 

17 

1 

81 

^\:^   "i2"« 

110 

*.» 

1 

4:) 

•..:vr 

.^-,11^0, 

44 

Iti 

«> 

KHj 

-.0 

^\Ni».i^». 

ao 

G 

»> 

00 

' n:  .:'  those  substances  (also  termed  Malamide),  which  occurs 
'  .V-i'oarairus  and  in  the  Mallow,  l)ut  which  is  also  found  in 

S...V.S  auii  etiolated  plants,  may  be  formed  artiflcially  from 
,  .    .:*  ammonia  (malic  acid -f  2  ammonia  +  2  water)  byde- 

.%;  equivalents  of  its  water  of  crystallization,  as  thus: — 

vVt/V  2NII,.  2  IIO  =  C,NVI,oO,+  2  HO 
>lA.ute  uf  Ainnionia.       Miilnmido. 


7  V  >   i'»    • 


v**.vplo  of  the  class  of  bodies  termed  amides,  which  are 

" -.lation  of  2  equivalents  of  water  from  neutral  or  acid 

.;■  i:umonia  in  union  with  organic  acids,  and  which  seem 

-^-n  •     "^  ::v.iH^riant  part  in  Organic  Chemistry. — Tlielast  of  these 

^  J^  *v  ,x\  •  V  •'•^^'^  \iM^d,  is  at  present  known  only  as  an  artificial  pro- 

*"     '^>  x^  -•;*:.•"*  s»r*^  ^^  ^^^^^  ^^  ^^^®  vegetable  alkaloids,  that  it  can 

'^^^    ^iv  »v4:':.>i  that  they  arc  generated  in  a  manner  essentially  the 

'^^^'^  Vni»J  J-^**  •*  troated  with  sulphuric  acid,  an  oily  substance  termed 

**'■      vh(*«  '.'^'^"•^**  **  CuII«Oe  may  be  distilled  over ;  and  when  this  is 

'""^T     \c  ?.^i>'"'  ^^^^  ammonia,  it  forms  a  neutral  crystalline  com- 

^*^U^Wffii»»^-  three  equivalents  of  water  being  parted  with,  as 

r. ('         '^'  '  CttH.O.+  NH,=  C,.neNO,+  3  110. 

Icesih  ^m^'^  ' ^ ' 

their  g  Nrfiwl-  Furfurolmuide. 

position  lutote"*^  ^  dissolved  in  hot  potash,  it  is  transformed, 

Many  1, 

Cnrnphor 

Borneo  C 


Many  Rcsiii<>  «.i  ^^nA 


Mnny  Rcsi-  #,i^f«iMe  •''"'*^**^  ^^  ^^^  general  characters,  and  has  the 

"  iT^Tridmine  measure  also  (it  is  asserted)  of  its  medi- 
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cinal  powers.  It  is  peculiarly  interesting  to  remark  that,  in  this  last  trans- 
formation (as  in  the  like  transformation  of  3  equivalents  of  Oil  of  Bitter 
Almonds  +  2  Ammonia  into  1  Hydrobenzamide  +  6  Water,  and  in  the 
metamorphosis  of  this  neutral  Hydrobenzamide,  by  boiling  in  caustic  pot- 
ash, into  the  powerful  organic  base  Anmrine),  there  is  an  approach  to  that 
wonderful  process  of  building  up  complex  atoms  or  molecules  from  such  as 
are  less  complex,  which  the  Chemist  had  previously  found  beyond  his 
powers — such  artificial  transformations  as  he  could  effect,  having  consisted 
in  the  resolution  or  breaking  up  of  the  complex  natural  compounds  into 
others  more  simple. 

362.  Hence,  then,  we  are  naturally  led  to  believe  that  the  production  of 
those  most  complex  Azotized  compounds,  into  which  Sulphur  also  enters 
in  definite  proportions,  and  for  which  the  presence  of  Phosphorus  also  is 
necessary  (though  it  is  not  yet  certain  whether  it  is  required  as  a  mate- 
rial constituent,  or  whether  its  influence  only  is  needed),  is  accomplished 
by  agencies  of  a  nature  similar  to  those  which  are  operative  in  the  preced- 
ing cases.  The  very  smallest  number  of  equivalents  whose  presence  is  in- 
dicated by  analysis  in  a  molecule  of  Vegetable  Albumen,  is  216  Carbon, 
169  Hydrogen,  27  Nitrogen,  2  Sulphur,  68  Oxygen.  This  formula  may 
be  deduced  either  from  the  inorganic  compounds  already  mentioned,  with 
the  addition  of  sulphuric  acid,  or  from  the  formula  of  sugar,  with  ammonia 
and  sulphuric  acid ;  oxygen  alone  being  expelled  in  the  first  case,  and  oxy- 
gen and  water  in  the  second.     Thus : — 

Albumen. 

Garb.  Add.    Water.  Anim.    Sulpb.  Add.        4 ' »    Oxygen. 

216    -h  88  +  27  +        2        =  C„.U,e,N„SjOe8+458. 

Or,  supposing  sugar  to  be  first  formed : — 

Carb.  add.       Water.  Sagar.  Oxygen. 

216    +     216  =  18  (C^HjjO.j)    -f-    432 

Albumen. 

Sugar.  Arom.  Sulph.  Ac    , • *     Water.    Oxygen. 

18  (C^H,,0,,)  4-27  +  2    =    C„«H,„N„S,0e8+  128  +  16 

Thus,  we  perceive  that  in  these  higher  and  more  recondite  changes,  as  in 
those  lower  operations  which  fall  more  readily  within  our  comprehension, 
the  power  of  deoxidation  which  the  vegetable  cell  has  such  a  remarkable 
power  of  exerting,  is  intimately  allied  with  the  building  up  of  complex  atoms; 
and  in  proportion  as  Chemists  find  themselves  able  to  imitate  the  Vegetable 
processes,  instead  of  being  restricted  to  the  coarser  methods  of  the  ordinary 
UboTatory,  wOl  they  probably  succeed  in  elaborating  the  same  chemical 
prodncts ;  although  Vitality  alone  can  impress  upon  them  those  peculiar 
characters,  which  prepare  them  for  being  appropriated  as  materials  for  the 
constmction  of  the  organized  fabric. 

868.  Thus,  then,  as  has  been  well  remarked  by  Prof.  Gregory,*  we  see, 
thai  "Vegetables  cannot  possibly  grow  and  form  seeds,  without  at  the 
flame  time  producing,  as  parts  of  their  constructure,  the  food  of  Animals 
in  its  two  great  forms ;  non-nitrogenous  and  respiratory  food,  namely,  starch, 
>ng<ur,  gum,  and  oils ;  and  nitrogenous,  plastic,  and  sanguigenous  food, 
namely,  albumen,  fibrin,  and  casein.  The  former,  which  do  not  enter  into 
the  formalion  of  blood — save,  to  a  small  extent,  oils  or  fats — ^may  exist  free 
ftom  aahes  or  mineral  matter,  although  these  are  necessary  to  their  produc- 

I  *<  Handbook  of  Organic  Chemistry,"  p.  483.  It  is  chiefly  from  the  excellent  section 
of  that  treatise,  '*  The  nutrition  of  Plants  and  Animals,"  that  the  materials  of  the 
fiwr  preceding  paragraphs  have  been  derived. 
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tion ;  but  the  latter  cannot  exist  without  containing  (at  all  events)  phosphates. 
And  thus,  by  the  beautiful  arrangement  which  renders  albumen,  fibrin,  and 
casein  indispensable  to  the  development  of  plants,  and  to  the  production 
even  of  starch,  sugar,  and  fat ;  and  which  has  rendered  the  presence  of 
phosphates  indispensable  to  the  eifistence  of  albumen,  fibrin,  and  casein ; 
vegetables  cannot  grow,  nor  produce  the  plastic  food  of  animals,  or  that 
which  yields  blood,  without  at  the  same  time  supplying  to  animals  the  earthy 
matter  required  for  their  bones,  and,  in  a  smaller  proportion,  for  the  blood 
and  all  the  tissues.  If  albumen,  &c.,  could  be  formed  without  phosphates, 
or  even  if  blood  and  muscle  could  exist  without  phosphates,  still,  animals 
could  not  exist  or  be  formed  wfthout  bone-earth.  As  it  has  been  arranged 
with  perfect  wisdom,  however,  the  mere  fact  that  a  Plant  has  grown,  neces- 
sarily implies  that  it  contains  the  materials  required  to  support  animal  life ; 
provided,  of  course,  it  be  not  a  poisonous  plant,  though  probably  there  is 
no  plant  which  may  not  serve  as  food  for  some  animal." 

364.  There  is  one  of  the  above-named  organic  compounds,  which  is  so 
peculiarly  related  tS  the  vital  operations  of  the  economy,  as  to  require 
special  notice.    This  is  Starch,  a  substance  very  universally  diffused  throagli 
the  Vegetable  kingdom.     When  removed  from  the  plant,  Starch  exists  in 
the  form  of  minute  granules,  presenting  great  diversities  of  figure  fuid  di- 
mension ;  but  having,  for  the  most  part,  a  limit  of  size,  and  a  characteristic 
aspect,  in  each  tribe  of  plants,  by  which  its  source  may  frequently  be  deter- 
mined.    Each  granule,  when  examined  by  the  microscope,  is  seen  to  be 
marked  by  numerous  lines,  usually  having  more  or  less  of  a  concentric  ar- 
rangement ;  and  by  the  use  of  reagents,  it  may  be  shown  to  have  a  vesicn- 
lar  character,  the  lines  just  mentioned  being  the  result  of  plaitings  or  fold- 
ings which  the  wall  of  the  vesicle  has  undergone.^    Several  such  granules, 
of  different  sizes,  are  usually  found  within  one  cell ;  and  it  seems  probable 
that  they  are  formed  by  successive  additions  to  their  substance,  by  imbibi- 
tion through  the  outer  layer  of  the  vesicle ;  since  the  interior  is  occupied  by 
matter  of  more  fluid  consistence.     When  exposed  to  the  heat  of  about  160°. 
the  starch-grain  bursts,  and  the  inner  layers  are  readily  dissolved  by  water; 
and  this  is  the  explanation  of  the  fact  that  starch  once  dissolved  in  hot 
water  can  never  be  restored  to  its  original  form.     In  composition,  starch  is 
very  closely  related  to  gum  and  cellulose ;  and  it  may,  in  fact,  be  regarded 
as  a  store  of  nutritive  matter,  which  has  undergone  such  an  alteration  that 
it  can  be  kept  apart  from  the  surrounding  juices,  and  can  thus  be  reserved 
for  some  special  purpose.     Thus,  we  find  it  stored  up  in  the  seeds  of  most 
species,  either  forming  a  separate  ''albumen,"  as  in  the  Grasses,  or  taken 
into  the  structure  of  the  embryo,  and  constituting  the  mass  of  the  fleshy 
cotyledons,  as  in  the  Leguminoste,  &c. ;  in  each  of  these  cases  it  serves  as  a 
magazine  of  food  for  the  nutrition  of  the  embryo,  previously  to  the  develop- 
ment of  those  organs  which  enable  it  to  maintain  an  independent  existence. 
Similar  reservoirs  are  occasionally  formed  by  the  enlargement  of  the  stem 
into  tubers,  for  the  nutrition  of  the  buds  to  be  developed  from  them,  as  in 
the  Potato,  Arrowroot-plant,  &c. ;  or  by  the  accumulation  of  the  same  ma- 
terial in  fleshy  roots,  bulbs,  &c.,  from  which  stems  rapidly  grow  up.     Starch 
is  also  found  abundantly  in  the  soft  interior  (improperly  called  pith)  of  the 
stem  of  the  Sago-Palm  and  other  Monocotyledons,  where  it  seems  destined 
to  assist  the  evolution  of  the  young  leaves ;  and  in  the  fleshy  expansions  of 

>  See  Busk  "On  the  Structure  of  the  Starch-Granule,"  in  ** Transact,  of  Mieroao. 
Soc."  New  Series,  vol.  i.  p.  68. 
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the  flower-stalk  (termed  receptacles)  ;  on  which,  in  many  orders,  the  flower 
is  situated,  and  in  which  it  seems  to  answer  a  corresponding  purpose. 

365.  In  all  these  cases,  the  immediate  end  of  the  accumulation  of  Starch 
is,  that  it  may  be  ready  for  the  nutrition  of  the  growing  body  before  this  is 
capable  of  obtaining  food  for  itself;  and  it  may  be  observed  that  the  deposit 
continues  to  increase  as  long  as  the  plant  is  in  active  vegetation — arrives  at 
its  maximum — and  then,  remaining  stationary  during  the  winter,  begins  to 
decrease  in  the  spring.  The  deposition  of  Starch  fulfils,  therefore,  an  ob- 
vious purpose  in  the  Vegetable  economy ;  but  we  cannot  doubt  the  wise 
and  benevolent  intention  of  the  Creator,  in  thus  providing  a  store  of  nutri- 
tious and  palatable  food  for  man,  in  situations  whence  he  can  so  easily 
obtain  it ;  and  it  is  interesting  to  remark  that,  as  it  almost  always  exists  in 
an  insulated  form,  it  may  be  obtained  in  a  state  of  purity  from  many  vege- 
tables which  would  otherwise  be  very  poisonous.  Before  it  can  be  applied 
to  the  nutrition  of  the  plant,  however,  its  condition  must  be  altered.  Thus, 
in  the  germination  of  seeds,  it  is  converted  into  sugar ;  the  same  change 
takes  place  in  the  tuber  of  the  potato,  during  the  evolution  of  its  buds ; 
and  during  the  period  of  flowering,  the  starch  previously  deposited  in  the 
receptacle  undergoes  a  similar  transformation  (§  274).  This  conversion  is 
a  process  which  the  chemist  can  imitate ;  for  if  the  fecula  be  first  heated, 
BO  that  its  vesicles  are  ruptured,  and  it  be  then  treated  with  dilute  sulphuric 
acid,  it  is  converted  into  sugar;  and  the  salivary  matter  of  animals  possesses 
the  same  converting  power  in  a  remarkable  degree  (§  163).  The  change 
18  effected  in  the  Vegetable  economy  by  the  operation  of  an  azotized  secre- 
tion called  dicutase;  which  seems  to  be  formed  for  the  express  purpose,  and 
which  may  be  obtained  in  a  separate  state,  either  from  malt,  or  from  the 
ndghborhood  of  the  ''  eyes"  or  buds  of  the  potato,  producing  the  same 
effiBCts  in  the  laboratory  of  the  Chemist,  as  in  the  Vegetable  economy.  Its 
operation  is  really  that  of  a  "ferment;"  for  the  conversion  of  starch  into 
sugar  is  dependent  upon  an  incipient  decomposition  of  the  diastase,  which, 
when  it  proceeds  further,  excites  the  alcoholic  fermentation  in  the  saccharine 
product  And  the  liberation  of  carbonic  acid  appears  due  to  the  necessity 
for  getting  rid  of  the  excessive  proportion  which  the  carbon  of  starch  bears 
to  its  oxygen  and  hydrogen,  as  compared  with  that  which  exists  in  sugar. 
For— 

12  equiv.  Starch  =sC^^^U^^0^2[^ 


Excess  of  Carbon  in  Starch    .     24 

A.n  extrication  of  carbonic  acid  seems  to  take  ^lace  wherever  this  meta- 
morphosis occurs  (§  274) ;  and  it  is  probable  that  the  secretion  of  diastase 
is  eqnaJIy  general. 

3.  Nutrition  in  Animals, 

866.  In  tracing  the  gradual  incorporation  of  the  alimentary  materials 
ngested  by  Animals,  into  their  organized  fabric,  it  will  be  convenient  to 
pre  our  first  attention  to  the  cases  in  which  so  wide  an  interval  exists  be- 
.ween  the  points  at  which  nutriment  is  absorbed  and  those  at  which  it  is 
appropriated,  that  we  are  able  to  trace  a  gradual  metamorphosis  in  the 
•omponents  of  the  nutritive  fluid,  whereby  it  is  assimilated  in  nature  to  the 
issues,  whose  formative  operations  are  performed  at  its  expense.  The 
lotritive  materials  prepared  by  the  Digestive  process,  arc  taken  into  the 
irculation  of  Vertebrated  animals,  as  already  shown  (Chap.  IV.),  through 
25 
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two  distinct  channels,  the  Bloodvessels  and  the  Absorbents.     Now  all  the 
veins  which  are  formed  by  tlie  reunion  of  the  capillaries  of  the  gastro-intes- 
tinal  canal,  converge  into  the  Veiia  PorttB,  which,  like  an  artery,  distributes 
the  blood,  thus  charged  with  crude  materials  to  the  secreting  apparatus  of 
the  Liver.     It  was  formerly  supposed  that  the  agency  of  that  gland  was 
limited  to  the  elimination,  from  the  blood  subjected  to  its  influence,  of  the 
materials  of  the  biliary  secretion  ;  but  there  is  now  ample  evidence  that 
the  blood  itself  is  changed  by  its  means,  in  a  manner  that  indicates  an 
assimilating^  as  well  as  a  depurating  action.     One  of  the  most  important 
of  these  changes,  is  the  assimilation  of  that  crude  albuminous  product, 
recently  distinguished  as  **  albumiriose,"  which  is  formed  by  the  solution  of 
albumen,  fibrin,  casein,  &e.,  in  the  alimentary  canal.    This  product,  as  was 
long  since  remarked  by  Dr.  Prout,*  is  deficient  in  some  of  the  most  charac- 
teristic properties  of  true  Albumen  ;  for  it  is  scarcely  coagulated  either  by 
heat  or  by  nitric  acid,  and  it  freely  transudes  through  organic  membranes 
which  entirely  check  the  passage  of  the  latter.     It  is  found  abundantly  in 
the  blood  of  the  mesenteric  vein  during  digestion,  wliilst  it  does  not  present 
itself  in  that  of  the  hepatic  vein  ;  so  that  we  may  infer  that  it  is  converted 
into  true  blood-albumen  in  its  passage  through  the  liver.     That  an  assimi- 
lating power  is  exerted  by  the  Liver  on  albuminous  substances,  is  further 
indicated  by  the  fact  ascertained  by  M.  CI.  Bernard,  that  if  a  solution  of 
c^^  albumen  be  injected  into  any  part  of  the  systemic  circulation,  albn- 
mcn  speedily  makes  its  appearance  (like  other  soluble  substances  which  are 
foreign  to  the  body)  in  the  urine ;  but  that  if  the  same  substance  be  injected 
into  the  vena  portaj,  it  does  not  show  itself  in  the  urine,  being  apparently 
incorporated  with  the  blood  by  the  agency  of  the  liver.     It  is  now  certain, 
too,  that  the  liver  elaborates  from  some  other  constituents  of  the  blood  i 
saccharine  compound  (liver  sugar),  which  is  destined  for  immediate  elimi- 
nation by  the  lungs,  and  which,  being  much  more  readily  carried  off  by  the 
respiratory  process  than  either  grai)e  sugar  or  cane  sugar,  may  be  regwrded 
as   its  most  appropriate  pabulum."     Moreover,  the  liver  converts  grape 
sugar  and  cane  sugar — absorbed  by  the  tributaries  of  the  vena  portse,  and 
brought  to  it  by  the  blood  current — into  the  form  of  "liver  sugar," of 
whose  i)resencc  the  blood  is  much  more  tolerant ;  for  whilst  the  injection 
of  a  small  quantity  of  cane  sugar  into  the  general  circulation  renders  the 
urine  saccharine,  no  less  than  240  times  as  much  liver  sugar  may  be  thus 
introduced  without  i)roducing  the  same  effect ;  whilst  if  the  cane  sugar  be 
injected  into  the  vena  portai,  so  much  larger  a  quantity  may  be  introduced 
without  making  the  urine  saccharine,  that  it  must  obviously  have  been 
converted  in  i)assing  through  the  liver.'      Further,  it  appears  firom  M. 
Bernard's  researches,  Wmi  fatty  matters  are  elaborated  in  the  liver,  from 
saccharine  or  some  other  constituents  of  the  blood  ;  so  that  even  when  to 
fat  can  be  detected  in  the  blood  of  the  vena  portoe,  that  of  the  hepatic  van 
may  contain  a  considerable  amount  of  it.     A  portion  of  this  fat  may  be 
destined  to  immediate  elimination  in  the  lungs ;  but  if  the  supply  thit 
should  be  introduced  by  the  lacteals  be  deficient,  it  would  doubtless  be 
made  subservient  to  the  formative  processes.     Lastly,  it  has  been  obserwd 
by  Prof.  E.  H.  Weber,  that,  during  the  last  three  days  of  incubation  of  the 

»  **  Bridge  water  Treatise,"  3d  edit.,  p.  444. 

2  Sec  the  Lectures  of  M.  CI.  Bernard  on  the  "  Functions  of  the  Liver,"  deliTered  be- 
fore the  College  de  France,  and  published  in  "LTnion  Mddicale."  for  1850;  aD<l  kii 
Memoir  entitled  "  Nouvelle  Fonction  du  Foie,  consid<>re  comme  Organe  ppoducteurdc 
Matil-re  Sucree  ehez  rilommc  et  chez  les  Aniniaux,'*  18o8. 

*  See  Magendie  in  *'L'Unioii  Medicale,"  for  1841),  Nos.  72,  75,  79. 
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chick,  the  liver  is  made  briglit  yellow  by  the  absorption  of  the  yolk,  which 
fills  and  clogs  all  the  minute  branches  of  the  portal  veins;  and  that  in  time, 
the  materials  of  the  yolk  disappear,  part  being  develojied  into  biood-cor- 
pusdes  and  other  constituents  of  blood,  which  enter  the  circulation,  and 
the  rest  forming  bile,  and  being  discharged  into  the  intestines.*  There  is 
no  evidence,  however,  that  blood-corpuscles  are  thus  generated  in  the  liver 
daring  later  life. — Thus,  we  may  look  upon  the  Liver  as  an  assimilating 
organ  of  very  comprehensive  endowments ;  being  the  seat  of  the  elabora- 
tion of  albumen,  of  the  generation  of  fatty  matter,  and  (under  certain  cir- 
camstances  at  least)  of  the  production  of  red  corpuscles,  which  are  three  of 
the  most  important  elements  in  the  preparative  stages  of  the  nutrient 
process;  and  being  further  capable  of  ])reparing  the  blood  most  advanta- 
geously for  the  function  next  in  importance,  the  generation  of  heat. 

367.  We  have  now  to  inquire  what  arc  the  changes  which  the  Chyle 
absorbed  into  the  Lacteal  system  nndergoes,  during  its  progress  from  the 
walls  of  the  intestines  to  the  Thoracic  Duct.  The  fluid  drawn  from  the 
laeteals  that  traverse  the  intestinal  walls,  has  no  power  of  spontaneous 
coagulation ;  whence  we  may  infer  that  it  contains  little  or  no  fibrin.  It 
contains  albumen  in  a  state  of  complete  solution,  as  we  may  ascertain  by 
the  influence  of  heat  or  acids  in  producing  coagulation.  And  it  includes  a 
quantity  of  fatty  matter,  which  is  not  dissolved,  but  is  suspended  in  the 
form  of  globules  of  variable  size.  The  quantity  of  tiiis  evidently  varies  with 
the  character  of  the  food ;  it  is  more  abundant,  for  instance,  in  the  chyle  of 
Man  and  of  the  Carnivora,  tiian  hi  tiiat  of  the  Herliivora.  It  was  formerly 
supposed  that  the  milky  color  of  the  chyle  is  owing  entirely  to  its  oil-glo- 
bales;  but  Mr.  Gulliver  has  pointed  out  that  it  is  really  due  to  an  ininicnso 
mnltitade  of  far  more  minute  particles,  which  he  has  described  under  the 
name  of  the  molecular  base  of  the  chyle.  These  molecules  are  most  abimdant 
in  rich,  milky,  opaque  chyle ;  whilst  in  poorer  chyle,  which  is  semi-transpa- 
rent, the  particles  float  separately,  and  often  exhibit  the  vivid  motions  com- 
mon to  the  finely-divided  molecules  of  various  substances.  Such  is  their 
minuteness,  that,  even  with  the  best  instruments,  it  is  impossible  to  deter- 
mine either  their  form  or  their  dimensions  with  exactness ;  they  seem,  how- 
CTer,  to  be  generally  spherical ;  and  their  diameter  may  be  estimated  at 
between  l-36,000th  and  l-24,000th  of  an  inch.  As  they  are  readily  soluble 
in  ether,  there  would  seem  to  be  no  doubt  of  their  oleaginous  nature  ;  but 
it  appears  probable  that  each  of  them  is  surrounded  with  that  thin  niem- 
branoid  film,  which,  as  first  pointed  out  by  AsclierSon,  is  formed  whenever 
oily  and  albuminous  matters  are  brought  into  contact. — No  other  particles 
than  these  are  observable  in  the  chyle  drawn  from  the  laeteals  near  the  villi ; 
but  after  the  fluid  has  passed  through  the  Mesenteric  glands,  it  exhibits 
Tery  marked  changes.  The  presence  of  fibrin  (which  must  have  been  formed 
at  the  expense  of  the  albumen)  now  begins  to  declare  itself,  by  the  sponta- 
neous coagulation  of  the  fluid ;  the  quantity  of  molecules  and  larger  oily 
particles  diminishes,  perhaps  by  their  passage  into  the  blood  when  the  two 
fluids  are  brought  into  close  relation  in  the  mesenteric  glands ;  and  a  set  of 
peculiar  floating  cells  or '*  chyle-corpuscles"  now  for  the  first  time  make 
their  appearance.  The  average  diameter  of  these  is  about  1-4, 600th  of  an 
inch;  but  they  vary  from  about  1-7, 000th  to  1-2, 600th— that  is,  from  a 
diameter  about  half  that  of  the  human  blood-corpuscles,  to  a  size  about  a 
third  larger.  This  variation  probably  depends  in  great  part  upon  the  period 
of  their  growth.     They  are  usually  minutely  granulated  on  the  surface, 

»  Henlc  and  Pfeufer's  "  Zcitschrift,'*  1S4G. 
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seldom  exhibiting  any  regular  nnelei,^even  when  treated  with  acetic  acid; 
bat  three  or  four  central  particles  may  sometimes  be  distingaished  in  the 
larger  ones.  These  corpuscles  are  particularly  abundant  in  the  chyle  ob- 
tained by  puncturing  the  mesenteric  glands  themselves ;  and  it  would  seem 
not  improbable,  that  they  are  identical  with  the  spherical  nucleated  parti- 
cles, which  are  so  copiously  developed  within  the  dilated  lacteal  tubes  in 
their  course  through  those  bodies  (§  184).  The  glandular  character  of  these 
cells,  and  their  continued  presence  in  the  circulating  fluid,  seem  to  indicate 
that  they  have  an  important  concern  in  the  process  of  Assimilation.  It  is 
only  in  the  Chyle  which  is  drawn  from  the  lacteals  intervening  between  the 
mesenteric  glands  and  the  receptaculum  chyli,  that  the  spontaneous  coagn- 
lability  of  the  fluid  is  so  complete,  as  to  produce  a  perfect  separation  into 
clot  and  serum.  The  former  is  a  consistent  mass,  which,  when  examined 
with  the  microscope,  is  found  to  include  many  of  the  chyle-corpuscles,  each 
of  thpm  surrounded  with  a  delicate  film  of  oil ;  the  latter  bears  a  close  re- 
semblance to  the  serum  of  the  blood,  but  has  some  of  the  chyle-corpuscles 
suspended  in  it.  Considerable  differences  present  themselves,  however,  both 
in  the  perfection  of  the  coagulation,  and  in  its  duration.  Sometimes  the 
chyle  sets  into  a  jelly-like  mass ;  which  without  any  separation  into  coagn- 
lum  and  serum,  liquefies  again  at  the  end  of  half  an  hour,  and  remabs  in 
this  state.  The  coagulation  is  usually  most  complete  in  the  fluid  drawn 
from  the  receptaculum  chyli  and  thoracic  duct ;  and  here  the  resemblance 
between  its  floating  cells,  and  the  white  or  colorless  corpuscles  of  the  blood, 
becomes  very  striking. 

368.  The  Lymph^  or  fluid  of  the  Lymphatics,  sensibly  differs  from  the 
Chyle  in  its  comparative  transparency ;  its  want  of  the  opacity  or  opales- 
cence which  is  characteristic  of  the  latter,  being  due  to  the  absence,  not 
merely  of  oil-globules,  but  also  of  the  ''  molecular  base.''    It  contains  float- 
ing cells,  which  bear  a  close  resemblance  to  those  of  the  Chyle  on  the  one 
hand,  and  to  the  colorless  corpuscles  of  the  Blood  on  the  other ;  and  Uiese, 
as  in  the  preceding  case,  are  most  numerous  in  the  fluid  which  is  drawn 
from  the  lymphatics  that  have  passed  through  the  glands,  and  in  that  ob- 
tained from  the  glands  themselves.     Lymph  coagulates  like  chyle ;  a  color- 
less clot  being  formed,  which  incloses  the  greater  part  of  the  corposcles. 
The  chief  chemical  difference  between  the  Chyle  and  the  Lymph,  consists 
in  the  much  smaller  proportion  of  solid  matter  in  the  latter,  and  in  the 
almost  entire  absence  of  fat,  which  is  an  important  constituent  of  the  former. 
This  is  well  shown  in  the  following  comparative  analyses,  performed  by  Dr. 
G.  0.  Rees,'  of  the  fluids  obtained  from  the  Lacteal  and  the  Lymphatic 
vessels  of  a  donkey,  previously  to  their  entrance  into  their  thoracic  duct; 
the  animal  having  had  a  full  meal  seven  hours  before  its  death. 

Chyle,  I'fl^ 

Water 90.287  90.686 

Albuminous  matter  (coagulablc  by  heat)      .        .        .  8.616  1.200 

Fibriuous  matter  (spontaneously  ooagulable)        .        .  0.870  0.120 

Animal  extractive  matter,  soluble  in  water  and  alcohol  0.832  0.240 

Animal  extractive  matter,  soluble  in  water  only  .        .  1.283  1.819 

Fatty  matter 8.601  a  tnee. 

Salts; — Alkaline  chloride,  sulphate,  and  carbonate,  with 

traces  of  alkaline  phosphate,  oxide  of  iron        .        .  0.711  0.585 


100.000         100.000 
The  Lacteals  may  be  regarded  as  the  Lymphatics  of  the  intestinal  walls  aad 
>  "Medical  Gazette,"  Jan.  1,  1841. 
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mesentery ;  for  the  fluid  which  they  contain  during  the  intervals  of  diges- 
tion, is  in  all  respects  conformable  to  the  lymph  of  the  lymphatic  trunks. 

869.  Thus,  by  the  admixture  of  the  aliment  newly  introduced  from  with- 
out, with  the  matter  which  has  been  taken  up  in  the  various  parts  of  the 
system,  and  by  the  elaboration  which  these  undergo  in  their  course  towards 
the  Thoracic  Duct,  a  fluid  is  prepared  which  bears  a  strong  resemblance  to 
Blood  in  every  particular,  save  the  presence  of  red  corpuscles.  Even  these, 
in  a  state  of  incipient  development,  may  sometimes  be  found  in  the  con- 
tents of  the  thoracic  duct,  in  sufiicicnt  amount  to  communicate  to  them  a 
perceptibly  reddish  tinge.  The  fluid  of  the  thoracic  duct  may  be  compared 
to  the  blood  of  Invertebrated  animals ;  from  which  the  red  corpuscles  are 
almost  or  altogether  absent,  but  which  contains  white  or  colorless  corpus- 
cles ;  and  whose  coagulating  power  is  comparatively  slight,  in  consequence 
of  its  small  proportion  of  fibrin.  And  we  hence  sec,  why  these  animals 
should  require  no  special  absorbent  system ;  since  the  bloodvessels  convey 
a  fluid,  which  is  itself  so  analogous  to  the  chyle  and  lymph  to  be  absorbed, 
that  the  latter  may  be  at  once  introduced  into  it,  without  injuring  its  quali- 
ties. The  elaboration  of  this  fluid  in  the  Yertebrata  would  seem  most  pro- 
bably due  to  the  assimilating  agency  of  the  cells  contained  within  the 
absorbent  glandulss,  and  of  those  which  float  in  it  during  its  passage  through 
the  vessels ;  and  we  may,  in  fact,  regard  the  whole  of  the  special  Absorb- 
ent system  in  the  light  of  an  assimilating  apparatus,  fitted  not  merely  to 
take  up,  but  also  to  prepare  for  admission  into  the  circulating  fluid,  such 
appropriate  materials  as  may  be  presented  to  it  in  the  requisite  condition. 
One  important  part  of  this  preparation,  in  the  case  of  the  Lacteals,  seems 
to  consist  in  the  intimate  incorporation  of  fatty  particles  with  albuminous 
substances.  Oily  matter,  as  we  have  seen,  is  a  constituent  of  the  food  of 
nearly  all  animals ;  and  where  it  does  not  exist  as  such  in  the  food,  it  is 
generated  in  the  system  at  the  expense  of  farinaceous  compounds ;  and  since 
this  takes  place  in  cold  as  well  as  warm  blooded  animals,  it  is  obvious  that 
the  oleaginous  particles  must  have  some  special  purpose  in  the  system,  alto- 
gether irrespective  of  the  maintenance  of  the  combnstive  process.  Further, 
we  have  seen  that  one  of  the  chief  peculiarities  of  the  Chyle  consists  in  the 
pecoliar  state  in  which  these  fatty  particles  are  found ;  and  this  state  corre- 
sponds so  closely  with  that  in  which  we  find  them  dispersed  as  '*  molecules" 
through  the  solids  and  fluids  of  the  body,  that  we  can  scarcely  hesitate  in 
attributing  to  it  some  peculiar  relation  to  the  nutritive  operations.  Of  the 
nature  of  this  relation,  we  obtain  some  further  indication  from  the  fact  that 
oleaginous  particles  may  be  constantly  distinguished  in  the  nuclei  or  cyto- 
blasts  of  growing  cells  or  fibres,  as  well  as  in  the  nuclear  bodies  scattered 
through  an  "organizable  blastema;"  so  that  it  may  be  affirmed  with  much 
probability,  that  the  presence  of  fatty  matter  is  not  less  essential  to  the 
formative  operations,  than  is  that  of  the  albuminous  compounds  them- 
8elTes«^ 
870.  There  can  be  little  doubt  that  we  are  to  rank  among  the  assimilat- 

1  This  view  derives  strong  confirmation  from  the  very  remarkable  effect  of  Cod-liycr 
<nl  in  improTing  the  nutrition  of  Tubercular  subjects ;  and  from  the  curious  prophy- 
laetio  inflaence  of  the  oleaginous  diet  of  the  Icelanders,  a  people  whose  habits  are  such 
ms  would  peculiarly  favor  the  development  of  Scrofula,  but  who  are  most  remarkably 
free  Arom  any  form  of  it.  The  importance  of  oleaginous  matter  to  the  process  of  text- 
urml  natrition,  and  the  probable  rationale  of  the  beneficial  effects  of  Cod-liver  oil  (which 
nifty  be  regarded  as  by  far  the  most  important  among  the  recent  improvements  in  Medi- 
cal practice),  were  first  developed,  the  Author  believes,  by  his  friend  Prof.  J.  H.  IJen- 
nett,  in  his  treatise  on  Cod-Liver  Oil,  published  in  1841. 
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in^  organs,  certain  bodies,  known  as  "Vascular  Glands,"  or  "Glands  with- 
out Ducts,"  which  are  found  in  the  Vertcbrated  animals,  in  intimate  relation 
with  various  parts  of  the  sanguiferous  system.  These  are,  the  Spleen,  the 
Thymus  Gland,  the  Thyroid  Gland,  the  Supra-Renal  Capsules,  the  Gland- 
ule SolitaricB,  and  Peyerian  glandulce  of  the  walls  of  the  Intestinal  canal, 
and  some  smaller  bodies  elsewhere.  Many  points  in  the  structure  of  these 
organs,  especially  of  the  one  first  named,  are  still  far  from  being  satisfactorily 
made  out ;  and  of  their  function  it  would  be  rash  to  speak  too  confidently. 
Nevertheless,  it  may  be  said  of  them  all,  that,  when  in  most  active  opera- 
tion, they  are  largely  supplied  with  blood,  and  that  they  are  made  up  for 
the  most  part  of  a  parenchyma,  which  is  usually  contained  in  isolated  vesi- 
cles, though  in  the  Thymus  this  occupies  one  large  branching  cavity.  These 
vesicles,  however,  do  not  seem  to  be  analogous  to  those  of  ordinary  glands, 
which  are  really  dilated  cells,  giving  origin  to  successive  broods  of  second- 
ary cells  in  their  interior  (§  397) ;  for  they  have  no  proper  limitary  mem- 
brane, and  seem  rather  to  be  formed  by  the  partial  coalescence  of  the 
elements  of  the  surrounding  tissue,  for  the  isolation  of  their  parenchymatous 
contents,  which  consist  of  nuclei  and  cells,  in  various  stages  of  develop- 
ment, imbedded  in  a  blastema  or  formative  fluid.  The  vesicles  are  traversed 
by  bloodvessels,  which  sometimes  form  a  minute  capillary  network,  whilst 
in  other  instances  their  arrangement  is  rather  penicillate  (brush-like),  the 
arterial  twig  subdividing  into  a  tuft  of  ramuscules,  which  reunite  again  after 
passing  separately  through  the  parenchyma.  The  primary  form  of  these 
bodies  is  the  ** solitary  gland"  of  the  intestinal  canal;  "which,"  as  Mr. 
Huxley  remarks,  "is  nothing  but  a  local  hypertrophy  of  the  indifferent 
element  of  the  connective  tissue  of  the  part,  and  possesses  no  other  capsule 
than  that  which  necessarily  results  from  its  being  surrounded  by  the  latter. 
A  number  of  such  bodies  as  these,  in  contiguity,  constitute,  if  they  be  de- 
veloped within  a  mucous  membrane,  a  Peyer's  patch ;  if  witliin  the  walla  of 
the  splenic  artery  and  its  ramifications,  a  Spleen ;  if  within  the  walls  of 
lymphatics,  a  Lymphatic  gland ;  if  in  the  neighborhood,  or  within  the  sub- 
stance (as  in  Fishes)  of  a  kidney,  a  Supra-Renal  body ;  if  in  relation  with 
a  part  of  the  brain,  a  Pituitary  body."^  It  can  scarcely  be  qaestioDed 
that  these  bodies  take  a  share  in  the  function  of  Assimilation  ;  elaborating 
the  nutrient  materials  which  are  brought  to  them,  and  restoring  them  again 
in  a  more  elevated  condition.  Most  of  them  exert  this  action  upon  the 
blood ;  but  from  the  special  relation  to  the  Absorbent  system,  which  the 
researches  of  Brucke  have  shown  the  Peyerian  bodies  to  possess,  it  seems 
probable  that  they  belong  to  the  same  category  with  the  Absorbent  gland- 
ule, and  exercise  their  office  chiefly  upon  the  chyle.  The  Thymus,  agiiBr 
which  has  a  large  cavity  for  the  reception  of  fluid,  probably  withdraws  for 
a  time  the  materials  upon  which  it  exercises  its  transforming  power,  and 

serves  to  store  them  until  they  may  be  required This  view  of  their  action 

is  strongly  confirmed  by  the  fact,  that  the  greatest  activity  of  the  Thynws 
and  Thyroid  bodies,  and  of  the  Supra-Renal  capsules,  is  daring  foetal  life 
and  early  infancy,  when  the  formative  processes  are  being  performed  with 
extraordinary  energy,  and  are  making  a  large  demand  upon  the  assimilative 
powers  ;  and  it  has  been  further  shown  by  Prof.  Goodsir,  that  these  three 
organs  may  be  regarded  as  involuted  portions  of  the  "germinal  membrane,^ 
which  is  the  first  assimilating  organ  possessed  by  the  fcetus  (Chap.  XL)i 

^  **0n  the  Malpighion  Bodies  of  the  Spleen,"  &c.,  in  *' Microscopical  TransactioaSi** 
New  Series,  p.  81. 
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and  are  in  absolute  continuity  with  each  other  at  an  early  period  of  foetal 
life.* 

3T1.  There  is  no  improbability,  however,  in  the  idea  that  these  organs 
may  severally  have  some  subsidiary  or  supplementary  function  to  perform, 
varying  according  to  their  respective  structure,  position,  and  connections. 
Thus  it  has  been  observed  by  Mr.  Simon,  that  the  Thymus  of  hybernatiug 
Mammalia,  instead  of  dwindling  away  (as  in  other  instances)  when  full 
growth  has  been  attained,  greatly  enlarges, and  becomes  laden  with  fat, 
this  accumulation  taking  place  especially  at  the  approach  of  winter;  so 
that  the  organ,  after  it  has  ceased  to  perform  its  original  function,  is  then 

used  as  a  sort  of  storehouse  for  combustive  material The  Spleen,  which 

has  a  different  origin  from  the  other  three,  would  appear  to  serve,  through 
the  extraordinary  distensibility  of  its  vessels,  as  a  kind  of  diverticulum,  to 
relieve  the  vessels  of  the  digestive  viscera,  when  they  are  compressed  by 
undue  accumulation  of  the  contents  of  their  cavities,  or  when  they  are  con- 
gested by  obstruction  to  the  flow  of  blood  through  the  liver  or  the  heart ; 
but  no  such  mechanical  arrangement  can  be  fairly  supposed  to  be  the  chief 
purpose  of  such  a  complicated  organ  in  the  economy.  The  spleen  has 
been  repeatedly  removed,  without  any  obviously  injurious  consequences ; 
whence  it  appears,  either  that  its  function  is  not  of  vital  importance,  or 
(which  is  more  likely)  that  it  is  discharged  by  some  other  organ  in  its  stead. 
In  some  of  the  instances  in  which  animals  have  been  allowed  to  survive 
longest  after  removal  of  the  Spleen,  the  lymphatic  glands  of  the  neighbor- 
hood have  been  found  greatly  enlarged  and  clustered  together,  so  as  nearly 
to  equal  the  original  spleen  in  volume ;  and  hence  it  appears  to  be  a  fair 
inference,  that  the  elaborating  function  of  the  spleen  corresponds  closely  to 
that  of  the  lymphatic  glands." 

872.  Having  thus  traced  the  steps  by  which  the  Blood  is  elaborated  and 
prepared  for  circulation  through  the  body,  we  have  now  to  consider  the 
fluid,  as  a  whole,  and  to  study  the  nature  of  its  chief  constituents  and  the 

firoperties  which  they  impart  to  it.  The  Blood,  whilst  circulating  in  the 
iving  vessels,  may  be  seen  to  consist  of  a  transparent,  nearly  colorless 
fluid,  termed  Liquor  Sanguinis ;  in  which  the  Bed  Corpuscles,  to  which 
the  Blood  of  Vertebrata  owes  its  peculiar  hue,  as  well  as  the  White  or 
Cohrl^ss  corpuscles,  are  freely  suspended  and  carried  along  by  the  current. 
-—On  the  other  hand,  when  the  blood  has  been  drawn  from  the  body,  and 
is  allowed  to  remain  at  rest,  a  spontaneous  coagulation  takes  place,  sepa- 
rating it  into  Clot  and  Serum.  The  clot  is  composed  of  a  network  of 
Fibrin,  in  the  meshes  of  which  the  Corpuscles,  both  red  and  colorless,  are 
iuTolved ;  and  the  serum  is  nothing  else  than  the  liquor  sanguinis  deprived 
of  its  Fibrin.  When  the  Serum  is  heated,  it  coagulates,  showing  the  pre- 
sence of  Albumen.  And  if  it  be  exposed  to  a  high  temperature,  sufficient 
to  decompose  the  animal  matter,  a  considerable  amount  of  earthy  and  alka- 
line Salts  remains. — Thus  we  have  four  principal  components  in  the  Blood ; 
— namely,  Fibrin,  Albumen,  Corpuscles,  and  Saline  matter.  In  the  circu- 
lating Blood  they  are  thus  combined : — ^ 

>  "Philosophical  Transactions,"  184G,  p.  G38. 

«  For  a  fuller  discussion  of  the  office  of  the  "  Vascular  Glnnds'*  than  the  limits  of  the 
present  treatise  allow,  see  the  Author's  "  Principles  of  Human  Physiology"  (5th  ^m. 
Ed.),  {{  481-491.  Some  novel  and  important  anatomical  details  will  be  i'ound  in  Dr. 
Fnini  Leydig*8  *«  Anatomisch-Histolopsche  Untersuchungen  ubcr  Fische  uud  Reptilicn," 
1853. 

•  The  corpuscles  of  Frog's  blood  may  be  separated  from  the  liquor  sanguinis  by  fil- 
tntlon ;  but  this  experiment  cannot  bo  performed  with  Human  blood,  because  its  cor- 
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llni 


Fibrin 

Albumen  ]■  In  solution,  forming  Liquor  SanguiniB. 

Salts 

Red  Corpuscles— Suspended  in  Liquor  Sanguinis. 


But  in  coagulated  blood  they  are  thus  combined  : — 


Fibrin 
Red  Co; 

^  |.  >  Remaining  in  solution,  forming  Serum. 


Red  Corpuscles,  }  Crassamentum  or  Clot 


The  solid  matter  of  the  blood  also  contains  various  Fatty  substances 
which  may  be  removed  from  it  by  ether.  Some  of  these  appear  to  corre- 
spond with  the  constituents  of  ordinary  Fat ;  whilst  another  contains  phos- 
phorus, and  seems  allied  to  the  pecidiar  fatty  acids  contained  within  the 
vesicles  and  tubes  which  form  the  nervous  tissue  (these  phosphorized  fats 
being  found  chiefly,  if  not  exclusively,  in  the  red  corpuscles) ;  and  another 
has  some  of  the  properties  of  Cholesterin,  the  fatty  matter  of  the  Bile 

(§  413) ^Besides  these,  there  are  certain  substances  known  under  the 

name  of  Extractive;  one  group  of  which  is  soluble  in  water,  and  another 
in  Alcohol.  Of  the  precise  nature  of  these,  little  is  known.  They  have 
been  aptly  termed  ''  ill-deflned''  animal  principles ;  and  it  is  probable  that 
they  include  various  substances  in  a  state  of  change,  as  well  as  progrestive 
(that  is,  intermediate  between  the  crude  material,  and  the  tissae  for  whose 
nutrition  they  are  being  prepared),  as  retrograde  (being  prodncts  of  the 
disintegration  of  the  tissues,  on  their  way  to  the  excretory  organs).  To 
the  former  category  probably  belong  the  bodies  which  have  been  designated 
by  Mulder  as  the  binoxide  and  the  tritoxide  of  protein  ;  of  which  the  first 
seems  to  be  albuminous  matter  undergoing  a  change  into  the  substance  of 
hair,  whilst  the  second  appears  to  be  similarly  related  to  the  gelatinons 
tissues.  Under  the  latter,  on  the  other  hand,  rank  sugar,  urea,  aric  and 
hippuric  acids,  creatine  and  creatinine,  &c.,  which  have  been  detected  ib 
it  in  very  minute  proportion  in  the  state  of  health,  but  which  accumolate 
in  larger  amount  if  their  elimination  be  in  any  way  checked. 

373.  The  proportion  of  these  components  varies  greatly  in  the  different 
classes  and  orders  of  Animals.  Thus  in  Man,  in  a  state  of  health,  we  nuij 
reckon  the  whole  solid  matter  of  the  blood  at  about  205  parts  in  1000 ;  the 
proportion  of  the  several  components  averaging  nearly  as  follows : — ^ 

Fibrin 2 

Corpuscles 150 

Solids  r  Albumen 40 

of     <  Extractive  Matters  and  Salts 11 

Serum  (  Fatty  matters 2 

In  Carnivorous  Mammalia,  the  average  ])roportion  of  corpuscles  is  greater, 
whilst  that  of  tlie  solids  of  the  serum  is  somewhat  less,  the  fibrin  remaining 
the  same.  On  the  other  hand,  in  Herbivorous  Mammalia,  the  proportioa 
of  corpuscles  is  considerably  less,  that  of  the  solids  of  the  semm  is  abort 
the  same,  but  that  of  the  fibrin  seems  to  be  above  the  human  average,  b 
Birds,  the  total  amount  of  solid  matter  is  greater  than  in  the  average  d 
Mammals ;  the  excess  being  especially  in  the  Red  Corpuscles.     In  the  cold- 

pusolcs  are  small  rnoti^h  to  pass  through  the  pores  of  any  filter  that  allows  the  UqMr 
sangtiinis  to  ponnoatc  it. 

1  For  the  banin  of  thin  computation,  Trhich  differs  considerably  from  the  usual  state- 
ment in  the  smnll  proportion  nf  Albumen  and  the  large  proportion  of  Coipnseles,  sal 
the  Author*!  "  Hunnui  rh,v»lolog>-"  (5th  Am.  Ed,),  {  154. 
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blooded  Yertebrata,  on  the  other  hand,  the  proportion  of  solid  matter,  and 
especially  of  the  Corpuscles,  is  greatly  reduced ;  and  the  blood  is  manifestly 
pder  and  thinner.  In  the  blood  of  Man  and  the  Mammalia  in  general,  the 
Colorless  Corpuscles  usually  bear  a  small  proportion  to  the  Red ;  and  being 
nearly  of  the  same  aspect,  they  have  until  recently  attracted  but  little  notice. 
In  Reptiles  and  Fishes,  however,  they  diflfer  so  much  in  form,  size,  and 
general  appearance,  that  they  force  themselves  on  the  attention,  even  whilst 
the  blood  is  moving  through  the  capillaries ;  and  they  are  the  more  easily 
watched,  owing  to  the  comparatively  small  number  of  Red  corpuscles,  to 
which  they  are  found  to  bear  an  increasing  proportion  as  we  descend  through 
the  lower  orders  of  the  class  of  Fishes,  until  we  come  at  last  to  the  Amphi- 
oxus,  in  whose  blood  tlie  red  corpuscles  are  altogether  wanting. — Of  the 
relative  amount  of  Fibrin  in  the  blood  of  diflferent  animals,  no  other  esti- 
mate has  been  formed,  than  that  which  rests  upon  the  coagulating  power 
of  the  liquid,  which  is  much  weaker  in  cold-blooded  than  in  warm-blooded 
Vertebrata. — Of  the  variations  in  the  proportions  of  other  constituents, 
still  less  is  known. 

374.  The  new  arrangement  of  the  elements  of  the  Blood,  which  takes 
place  when  it  is  withdrawn  from  the  living  body  and  left  to  itself,  or  even 
within  the  body  when  its  vitality  is  lost,  consists  chiefly  in  the  passage  of 
its  Fibrin  from  the  state  of  solution  to  that  of  a  fibrous  network,  in  the 
meshes  of  which  the  corpuscles  are  included.  The  rapidity  of  this  change, 
and  the  completeness  of  its  result,  vary  considerably ;  but  are  usually  in  an 
inrerse  ratio  to  each  other.  When  the  fibrin  is  imperfectly  elaborated,  so 
that  the  coagulum  is  deficient  in  firmness,  the  process  generally  takes  place 
rapidly,  and  is  soon  completed ;  but  when  it  has  undergone  a  higher  degree 
of  assimilation,  so  that  it  transforms  itself  into  a  definite  fibrous  tissue,  the 
process  is  comparatively  slow.  The  most  perfect  fibrillation  is  seen,  not  in 
blood  itself,  but  in  those  effusions  of  modified  liquor  sanguinis,  known  as 
"  plastic"  or  **  organizable  lymph,"  which  are  thrown  out  in  the  inflamma- 
tory process,  or  are  effused  in  the  first  stage  of  the  reparative  operation 
consequent  upon  an  injury.  This  may  be  due  in  part  to  the  higher  elabora- 
tion of  the  fibrin  itself;  and  in  part  to  the  influence  of  vital  force  imparted 
from  the  living  solids  around  (§  343).  If  the  influence  of  the  living  sur- 
fiice  be  continued,  and  vessels  shoot  from  it  into  the  primitive  tissue  so 
formed,  this  becomes  part  of  the  organized  fabric ;  and  thus  we  see  that 
coagalation  is  not  an  indication  of  the  death  of  the  plastic  fluid,  but  is  a 
stage  in  its  metamorphosis  into  a  living  solid.  The  tissue  thus  produced, 
however,  is  of  a  low  order,  and  very  prone  to  degenerate.  When  the  blood 
has  been  withdrawn  from  the  body,  so  that  the  coagulation  takes  place  with- 
out any  influence  from  a  living  suiface,  the  fibrillated  mass  soon  passes  into 
decomposition ;  so  that  the  process  may  then  be  considered  as  the  last  act 
of  the  life  of  the  vital  fluid.  Even  under  the  most  favorably  circumstances, 
it  does  not  seem  that  the  plastic  force  of  the  blood,  or  of  the  plasma  effused 
from  it,  is  able  to  develop  any  form  of  tissue  higher  than  cells  or  simple 
fibres ;  for  these  are  the  sole  kinds  of  organized  structure,  which  ever  di- 
rectly result  from  the  development  of  the  ''nucleated  blastema"  thrown  out 
for  the  repair  of  iiguries.  And  under  less  favorable  circumstances,  the  same 
material  resolves  itself  into  a  substance,  pus,  of  far  inferior  character,  in 
which  no  further  organization  can  ever  take  place,  and  which  is  only  fit, 
therefore,  to  be  cast  out  of  the  system. 

375.  The  Albumen  of  the  blood  must  be  looked  upon  as  ihe  pahiiumf  at 
the  ultimate  expense  of  which  are  formed  all  the  azotized  solids  of  the 
Animal  body,  as  well  as  the  fibrin,  globulin,  and  ho^matin  of  the  blood 
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iiiJCif,  and  the  albuminoid  constituents  of  the  secretions.  It  appears,  bow- 
orcr,  to  be  entirely  destitute  of  any  formative  capacity ;  for  in  no  exudation 
^hich  is  purely  serous,  do  we  ever  trace  the  slightest  indication  of  spon- 
iduioous  organization ;  and  its  conversion  into  the  various  kinds  of  tissue, 
therefore,  must  be  entirely  due  to  their  power  of  appropriating  and  trans- 
fonuing  it.  Still,  the  albumen  of  the  blood  is  by  no  means  identical  with 
the  raw  material  supplied  by  the  digestive  process ;  for,  as  already  shown, 
an  assimilating  action  is  exerted  upon  it  by  the  Liver  (§  36G),  and  probaljly 
also  by  the  **  Vascular  Glands"  generally,  by  which  it  is  prepared  for  the 
organization  it  is  finally  to  undergo. — The  Fibrin  of  the  blood  has  been 
very  commonly  regarded  (as  formerly  by  the  Author  of  this  treatise)  as  that 
element  which  is  immediately  drawn  upon  in  the  operations  of  nutrition; 
being  the  intermediate  stage  between  the  crude  albumen  and  the  solid  tis- 
sues. This  opinion  rested  in  part  uj^on  the  current  doctrine,  that  fibrin  is 
the  constituent  of  muscle ;  and  in  part  upon  the  assumption,  that  as  fibrin 
is  more  endowed  with  vital  properties  than  any  other  of  the  liquid  com- 
ponents of  the  blood,  so  as  to  be  capable  of  passing  by  itself  into  the  con- 
dition of  an  organized  tissue,  it  must  be  the  one  most  readily  appropriated 
by  the  various  parts  of  the  solid  fabric,  as  the  material  of  their  growth  and 
development.  It  is  now  certain,  however,  that,  so  far  from  there  being  any 
correspondence  between  blood-fibrin  and  muscular  substance,  there  is  a 
very  decided  diCference  between  them,  muscle-substance,  in  fact,  being  more 
like  albumen  ;*  whilst  as  the  fibrous  reticulation  formed  by  the  coagulation 
of  fibrin  bears  more  resemblance  to  the  white  fibrous  tissue,  than  to  any 
other  tissue  in  the  body,  it  would  seem  as  if  its  special  endowments  had 
reference  more  to  the  formation  of  this  simple  connective  material,  than  to 
the  nutrition  of  tissues  of  higher  endowments.  And  this  view  is  confirmed 
by  the  fact  that  the  points  in  which  fibrin  diff'ers  chemically  from  albumen, 
are  such  as  indicate  some  relationship  to  gelatin.  We  seem  justified  in 
regarding  fibrin,  therefore,  as  the  special  pabulum  of  those  connective  tis- 
sues, whose  vital  endowments  are  so  low ;  and  as  serving,  by  the  peculiar 
formative  power  which  it  derives  from  the  especial  elaboration  it  has  received, 
for  the  independent  generation  of  those  tissues,  wherever  and  whenever  there 
may  be  a  demand  for  them.  Independently  of  any  such  office  in  the  gene- 
ral economy,  however,  the  importance  of  fibrin  as  a  constituent  of  the  blood 
cannot  be  over-estimated ;  for  on  the  viscidity  which  it  imparts,  the  reten- 
tion of  the  blood  within  the  walls  of  the  vessels,  and  even  its  unobstructed 
movement  through  them,  appear  (from  the  experiments  of  Magendie)  to  be 
due ;  and  it  is  entirely  on  the  coagulating  power  of  the  blood  that  the  ces- 
sation of  hemorrhage,  from  even  the  most  trifling  injuries,  is  dependent; 
whilst  the  adhesion  of  incised  wounds,  still  more  the  filling  up  of  breaches 
of  substance,  required  as  their  first  condition,  that  either  the  blood,  or 
matter  exuded  from  it,  should  be  able  to  assume  the  form  of  fibrous  tissue.* 
3Y6.  The  offices  of  the  Red  Corpuscles  of  the  blood  are  still  involved  in 
considerable  obscurity.     They  are,  in  fact,  floating  cells  filled  with  a  mix- 

*  See  Liobig,  in  "Ann.  dor  Chem.  und  Pharm.,"  Bd.  Ixxii. 

*  A  reaction  has  recently  taken  place  against  the  once-prevalent  doctrine  that  Fibrii 
is  the  immediate  pabulum  of  the  solid  tissues  general!}' ;  the  hypothesis  having  been 
put  fortli  by  Zimmerman,  and  espoused  by  Mr.  Simon  and  some  other  Pathologists  i& 
this  country,  that  Fibrin  is  one  of  the  elements  of  the  circulating  fluid,  Trhich  ia  in  » 
state  of  retrograde  metamorphosis,  and  is  therefore  on  its  way  to  be  eliminated  by  tlic 
excretory  organs.  The  Author's  objections  to  this  doctrine,  and  a  fuller  view  of  the 
relations  of  Fibrin  to  the  animal  economy,  will  be  found  in  his  "Human  Physiology" 
(5th  Am.  Ed,),  II  192,  193. 
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tare  of  substauces,  the  composition  of  which  differs  considerably  from  that 
of  the  liquor  sanguinis  which  surrounds  them.  For  the  principal  organic 
constituent  of  this  mixture  is  the  substance  termed  Globulin^  which  is  allied 
to  albumen  in  the  proportion  of  its  ultimate  elements,  but  which  differs  from 
it  in  certain  of  its  reactions ;  and  with  this  is  associated  the  peculiar  color- 
ing substance  Ilccmatin,  which  departs  widely  in  composition  both  from 
albumen  and  gelatin,  and  contains  7  per  cent,  of  iron ;  the  proportions  of 
these  two  compounds,  in  the  fluid  of  the  red  corpuscles,  being  about  17  of 
the  former  to  1  of  the  latter.  The  phosphorized  fats  of  the  blood,  again, 
arcL contained  within  the  red  corpuscles;  and  these  also  include  nearly  the 
whole  of  the  potash-salts  which  the  blood  may  possess,  the  alkalinity  of  the 
liquor  sanguinis  being  due  to  soda.^  Now,  as  the  former  of  these  last- 
named  peculiarities  indicates  a  relationship  between  the  Red  corpuscles  and 
the  Nervous  system,  which  is  further  rendered  probable  by  the  presence  of 
a  pigmentary  matter  much  resembling  hsmatin  in  the  gray  vesicles  of  the 
nervous  centres; — and  as  the  latter  indicates  a  like  special  relationship  with 
the  Muscular  substance,  which  (as  Liebig  has  shown)  is  as  remarkable  as 
the  red  corpuscles  for  the  almost  exclusive  presence  of  potash-^dXHy  whilst 
the  liquor  sanguinis  is  charged  with  soda; — we  may  perhaps  surmise  with- 
oat  much  improbability,  that  it  is  one  special  object  of  the  red  corpuscles 
to  prepare  or  elaborate  materials,  which  are  to  become  subservient  to  the 
natrition  of  these  tissues.  Moreover,  as  the  corpuscles  seem  to  possess 
more  power  of  absorbing  oxygen  and  carbonic  acid,  than  do  any  other  con- 
Btitnents  of  the  blood,  we  may  look  upon  them  as  specially  (but  not  exclu- 
sively) carriers  of  those  gases  between  the  respiratory  organs  and  the  tissues 
(§  207) ;  and  in  so  doing,  they  will  be  peculiarly  subservient  to  the  vital 
activity  of  the  Nervo-muscular  api)aratus,  since  it  is  one  of  the  special  con- 
ditions of  its  energetic  operation,  that  oxygen  shall  be  conveyed  to  it  by 
the  arterial  current,  and  that  carbonic  acid,  which  is  one  of  the  products  of 
its  disintegration,  shall  be  conveyed  away.  And  this  view  is  in  complete 
harmony  with  the  fact  that  the  proportion  of  lied  Corpuscles  in  the  blood 
bears  a  close  relation  to  the  amount  of  Respiratory  power  in  different  classes 
of  Vertcbrata ;  being  greatest  in  Birds,  nearly  as  great  in  Mammals,  very 
low  in  most  Reptiles,  and  varying  considerably  among  Fishes. — Still  greater 
difficulty  exists  in  determining  the  functions  of  the  White  or  Colorless  Cor- 
puscUSf  which  have  not  been  obtained  for  analysis  in  a  separate  state,  and 
of  whose  composition,  therefore,  nothing  certain  is  known.  Their  close 
correspondence  with  the  colorless  corpuscles  of  the  blood  of  Invertebrata, 
and  the  appearances  occasionally  presented  by  them,  indicative  of  a  pro- 
gressive transformation  into  red  corpuscles,  justify  the  inference  that  they 
are  to  be  considered  as  holding  an  intermediate  place  between  the  nuclear 
corpuscles  of  the  Chyle  and  LymjUi  (together  with  those  of  the  "Vascular 
Glands,"  which  also  probably  find  their  way  into  the  blood-current),  and 
the  completely-developed  colored  cells.  Yet  there  are  indications  that 
daring  this  transition-stage  of  their  development,  they  exert  an  influence 
in  the  production  of  the  fibrinous  constituents  of  the  blood ;  and  it  does 
not  seem  impossible  that,  under  the  general  designation  "colorless  corims- 
cles,"  more  than  one  kind  of  cell  may  be  ranked.^ 

377.  The  Fuiti/  matters  of  the  blood  are  obviously  destined  to  furnish 

'  See  Dp.  G.  0.  Recs  in  "Philosophical  Magazine,"  vol.  xxiii.,  p.  28;  and  Lch- 
maiin's  "Lchrbuch  der  Physiologischcu  Chcme**  (2d  Ed).,  Band  II.,  p.  131. 

s  For  a  discussion  of  this  question,  see  the  Author's  "Human  Physiology"  (5th  Am. 
£iL),  {{  105,  196. 


the  contents  of  the  adipose  and  nervoue  Tesiclcs;  whilst  thdr  presence 
seams  also  to  be  required  in  the  early  stages  of  the  prodnction  of  cells 
generally.  One  of  the  principal  sonrces  of  their  expenditure,  howeTcr,  is 
that  combustive  process  by  which  the  heat  of  the  body  is  maintained  (§  116) ; 
and  the  amount  deposited  in  the  tissues  as  fat»  laay  be  looked  upon  a£  the 
surplus  of  the  quantity  ingested,  over  and  above  that  which  is  thiis  con- 
sumed. The  quantity  of  fatty  matter  in  tlie  blood  is  liable  to  sudden  mug- 
mentation,  from  the  introduction  of  a  largo  quantity  furnished  at  once  by 
the  alimentary  materials,  go  that  the  serum  presents  the  milky  a.*;pcct  of 
chyle;  and  this  excess  will  continue,  until  the  surplus  has  been  eliminated, 
either  by  the  combustive,  the  nutritive,  or  the  excretory  operations. — Of 
the  uses  of  the  various  Inorganic  Compoundi^  which,  as  being  uniformly 
present  in  the  Blood,  must  be  considered  among  its  integral  constitaentf, 
the  following  may  be  considered  to  be  those  best  determined*  The  pre- 
sence of  tlie  phosphate  and  carbonate  of  Soda  seems  to  have  reference  chiefit 
to  the  maintenance  of  the  alkalinity  of  the  blood,  on  which  its  powers  of 
holding  albuminous  matters  in  solution  essentially  depends,  but  hm  alio 
the  very  important  olTice  of  increas?ing  the  absorptive  power  of  the  lentni 
for  gases ;  whilst  chloride  of  sodium  is  needed  alike  for  the  conservation  of 
the  organic  components  of  the  blood  in  their  normal  condition,  and  for  the 
supply  of  the  salt  which  enters  into  the  composition,  not  only  of  the  solid 
tissues,  but  also  of  all  the  secreted  Ouids,  as  also  to  furnish  the  hydrochlo- 
ric acid  of  the  gastric  fluid  {§  1G3)  and  the  soda  of  the  bile  (§  413).  The 
salts  of  Potash,  on  the  other  hand,  appear  to  be  specially  required  for  the 
nutrition  of  the  muscular  substance ;  while  the  Earthy  salts  are  required  for 
the  consolidation  of  the  harder  tisi«ues,  into  which  some  of  them  enter  veij 
largely.  Iron,  like  the  alkaline  salts,  appears  to  have  some  essential  pur- 
pose in  the  blood  itself,  since  it  enters  into  the  composition  of  the  red  cor- 
puscles in  larger  proportion  than  it  does  into  any  of  the  solid  tissues^  and 
its  preseuce  in  sufficient  amount  is  an  essential  condition  of  their  produc- 
tion. 

378.  Although  the  proportions  of  the  different  components  of  the  Blood 
of  Man,  or  any  other  of  the  higher  animals,  arc  eontiunally  undergoing 
change  by  the  introduction  of  new  materials,  and  by  the  perpetual  wi^ 
drawal  of  those  which  have  become  prepared  for  the  prodnction  of  UanieBt 
yet  all  such  changes  have  their  limits ;  and  taken  as  a  whole,  the  compod* 
tion  of  this  fluid,  in  each  species,  exhibits  such  a  remarkable  constaiiey 
(within  the  limits  of  health),  tiiat  we  can  scarcely  fail  to  recognijEe  in  it 
some  such  capacity  for  self-development  and  maintenance,  as  that  of  whteh 
we  admit  the  existence  in  the  solid  tissues.  And  this  idea  will  be  found 
less  Rtrange,  when  it  is  borne  in  mind  that  the  first  bliod  is  formed  by  the 
liquefaction  of  the  primonlial  cells  of  the  embryo  j  and  that,  notwithstand- 
ing the  continual  change  in  its  components/ it  still  retains  its  itlrntitr 
through  life,  in  no  legs  a  degree  thnn  a  limb  or  an  eye;  the  mutrrtftl 
ehangesi  in  which,  though  le!=s  rapid,  are  not  less  complete.  Lookini^ 
again  to  the  undoubted  vitality  of  the  Corpuscles,  and  to  the  strong 
ground  for  regarding  the  Fibrin  also  as  possessing  vital  endowments,  we 
cannot  but  perceive  that  the  Life  of  the  Blood  is  as  legitimate  a  phf«se, 
and  oQght  to  carry  as  much  meaning  in  it,  as  the  Life  of  a  Muscle* 

37 1*.  We  shall  now  inquire  how  far  any  approximation  can  be  found 
among  the  lower  tribes  of  Animals,  to  that  process  of  A^imilation,  whose 
nrincipal  steps  have  thus  been  triR-cd  in  the  beings  of  highest  orguuXAtloii* 
We  may  observe,  however,  in  the  first  instance,  that  there  wtt  two  reaiODS 
wiiy  the  first  approaches  to  such  an  operation  might  be  expected  to  be 
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very  slightly  marked.  For,  in  the  first  place,  in  proportion  to  the  homo- 
gcncousness  of  the  fabric  of  the  body,  and  to  the  absence  of  specialization 
in  its  functions,  might  we  anticipate  that  the  composition  of  the  nutritive 
fluid  would  be  simple,  and  its  vital  endowments  low.  And,  secondly,  in 
proportion  as  the  several  parts  live  for  and  hy  themselves,  should  we 
expect  to  find  a  want  of  specialization  in  the  apparatus  of  assimilation ; 
the  nutritive  Huid  being  rather  elaborated  by  its  contact  with  the  living 
solids  of  the  body  generally,  than  by  its  passage  through  any  one  organ  or 
set  of  organs,  or  by  the  agency  of  its  own  floating  corpuscles.  As  Dr.  T. 
Williams  has  justly  remarked,*  the  solids  of  the  lower  Invertebrata  are 
more  completely  saturated  with  their  fluids,  than  they  are  in  higher  ani- 
mals; and  there  is,  therefore,  the  greater  probability  that  the  fluids 
undergo  a  preparatory  change,  either  in  the  interior  of,  or  between,  their 
cells,  to  qualify  them  for  the  work  of  histogenesis. — In  b\\  Polj/pfferaf  it 
will  be  remembered  that  the  general  cavity  of  the  body  communicates  freely 
with  the  gastric  cavity ;  so  that  the  fluid  which  passes  into  it  for  the  pur- 
poses of  nutrition,  must  be  regarded  as  the  immediate  product  of  digestion, 
or  as  chyme.  This  fluid  contains  scattered  corpuscles,  by  the  movement  of 
which  its  own  motions  are  recognized;  and  these  corpuscles  are  minute 
spherical  particles,  apparently  albuminous,  mingled  with  oil-particles. 
Some  few  appear  to  be  nucleated,  whilst  others  are  charged  with  minute 
granules;  and  in  Actinia,  according  to  Dr.  T.Williams,  they  are  occasion- 
ally seen  to  contain  secondary  cells.  TJie  fluid  that  has  remained  for  a 
time  in  the  splanchnic  cavity,  is  found  to  contain  a  small  quantity  of  Albu- 
men ;  but  it  undergoes  no  spontaneous  coagulation. — In  Acalepha,  too, 
the  only  nutritive  fluid  is  the  chymous  product  of  digestion,  which  moves 
in  the  gastro- vascular  syst<?m.  Its  corpuscles  are  larger  than  those  of  Zoo- 
phytes, and  are  more  laden  with  granular  and  adipose  contents :  their  cell- 
membrane,  too,  is  more  distinct;  and  they  sometimes  present  a  bluish 
tint.  The  fluid  in  which  they  float  has  a  "molecular  base;"  but  it  gives 
no  indication  of  the  presence  of  fibrin. — A  higher  type,  however,  is  attained 
in  Echinodermata.  The  splanchnic  cavity  being  here  shut  off  completely 
from  the  alimentary  canal,  the  fluid  which  it  contains  must  be  likened,  not 
to  chyme,  but  to  chyle  ;  but  its  characters  do  not  show  any  decided  advance 
apon  those  of  the  preceding.  Its  corpuscles,  indeed,  are  described  by 
Dr.  T.  Williams  as  looking  like  spherules  composed  of  hard  and  very 
minute  granules  of  coagulated  albumen,  without  any  detectable  nucleus  or 
cell-wall,  destitute  of  oily  particles,  and  readily  difi'uscd  into  their  indi- 
ridnal  molecules ;  in  all  these  particulars  being  less  advanced  (if  his  de- 
scription be  correct)  than  the  vesicular  corpuscles  of  the  classes  already 
named.  The  fluid  is  rendered  cloudy  by  heat  and  nitric  acid ;  but,  though 
albumen  is  thus  indicated,  there  is  no  trace  of  fibrin.  The  fluid  of  the 
(so  called)  sanguiferous  system  (§215)  differs  from  that  of  the  splanchnic 
cayity  in  no  other  respect,  than  in  containing  a  larger  proportion  of  solid 
constitaents ;  and  it  seems  not  improbable  that  the  purpose  of  this  system 
is  only  to  concentrate  (so  to  speak)  the  nutritive  force  of  the  chylaqueous 

'  "Brit,  and  For.  Med.-Chir.  Review.,"  vol.  xii.  p.  484.— The  details  in  tlio  text,  on 
tbe  Bnbject  of  tho  natritivc  fluids  of  the  Invertebrata,  have  been  deriyed  in  ])nrt  from 
I^.  T.  Williams's  papers  in  that  Journal,  and  from  his  Memoir,  **  On  the  Blood-proper 
and  Qijlaqaeoas  Fluid,"  in  «*Philos.  Transact.,'*  1852,  and  partly  from  ^Ir.  Wharton 
Jones's  5Iemoir8,  *'0n  the  Blood-Corpuscle  considered  in  its  different  phases  of  deve- 
lopment in  the  Animal  series,"  in  **  Philos.  Transact.,"  1846. — In  the  interpretation  of 
these  fsGtSy  however  (especially  in  regard  to  what  is  to  bo  considered  as  blood  in  the 
Annelida),  the  Author  has  followed  his  own  judgment. 
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flaid  upon  some  of  the  more  important  viscera,  and  not,  as  in  higher  ani- 
mals, to  distribute  a  fluid  of  more  special  endowments.  In  the  Sipunculida, 
which  form  a  link  between  this  class  and  the  Annelida,  the  corpuscles  are 
flat  and  irregularly  oblong;  each  has  a  bright,  small,  highly  refractive 
nucleus ;  and  the  color  is  dissolved  in  the  fluid  between  the  nucleus  and 
the  cell-wall — thus  remarkably  foreshadowing  the  regular  blood-corpuscle 
of  higher  animals. 

380.  Passing  on,  now,  to  the  lowest  members  of  the  Articulated  series, 
we  first  come  to  those  Cestoid  Entozoa,  among  which  no  distinct  nutritive 
fluid  can  be  said  to  exist;  their  aliment  being  provided,  not  by  a  process 
of  gastric  digestion,  but  by  direct  imbibition  through  their  entire  surface. 
And  in  the  IVematoda,  whose  digestive  sac  is  so  closely  embraced  by  the 
surrounding  tissues  that  there  is  no  proper  gastric  cavity,  we  return  to  the 
Zoophytic  type,  in  which  the  immediate  product  of  digestion  is  applied  to 
the  purposes  of  nutrition.  This  chymous  fluid  of  the  gastric  coeca  accord- 
ingly presents  a  richly  corpusculated  aspect;  its  corpuscles  not  being 
formless  molecules,  but  consisting  of  a  cell-wall  and  granular  contents, 
frequently  with  a  definite  nucleus ;  and  exhibiting  constant  differences  in 
difterent  species.  Where  any  fluid  can  be  distinguished  in  the  perigastric 
areolae,  it  is  non-corpusculated;  as  is  also  the  fluid  of  the  "aquiferous" 
system  of  vessels,  alike  in  the  Entozoa  and  Turbellaria,  notwithstanding 
tiiat  is  frequently  colored.*  In  the  Nematoid  Entozoa,  a  distfnct  perigas- 
tric cavity  exists ;  and  the  fluid  which  it  contains,  though  rich  in  albumen, 
is  destitute  of  corpuscles.  The  absence  of  these  may  not  be  improbably 
due  to  the  circumstance  that  the  nutritive  fluid  has  already  undergone  the 
requisite  elaboration  in  the  body  of  the  animal  from  which  it  is  drawn  by 
these  parasites;  just  as  the  vegetable  parasites  which  derive  their  supply 
from  the  elaborated  sap  of  the  plants  they  infest,  have  no  leaves  wherewith 
to  exercise  any  converting  power  upon  it  for  themselves  (§  356). — ^The 
curious  question  which  next  presents  itself,  in  regard  to  the  circulating 
fluids  of  \.\iQ  Annelida,  has  already  been  more  than  once  alluded  to  (§§219, 
292).  The  fluid  of  the  splanchnic  cavity  here  presents  a  character  very 
nearly  corresponding  with  that  of  the  fully-elaborated  chyle  of  Vertebrati, 
save  that  it  is  not  so  opalescent.  Its  usual  characters  may  be  peculiariy 
well  seen  in  the  cirrhi  of  the  Terehella;  where  it  is  observed  to  be  a  som^ 
what  milky  liquid,  containing  large  oval  flattened  vesicles,  filled  with  oil- 
molecules  and  granules,  with  other  fusiform  corpuscles,  destitute  of  grannitf 
contents  and  ])ellncid.  It  is  stated  by  Dr.  T.  Williams,  that  the  larger 
corpuscles  not  unfrecjuently  burst  in  the  field  of  the  microscope,  and  tliit 
their  semi-fluid  contents  coagulate  as  they  flow  out.  The  fluid  itself  is 
albuminous.  The  size,  form,  and  general  characters  of  the  corpusrki 
difi'er  in  diff*erent  species  of  this  group;  and  two  instances  are  reconlcdby 
Dr.  T.  AVilliams,  in  which  the  corpuscles  have  a  decided  red  tint*    On  tie 

»  Sec  Dr.  T.  Williams,  in  "Ann.  of  Nat.  Hist,"  2a  ser.  vol.  xii.  p.  838,  it  Jif- 
The  aquiferous  system  of  vessels  in  these  tribes  is  designated  by  Dr.  T.  WIIUmbm  ii 
undoubtedly  "  chylaqucous ;"  on  what  principle,  however,  the  Author  must  coof* 
himself  to  be  at  a  loss  even  to  guess.  The  existence  of  the  **  water  vascular  •ystfm" 
is  altopcether  ignored  by  Dr.  Williams;  the  general  correctness  of  whose  interpretatMB* 
may  be  in  some  degree  estimated  by  the  fact,  that  he  asserts  **  the  large  brtncbedi 
flocculent  organ,  forming  the  bulk  of  each  segment  in  Taenia  and  BothriocfpMbu^ 
which  all  other  zoologists  and  anatomists  without  exception  regard  as  an  ovary,  tota 
**  really  the  alimentary  organ,  opening  externally  by  an  orifice  proper  to  each  ••g' 
ment  I" 

2  These  are  the  genera  Gh/cera  and  Chimenf,  the  former  of  which  has  been  stated  l^y 
M.  De  Quatrefnges  to  have  colored  globules  in  its  bloody  the  liquid  itself  being  eolo^ 
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other  hand,  the  fluid  which  is  commonly  designated  as  the  "  blood"  of  the 
Annelida  is  destitute  of  any  moq)hotic  elements  whatever,  and  cannot  be 
observed  either  to  fibrillate  or  to  coagulate  by  heat.  It  possesses,  there- 
fore, none  of  the  attributes  of  true  bloody  save  its  color ;  and  can  scarcely 
be  supposed  to  take  any  considerable  share  in  the  nutritwn  of  the  body, 
for  which  it  is  obvious  that  provision  is  made  in  that  diffusion  of  the  chyla- 
qneous  fluid,  which  is  so  elaborate  in  many  instances  as  to  constitute  a 
real  circulation.  Its  color,  in  fact,  which  is  sometimes  pale-yellow  or 
orange,  sometimes  of  a  full  red  or  green,  is  its  chief  distinguishing  attri- 
bute ;  yet  as  approximations  to  these  hues  arc  exhibited  by  the  contents  of 
the  water-vascular  system  in  many  of  the  lower  Articulata,  no  adequate 
reason  is  hence  derivable,  for  assigning  to  it  a  character  which  the  position 
of  this  group  in  the  series  would  render  it  highly  im]>robable  that  it  should 
possess.  As  already  pointed  out  (§  308),  the  fluid  of  the  water-vascular 
system  has  probably  an  express  relation  to  the  respiratory  function  ;  and 
it  is  where  no  special  provision  exists  for  its  aeration,  that  we  find  the  so- 
called  "  blood-vascular"  system  attaining  its  highest  development.  If  the 
view  already  given  of  its  homologies  should  prove  correct,  it  is  obvious 
that  it  is  the  chylaqueous  fluid  of  the  Annelida,  and  not  their  blood,  which 
is  homologous  with  the  blood  of  Insects  and  Crustacea ;  for  although  their 
nutritious  fluid  circulates  through  a  more  definite  system  of  vessels  and  of 
circumscribed  lacuna?,  that  system  still  communicates  freely  with  the  visce- 
ral cavity,  the  contents  of  which  are  of  tlie  same  nature  with  theirs.  On 
the  other  hand,  the  so-called  blood-vascular  system  of  the  Annelida  attains 
a  development  to  which  nothing  is  comparable  among  the  higher  Articu- 
lata, save  that  of  the  tracheal  apparatus,  with  which  it  may  be  considered 
homologous.  It  is  remarked  by  Dr.  T.  Williams,  that  for  some  time  after 
the  emergence  of  the  young  from  the  ovum,  and  before  the  develo]>mcnt  of 
the  branchial,  pedal,  and  tentacular  a])pendages,  the  chylaqueous  ihiid  con- 
tains no  corpuscles ;  as  the  worm  advances  in  growth  and  develoi)ment, 
the  corpuscles  slowly  appear ;  the  (so-called)  blood  and  bloodvessels  being 
produced,  however,  before  they  are  distinguishable. 

381.  The  higher  Articulata  are  characterized  by  one  general  type  of 
natritive  fluid;  that,  namely,  which  in  the  early  embryonic  condition  of 
most  among  them  is  obviously  *'  chylaqueous,"  being  colorless  and  richly 
corpuscalated,  and  moving  freely  in  the  splanchnic  cavity;  but  which 
gradually  becomes  more  limited  and  inclosed,  and  sometimes  undergoes  a 
considerable  change  in  its  own  character.  In  the  adult  Myriapoda^  the 
corpuscles  are  very  numerous,  and  are  described  by  Dr.  T.  "Williams  as 
presenting  three  principal  varieties  :  1,  a  large  pellucid  nucleus  surrounded 
by  a  few  granules ;  2,  an  orbicular  body  in  which  the  granules  are  so  aug- 
mented in  number  as  almost  to  conceal  the  nucleus ;  3,  an  ovoid  or  oat- 
shoped  corpuscle,  in  which  the  nucleus  has  reappeared.  In  none  of  these 
can  the  existence  of  a  proper  cell-wall  be  demonstrated;  but  their  particles 
seem  to  be  held  together  by  some  tenacious  self-coagulating  substance ; 
for,  when  the  corpuscles  burst  in  the  field  of  the  microscope,  a  fibrillation 
is  seen  to  take  place  in  the  matter  that  is  set  free.  The  classes  of  Insects, 
Crustacea,  and  Arachnida  present  in  their  perfected  states  a  more  advanced 
form  of  the  same  corpuscle ;  the  type  of  which  is  a  flattened  oval  cell, 

less.  The  Author  cannot  but  think  it  probable  that  this  generally  accurate  observer 
hafl  been  misled  in  his  interpretation  by  the  uuu.sual  nature  of  the  phenomenon :  and 
believes  it  to  be  much  more  likely  that  the  "chylaqueous  fluid"  of  an  Annelid  should 
bare  colored  corpuscles,  than  that  its  *'  blood"  should  have  corpui^cles  floating  in  a 
colorless  fluid. 
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haying  a  distinct  cell-wall,  and  a  conspicuous  nucleus,  sorroanded  bj 
minute  granules,  the  contents  of  this  cell  fibrillating  when  liberated  by  its 
bursting.     It  has  been  observed  by  Mr.  Newport,*  that,  the  "  oat-shaped 
corpuscles  are  most  numerous  in  the  larva  at  the  period  immediately  pre- 
ceding each  change  of  skin ;  at  which  time  the  blood  is  extremely  coagu- 
lable,  and  evidently  possesses  the  greatest  formative  power.     The  smallest 
number  are  met  with  soon  after  the  change  of  skin,  when  the  nutrient  mat- 
ter of  the  blood  has  been  exhausted  in  the  production  of  the  new  epidermic 
tissue.     In  the  Pupa  state,  the  greatest  number  arc  found  at  about  the 
third  or  fourth  day  subsequent  to  the  change ;  when  preparations  appear  to 
be  most  actively  going  on  for  the  development  of  the  new  parts  that  are  to 
appear  in  the  perfect  Insect.     After  this,  there  is  a  gradual  diminution, 
the  plastic  element  being  progressively  withdrawn  by  the  formative  pro- 
cesses ;  until,  in  the  perfect  Insect,  very  few  corpuscles  remain.     When  the 
wings  are  being  expanded,  however,  and  are  still  soft,  a  few  oat-shaped 
corpuscles  circulate  through  their  vessels ;  but  as  the  wings  become  con- 
solidated, these  corpuscles  appear  to  be  arrested,  and  to  break  down  in 
the  circulating  passages ;  supplying,  as  Mr.  Newport  thinks,  the  nutrient 
material  for  the  completion  of  these  structures,  which  subsequently  undergo 
no  change.     The  blood  of  Insects  also  contains  cells  that  are  more  dis- 
tinctly nucleated ;  the  proportion  of  which  seems  to  increase  in  the  Imago 
state,  whilst  that  of  the  more  granular  oat-shaped  corpuscles  diminishes. 
The  blood  of  the  Crab  is  described  by  Mr.  Wharton  Jones  as  possessing  a 
pale  reddish-gray  or  neutral  tint,  and  as  separating  spontaneoasly  into  a 
spongy-looking  mass  and  a  serous  fluid;   the  former  chiefly  consists  of 
aggregated  corpuscles,  there  being  apparently  but  little  fibrillating  mate- 
rial;  the  latter  contains  enough  albumen  to  cause  it  to  coagulate  by  heat 
The  corpuscles  are  stated  by  Prof.  Graham  to  contain  a  sensible  quantitj 
of  iron,  perhaps  as  much  as  red  corpuscles.^    It  is  obvious,  therefore,  that 
in  these  more  elevated  forms  of  the  Articulated  series,  the  circulating  fluid 
presents  a  close  approximation  to  the  blood  of  Vertebrated  animals;  its 
nearest  representative  among  them,  perhaps,  being  the  chyle  of  the  thoracic 
duct. 

382.  In  ascending  through  the  Molluscous  series,  in  like  manner,  we  find 
a  like  gradation  in  the  character  of  the  circulating  fluid,  from  the  thin  and 
almost  watery  contents  of  the  visceral  sac  in  the  Bryozoa,  with  a  few  minute 
irregular  corpuscles  floating  in  it  here  and  there,  to  the  richly-corpuscnkted 
and  spontaneously  coagulable  blood  of  the  Cephalopods,  wldch  is  still,  how- 
ever, a  ''chylaqueous  fluid,"  in  so  far  os  it  passes  tlirough  the  splanchnic 
cavity  in  the  course  of  its  circulation.  In  this,  as  in  the  preceding  serieSi 
a  gradation  in  the  character  of  the  morphotic  elements  is  traced  by  Hr. 
Wharton  Jones  {loc.  cit,),  from  (1)  the  *' coarse  granule-cell"  (2)  to  tke 
**fine  granule-cell,"  and  thence  to  (3)  the  ''colorless  nucleated  cell,"  whieb 
is  the  highest  form  of  corpuscles  in  the  blood  of  Invertebrata.  All  these 
stages  have  their  antitypes  in  the  chyle,  lymph,  and  blood  of  vertebrated 
animals ;  and  the  last-named  form  undergoes  a  further  development  in  Ovi- 
parous Vertebrata,  into  (4)  the  ''colored  nucleated  cell,"  which  is  the  cha- 
racteristic type  of  their  blood-disks.  The  "non-nucleated  colored  cdl," 
which  constitutes  the  red  blood-disk  of  Mammals,  is  regarded  by  Mr* 
Wharton  Jones  as  the  escaped  nucleus  of  the  preceding,  which  has  itself 
taken  the  form  of  a  cell ;  but  other  observers  agree  in  considering  it  a  more 

*  **  PhilosophicAl  Magazine,"  May,  1845. 

«  "  Philosophical  Transactions,"  184C,  pp.  89,  105. 
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advanced  stage  in  the  deyelopmcnt  of  the  nucleated  blood-cell  of  the  Ovi- 
parous Yertebrata,  from  which  the  nucleus  has  disappeared. 

383.  In  the  foregoing  account  of  the  formation,  composition,  and  pro- 
perties of  the  Blood,  it  has  been  shown  that  the  Albuminous  materials 
obtained  from  the  aliment,  or  received  back  from  the  body  itself,  are  gradu- 
ally prepared  for  organization,  whilst  yet  remaining  in  the  fluid  state ;  and 
that,  when  they  have  attained  the  condition  of  Fibrin,  they  have  been  so  far 
modified  by  the  vitalizing  influences  to  which  they  are  subjected,  that  they 
are  capable  of  spontaneously  passing  into  a  state  of  incipient  organization. 
The  production  of  all  the  higher  forms  of  organized  tissue,  however,  is 
manifestly  dependent,  not  upon  the  plastic  properties  of  the  blood  alone, 
bnt  upon  the  Formative  powers  of  the  tissues  themselves ;  each  tissue,  from 
the  time  when  it  first  presents  its  characteristic  structure  in  the  embryo, 
continuing  to  grow,  develop,  and  maintain  itself,  at  the  expense  of  the 
materials  which  it  draws  from  the  blood.  It  would  be  inconsistent  with 
the  character  of  tliis  treatise  to  enter  into  details  upon  this  subject,  which 
will  be  fully  considered  in  the  General  Physiology;  all  that  is  here  appro- 
priate being  a  brief  account  of  the  mode  in  which  the  elementary  forms  of 
Animal  tissue,  namely  cells  and  JibreSj  are  produced. 

384.  The  history  of  the  Animal  Cell,  in  its  simplest  form,  is  essentially 
that  of  a  Vegetable  cell  of  the  lowest  kind.  Every  cell  lives /or  itself,  and 
by  itself,  like  each  of  the  solitary  cells  of  the  humblest  Protophytes ;  and 
if  the  necessary  conditions  be  furnished  (these  being  essentially  a  due  supply 
of  nutriment,  and  a  proper  temperature),  it  may  continue  to  live  and  to 
grow,  and  may  go  through  all  the  phases  of  its  development,  quite  inde- 
pendently of  the  organism  of  which  it  originally  formed  part.  Of  this,  we 
have  numerous  examples  in  the  artificial  implantation  of  parts  of  one  body 
npon  or  within  another ;  the  graft  uniting  itself  with  its  new  stock,  and 
continuing  to  grow  after  its  own  fashion  at  the  expense  of  the  nourishment 
thence  derived.  But  a  still  more  remarkable  example  is  normally  and  con- 
stantly presented  by  the  speimatic  cells  of  certain  animals,  such  as  the  De- 
capod Crustacea,*  and  certain  Nematoid  Entozoa  ;'*  which  are  cast  forth 
from  the  organs  of  the  male  in  which  they  were  generated,  and  are  trans- 
ferred into  the  body  of  the  female,  when  as  yet  they  are  in  a  comparatively 
early  stage  of  their  own  development ;  the  spermatozoa  being  not  then 
fonned  within  them,  but  being  produced  during  the  subsequent  life  of  the 
cells,  which  apparently  goes  on  as  favorably  within  the  generative  pas- 
sages of  the  female,  as  it  would  have  done  within  the  organs  in  which  the 
spermatic  cells  were  at  first  formed,  the  requisite  conditions  being  duly 
supplied.  All  the  component  cells  of  any  one  organism  may  be  considered 
as  the  descendants  of  the  primordial  cell  in  which  it  originated ;  but  the 
methods  of  their  production  are  by  no  means  identical  in  every  instance, 
an  end  essentially  the  same  being  brought  about  by  means  which  appear 
(at  least)  to  be  very  difiPerent.  The  various  modes  of  cell-development 
may,  however,  be  reduced  to  two  principal  forms ; — ^that,  namely,  in  which 
the  new  cells  arise /rom  or  within  pre-existing  cells,  being  produced  by  the 
sabdbrision  either  of  the  cells  themselves,  or  of  their  nuclei,  which  is  termed 
endogenous  development ; — and  that  in  which  they  originate  in  germs  de- 
veloped de  novo  in  the  midst  of  an  organizable  ''blastema,"  which  has  been 
prepared  by  a  previous  exercise  of  vital  force,  and  which  still  requires  the 
continued  operation  of  that  force  ab  extra  for  its  due  organization  (§  343). 

'  Mr.  H.  D.  8.  Goodsip,  in  "Anatomical  and  Pathological  ObserrationB,"  p.  S9. 
s  Dr.  Nelson,  "PhiloBophical  Transactions,'*  1852,  p.  6G5. 
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Each  of  these  modes  of  cytogenesis^  or  cell-development,  will  now  be  sepa- 
rately considered. 

385.  The  multiplication  of  Cells  by  duplicative  subdivinon,  which  we 
have  seen  to  be  the  most  common  form  of  cytogenesis  in  the  vegetable 
kingdom,  is  observed  to  take  place  also  within  the  Animal  body,  after  a 
manner  essentially  the  same,  in  most  cases  in  which  new  parts  are  being 
developed  in  continuity  with  the  old.  The  most  characteristic  example  of 
it  is  seen  in  the  early  Embryo  (§  73) ;  which,  at  first  consisting  of  but  a 
single  cell,  has  its  number  of  cells  augmented  by  snch  duplication,  to  2,  4, 
8,  16,  32,  64,  &c.  The  same  process  may  also  be  watched  through  the 
whole  of  life  in  Cartilage ;  and  it  is  one  of  the  means  by  which  the  Red 
Corpuscles  of  the  blood  arc  multiplied  in  an  early  stage  of  their  develop- 
ment. Where  a  distinct  ''nucleus"  exists,  however — as  is  the  case  in  most 
Animal  cells — ^the  process  of  subdivision  seems  frequently  to  commence  in 
it;  for  before  any  distinct  inflection  of  the  cell- wall  can  be  perceived,  the 
nucleus  may  be  seen  to  elongate,  and  to  show  a  tendency  to  subdivision 
into  two  equal  parts.  Each  of  these,  when  completely  separated,  draws 
round  it  a  portion  of  the  contents  of  the  cell ;  so  that  the  cell* wall,  which 

Fig.  166. 
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Maltiplication  of  Cartilage-eclh  bj  sabdivision : — A,  original  etW;  B,  tbe  Mine,  begiudlf 
to  divide;  c,  tbe  same  showing  complete  division  of  the  nucleus;  D,  tbe  lame  with  the  balm 
of  tbe  nucleus  separated,  and  the  cavity  of  the  cell  subdivided;  e,  continuation  of  theitf* 
process,  with  cleavage  in  contrary  direction,  to  form  a  cluster  of  four  cells;  r,  o,  n,  prodiHiiB 
of  a  longitudinal  series  of  colls,  by  continuation  of  cleavage  in  the  9am4  direction. 

at  first  exhibits  merely  a  sort  of  hour-glass  contraction,  is  at  last  inflected 
so  far  as  to  constitute  a  complete  partition  between  the  two  halves  of  ^ 
original  cell ;  and  these  henceforth  become  two  independent  cells,  whkk 
may  go  through  the  same  process  in  their  turn  (Fig.  165,  A — ^d).  Then- 
petition  of  this  operation  may  take  place  either  in  the  same  or  in  the  coi- 
trary  direction,  so  as  to  produce  four  cells,  either  linearly  arranged  (i»r,fl)t 
or  clustered  together  (h)  ;  and  this  duplication  may  go  on  upon  the  Mat 
plan,  until  a  large  mass  has  been  produced  by  the  subdivision  of  a  mn^ 
original  cell.  In  ordinary  Cartilage,*  it  is  most  common  to  see  the  edb 
forming  clusters ;  but  in  Cartilage  which  is  being  prepared  for  ossificatioii 

1  It  is  thought  by  Dr.  Leidy,  Trho  has  carefully  studied  this  process  in  Cartikge  (*• 
his  valuable  paper  **0n  the  Intimate  Structure  and  History  of  Articolftr  CartiUM" 
in  the  <*Am.  Joum.  of  Med.  Sci.,"  April,  1849),  that  the  direction  of  the  nibdifiiw 
is  determined  by  that  in  Trhich  there  is  least  resistance  to  the  extension  of  th«  gni? 
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e  se^  long  lines  of  cclla,  wbicli 
are  been  obriously  prodnccd  by 
he  first  of  these  methods  of  malti- 
dication. 

386^  Not  nnfreqiicntly,  however, 
,he   multiplication   of  cells   talces 
lace,  not  so  mach  b?  the  suhdjTi- 
lion  of  the  yire-exi sting  cell,  as  bj 
"le  development  of  new  cells  in  its 
tenor;  these  appear  to  take  their 
irigin  in  the  nneleus,  which  sab- 
vides  into  two  or  more  portions, 
ch  of  them  drawing  a  portion  of 
e  contents  of  the  primary  cell  to- 
ards  itself,  and  becoming  convert- 
into  ft  celi  by  the  development  of 
cell- wall  aronnd  this;  aad  they 
adnally  increase  in  dimensions, 
til  they  come  to  occupy  the  eu- 
ro   cavity   of   the    primary-cell  ^ 
d   may  so  distend   its  wall   by 
eir  further  enlargement,  that  it 
C-nn   no   longer  be   distinguished. 
Of  this  method  of  cell-formation, 
also,  we  have  examples  in  cartiN 
age,  especially  iu  its  early  stage  of 
dcTelopment,  when  its  growth  is 
rapid   (Fig,  1C6);    but  we  there 
seldom  see  more  than  three  or  four 
cells  thus  generated  within  a  pri- 
mary cell  at  any  one  time.     It  is  in 
uctores  of  more  rapid  growth, 
c!i   as  granulations,*  and   espe- 
cially in  cells  of  a  cancerous  or 
malignant  character,  whose  speedy 
derelopment  and  no  less  speedy 
degeneration  are  among  their  most 
distingnishbg    featnres,    that    we 
most  frequently  witness  the  sub- 
division of  the  nucleus  into  a  con- 
siderable number  of  parts,  and  the 
development  of  numerous  cells  at 
one  time  within  the  cavity  of  each 
primary  cell  (Fig,  16T)>    The  same 
method  may  often  be  recognized. 
however,  in   the   development  of 
ceUg  within  €^landutar follicles;  for 
where  each  follicle  is  a  single  pri- 
mary cell,  and  its  nucleus  remains 


Fig.  166. 


m 


M 


SeoUon  of  brauebial  Cartilage  &f  Tadpole  of 
Rnna  ptirndojea ; — o,  h,  c^  laiefQcUular  iubtlAiiCfi, 
tfith  which  the  waUa  of  the  jjoretit-ceni  mre  io- 
GDqjoratcrd  ^  d,  eitigle  iiu<?ku9>  t,  nndeua  di^d- 
Ing  Into  two;  of',  t',  two  nudei  in  ono  cell,  formed 
by  dh'iltion  <jf  single  ouoleuj ;  /*  secondary  ceU, 
furrning  nrnund  nudcua  i;/  h,  two  nuclei  within 
siti^^b  seeondary  celh  i,  ihr&e  eeeondary  cdlB, 
within  one  piimarj  cell 

Fig.  1*37. 
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Ejidogenoua  cull-jp^wth,  in  ceHs  of  a  Meli- 
^eritoUA  Tumour  i— a,  cells  preaaating  naclei  in 
rarions  itjig^t  of  deTeloptnent  into  a,  new  brood ; 
5,  pdroriry  cell,  completely  filknl  with  a  new 
brood  of  young  cella,  whleh  have  originated 
from  tho  ^ranoloa  of  its  nuckot. 


4d  ccll»;  but  inch  can  scarcely  b©  tho  case  in  regard  to  the  einbryanic  mass,  the  cella 
of  wbicb,  if  tbia  were  the  sole?  determLnitig  influence,  would  oontioue  to  multiply  <?a  a 
nBifarm  plan;  iuAtJc&d  of  ifhicb,  as  soon  as  they  haTe  arrived  at  a  CL-rtaLn  degree  qf 
mi&titcne&s  of  subdiTislon,  &  diversity  of  arrangement  begins  to  ehow  itfiolf  In  the  com- 
ci«Dt  p&rt:>  of  IF  bat  was  previoufily  a  botiiogetieous  asiemhlage. 
1^  It  Ls  EtAted  by  Blr,  P&get  ("Lectures  on  Surgical  Pathology,"  Jm.  ^d,  p,  128J,  that 
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persistent  as  a  "germinal  centre,"  subsequently  to  its  becoming  a  fol- 
licle by  the  rupture  or  thinning  away  of  a  part  of  its  cell-wall,  it 
appears  to  be  by  the  continual  sprouting  of  new  cells  from  this  nu- 
cleus, that  the  materials  of  the  secretion  are  eliminated  from  the  blood 
(Fig.  175). — As  a  general  rule,  however,  it  may  be  remarked  that  the  pro- 
duction of  a  large  number  of  cells  within  a  single  primary  cell  only  takes 
place  when  this  new  brood  is  not  to  form  a  permanent  part  of  the  organism, 
or  to  be  itself  the  originator  of  a  subsequent  growth.  It  would  seem,  in- 
deed, as  if  this  rapid  method  of  multiplication  occasioned  an  exhaustion  of 
vital  force ;  so  that  the  cells  thus  generated  are  incapacitated  for  any  other 
purpose ;  whilst  the  comparatively  slow  method  of  duplicative  subdivision 
may  be  repeated  time  after  time,  to  an  extent  to  which  it  is  impossible  to 
assign  a  limit,  each  pair  of  cells  thus  produced  having  an  equal  capacity 
with  its  progenitors  for  going  through  that  process. 

387.  There  are  cases,  however,  in  which  cells  are  developed,  withont 
any  direct  connection  with  pre-existing  cells,  in  the  midst  of  a  Hastema 
or  formative  fluid  poured  out  from  the  blood.    Still,  it  is  uncertain  to  what 
extent  this  is  to  be  considered  as  one  of  the  ordinary  modes  in  which  tbe 
elements  of  the  tissues  are  produced  and  increased ;  for  it  has  been  hitherto 
chiefly  observed  in  cases  in  which  a  plastic  exudation  has  been  poured  oat 
for  reparative  purposes,  or  in  which  a  structure  of  an  abnormal  character 
is  being  generated.     The  first  step  in  the  process  usually  appears  to  be  the 
aggregation  of  some  of  the  minute  molecules  which  the  fluid  or  semi-solid 
blastema  contains,  so  that  they  form  little  rounded  masses,  or  nuclei,  from 
which  the  new  cells  originate.     The  mode  in  which  the  cell  wall  is  formed, 
docs  not  appear  to  be  by  any  means  constant.     Sometimes  it  seems  to  rise 
and  separate  itself  from  the  nucleus  itself,  as  if  it  were  formed  by  the  melting 
together  of  molecules  precipitated  upon  or  attracted  to  the  nucleus ;  bot 
more  frequently  it  appears  to  be  generated  by  the  expansion  of  the  wall  of 
the  nucleus  itself;  in  either  case,  however,  commencing  to  enlarge  and 
separate  itself  from  the  nucleus,  by  the  endosmosis  or  assimilation  of 
fluid  from  the  surrounding  blastema.^    But  there  are  other  cases  in  vhidi 
the  nuclear  particles  appear  to  draw  around  them  certain  components  of 
the  substance  in  which  they  lie,  before  any  cell  wall  can  be  discerned,  this 
being  subsequently  generated  around  this  collection,  which  then  constitotM 
the  contents  of  the  newly  formed  cell.     This  first  formed  nudeas  miybe 
persistent,  and  may  take  a  part  in  the  subsequent  vital  actions  of  the  cell, 
of  whatever  kind  these  may  be ;  or  it  may  be  superseded  by  a  second 
nucleus,  which  subsequently  makes  its  appearance  in  some  other  part  of  tbe 
cell  wall. — It  seems  probable  that  the  first  formation  of  the  chyle  and 
lymph  corpuscles,  which  subsequently  develop  themselves  into  blood  cor- 
puscles, takes  place  from  free  nuclei ;  and  it  has  been  maintained  by  some 
that  the  epidermis  and  epithelium  are  likewise  formed  in  the  same  manntf; 
both  these  views,  however,  require  confirmation. 

388.  That  ail  the  Animal  tissues  have  their  origin  in  Cells,  so  that  ena 
the  widest  diversities  of  type  are  reducible  to  the  same  category,  was  the 
doctrine  originally  put  forth  by  Schwann,  who  first  attempted  to  generalin 
the  phenomena  (most  of  them  discovered  by  his  own  observations)  wbidi 
arc  presented  by  their  development.     By  subsequent  research,  howevefi  it 

hi  granulntiouti,  oppociallj  such  as  are  formed  on  bones,  there  are  often  to  be  found Itff* 
oompound  opIIh  of  oval  form,  and  as  mach  as  l-250th  of  an  inch  in  diameter,  oontiii- 
ing  eight,  ten,  or  more  nuclei,  Trbich  hare  been  derived  by  subdiTinon  ttom  theandcv 
of  the  primnry  coll,  and  which  are  probably  destined  to  be  the  nuclei  of  aa  nuuBjMp*' 
rate  celln. 

I  8co  Prof.  Hcnnrtt'ii  Treatise  **0n  Cancerous  and  Cancroid  GrowthSi''  p.  14S. 
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Cells  with  lliidintlug  Fibrefs, 
frpiu  the  fluid  of  iho  vesieleji  of 
Herpoi  labialiai^ 


btis  bceo  slio^ni  that  this  statemeut  was  too  hasty ;  autl  that,  although 
nany  of  the  tissues  retain  their  primitiTe  cdhilar  type  through  life,  and 
flany  more  are  cTidently  generated  from  cells  which  suhsequentlv  undergo 
Qetamorphosis,  there  are  some  in  whicli  scarcely  any  other  cell  agency  can 
be  traced,  than  that  concerned  in  the  preparation  of  the  plastic  niatoriaJ, 
This  would  seem  to  be  the  case  especially  with  those  Simple  Fibrom  Tmuei^ 
rUich  make  up  a  very  considerable  proportion  of  the  hulk  of  the  body, 
I'or  aliliough  it  seems  indubitable  that  they  mat/hQ  formed  by  the  transfor- 
Qalion  of  cells,*  and  although  they  probably  are  thus  generated  in  the  first 
levelopment  of  the  organiam^  yet  their  sobseqiient  production  (especially 

the  reparation  of  injuries  under  favorable  eir- 
imstitnces)  seems  to  be  effected  by  the  fibrilia- 
ion  of  an  "organizable  blastema."    Even  here, 
fcbe  course  and  direction  of  the  fibres  seem  often 
be  determined  by  the  nuclear  particles  which 
ie  fibrillating  substance  includes;  for  in  the  re- 
production of  tendinous  tissue,  as  observed  by 
Paget,'  the  nuclei  are  formed  and  l>ecome 
longated  before  any  fibrillation  is  visible,  and 
lie  fibrillation  takes  place  in  the  direction  in 
rhich  they  lie,  so  that  each  nucleus  is  imbedded 
Q  a  fascicnlus  of  fibres;  and  a  similar  relation 
feas  been  pointed  out  by  Mr.  Addison,^  who  has 
remarked  that  the  fibres  which  are  formed  during 
'lie  coagulation  of  the  liquor  sanguinis  or  in  other 
jila^tic  exudations,  often  seem  to  radiate  from  the 
ells  or  nuclear  corpuscles  which  these  fluids  may 
Contain  (Fig,  168).    These  facts  give  a  sufficient  explanation  of  the  presence 
of  nuclei  in  the  midst  of  the  simple  fibrous  tissues,  which  has  been  adduced 
support  of  the  doctrine  of  their  origin  in  cells, — ^A  very  marked  example 
the  production  of  fibres  in  the  midst  of  an  organtzahle  substance,  with- 
out any  direct  intervention  of  ceils,  is  aflbrded  hy  FihrQ-Cariilagnf  the 
radons  forms  of  which  present  every  gradation  between  the  perfectly  homo- 
encous  intercellular  substance  of  ordinarj^  Cartilage,  and  a  distinct  Fibrous 
s*ttie.    HcrCj  too,  it  is  possible  that,  although  the  fibres  do  not  themselves 
"originate  in  the  transformation  of  cells,  the  cells  of  the  cartilage  may  exert 
_8Deli  a  determining  agency  in  their  prodaction,  as  appears  to  proceed  from 
Ise  nuclei  in  the  cases  previously  referred  to.^ — Of  all  the  varieties  of  Fibrous 
|i?fiue  thus  generated,  it  may  be  stated  that  their  function  is  simply  meehan- 
eal ;  that  consequently  the  performance  of  that  function  does  not  depend 
Ipon  a  continuance  of  vital  activity  j  and  that  they  do  not  seem  to  possess 
jiiat  power  of  seif-formation  which  is  characteiistic  of  the  cellular  tissues, 
^nt  for  ihe  most  part  depend,  for  their  production,  maintenance,  and  re- 
eneration  after  injury,  upon  the  formative  power  of  the  Blood  (§  374), 
389.  The  leading  conclusions  in  regard  to  the  Chemistry  of  the  Animal 
:>dy,  to  wrhteh  the  Chemico-physiological  labors  of  recent  times  appear  to 
fioiol,  may  be  summed  up  as  follows: — 
T*  The  Organic  materials  indispeusable  for  the  genewis  of  tissue,  consist 
Albuminous  and  Fath/  compounds,-^The  former  present  themselves  nn- 
ler  various  aspects,  in  tlie  Ycgetablc  as  well  m  in  the  Animal  kingdom,  all 
'  eing  reducible,  however,  to  the  ordinary  state  of  Albumen  by  the  diges- 

•  *•  Lectures  oa  fiargicftl  Pfttbology,"  Am.  Ed,,  p.  125.  *  Op.  ciL,  p.  122. 

I  ■  •*  Second  Seriea  of  Espcriinental  Research ea  on  the  Process  of  ^'ut^i^on  ia  tii«  Liv- 
;  Stnictare/'  p,  5;  and  *' Third  Series,"  p,  7, 
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tive  process,  and  in  their  natural  state  of  combination,  they  inelade  most 
of  the  inorganic  substances  which  are  required  in  addition.  There  is  no 
reason  whatever  to  believe  that  Albuminous  compounds  can  be  generated 
within  the  animal  body,  b^  the  transformation  of  substances  belonging  to 
an  entirely  diflferent  type.  The  latter  are  directly  afforded  by  ordinary 
animal  food,  and  by  many  kinds  of  vegetable  productions ;  and  it  seems  to 
be  when  they  are  thus  supplied,  that  they  are  most  readily  made  available 
in  histogenesis.  They  may  be  produced  within  the  body,  however,  by  the 
metamorphosis  of  either  Albuminous  or  Saccharine  compounds. 

n.  The  great  mass  of  those  tissues  of  the  body  which  belong  to  the  ceU- 
tdar  type,  is  generated  at  the  expense  of  Albuminous  matter  (fat-particles, 
however,  being  intimately  blended  with  this  in  an  early  stage  of  cell-forma- 
tion) ;  of  this,  we  have  a  notable  example  in  the  case  of  Mnscalar  tissue ; 
but  the  cell-walls  of  all  other  textures  would  probably  be  found,  if  they 
could  be  entirely  freed  from  their  contents,  to  have  the  same  composition. 
The  molecular  condition  of  the  particles  composing  the  amorphous  coagu- 
lum  and  the  living  cell,  however,  must  be  entirely  different,  even  if  they  be 
altogether  chemically  identical ;  and  the  latter  exhibits  distinctive  vital  pro- 
perties, in  virtue  of  the  organizing  process  to  which  its  material  has  been 
subjected.  Not  merely  the  cell-walls,  but  the  cell-contents  of  these  tissues 
(with  the  exception  of  those  concerned  in  the  act  of  excretion),  seem  to  be 
derived  from  the  Albuminous  or  from  the  Patty  constituents  of  the  blood: 
this  seems  clear,  for  example,  in  regard  to  the  globulin  and  haematin  of  the 
red  corpuscles  of  the  blood,  and  the  horny  matter  of  the  epidermis  and  its 
appendages,  which  must  have  their  source  in  the  former ;  and  also  with  re- 
spect to  the  contents  of  the  adipose  and  nervous  vesicles,  which  must  be 
drawn  wholly  or  in  part  from  the  latter.  Whether,  in  the  constraction  of 
the  tissues  of  this  class,  the  Albumen  of  the  blood  may  serve  directly  as  the 
pahtdum  for  the  production  of  cells,  or  whether  it  must  needs  pass  first 
through  the  condition  of  Fibrin,  cannot  be  distinctly  affirmed ;  there  is  no 
positive  evidence  in  support  of  either  proposition ;  but  the  probabilities 
appear  to  the  Author  decidedly  to  favor  the  former  view. 

in.  The  great  mass  of  the  Gelatigenous  tissues  of  the  body,  whose  text- 
ure is  simply  jihrous^  is  also  derived  from  the  Albuminous  element  of  the 
blood ;  but  this  passes  through  the  intermediate  condition  of  Fibrin,  which 
may  be  regarded  as  a  substance  endowed  with  the  power  of  self-develop- 
ment into  a  low  form  of  organized  structure,  and  therefore  as  having  alrautf 
undergone  a  vitalizing  influence.  There  is  no  sufficient  reason  to  believe 
that  Gelatin  employed  as  food  can  ever  be  applied  even  to  this  purpose  in 
the  body ;  since  all  that  we  know  of  the  genesis  of  the  simple  fibrous  tissues, 
indicates  that,  in  assuming  their  characteristic  structure,  they  pass  through 
gradations  similar  to  those  which  we  witness  in  the  production  of  the  iS- 
ventitious  tissue  of  fibrinous  exudations. 

iv.  When  the  death  and  disintegration  of  the  tissues  again  bring  their 
components  under  complete  subjection  to  Chemical  forces,  an  entirely  dif- 
ferent scries  of  metamorphoses  takes  place,  tending  to  degrade  these  com- 
ponents towards  the  condition  of  inorganic  compounds.  They  would  seem 
to  resolve  themselves  into  two  classes  of  substances ; — on  the  one  hind, 
saccharine,  oleaginous,  and  resinous  matters,  analogous  to  those  of  planiSi 
in  which  carbon  predominates ; — on  the  other,  a  set  of  compounds  pecoliar 
to  animals,  of  which  nitrogen  is  the  characteristic  ingredient.  From  the 
albuminous  constituent  of  muscle,  for  example,  there  is  direct  evidence  thtt 
fat,  sugar,  and  lactic  acid  may  be  generated  on  the  one  hand ;  on  the  other, 
creatine,  and  (probably  through  this  creatine)  urea,  with  the  rest  of  the 
highly  azotizcd  components  of  the  urinary  excretion.    The  sugar  generated 
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by  the  agencj  of  the  liver,  Trom  tbe  products  of  the  wasto  or  disintegration 
of  the  system  that  are  contained  in  the  blood,  seems  to  be  at  once  employed 
Hio  supporting  the  comhustive  process  by  which  the  animal  heat  is  main- 
^■tained.     The  fat  may  be  directly  applied  to  the  same  purpose,  or  may  be 
^Ktored  ap  in  the  cells  of  Adipose  tissue  for  future  use.     The  peculiar  resin- 
^■tos  acids  of  the  bile,  which  are  probably  formed  from  the  same  source,  ap- 
pear to  fulfil,  in  part,  at  least,  a  similar  destination,  after  having'  been  made 
subseryient  to  other  parposes.     The  lactic  acid,  ehiefly  generated  in  the 
snbstanee  of  the  muscles  (probably  by  the  metamorphosis  of  a  saccharine 
[compound,  which  may  be  looked  on  as  the  immediate  product  of  their 
^lisintegration),  is  in  like  manner  destined  to  be  carried  off  by  the  respira- 
ary  process,  though  a  part  of  it  moy  lirst  be  rendered  subservient  to  the 
Igestive  operation.     But  if  the  respiratory  process  should  not  be  euffi- 
iently  active  to  remove  these  highly  carbonized  compounds  from  the  blood, 
ire  may  find  the  lactic  and  hippuric  acids  in  the  urine,  with  the  addition  of 
arbonaceous  pigmentary  matter.     On  the  other  Land,  the  highly  azotiEed 
abstances  are  destined  for  immediate  elimination  liy  the  kidneys;  theur 
presence  in  the  curreat  of  the  circulation  being  so  hurtful,  that  accumala- 
tion  even  in  small  amount  might  indaee  fatal  results, 

V.  Besides  the  foregoing  substances,  there  are  doubtless  others  which 

ave  not  been  so  carefully  studied,  and  which  are  passed  off  by  distinct 

iiannels.     Thus,  we  have  no  precise  knowledge  of  those  products  of  dis- 

ategratioa  which  are  thrown  oflf  by  the  skin ;  and  the  proper  fecal  matter, 

irbich  is  uadoubtedly  derived  from  some  excretion  poured  into  the  aliment- 

caaal,  rather  than  from  putrescent  changes  in  the  residue  of  the  sub- 
inces  which  are  passing  through  it,  has  not  yet  been  made  the  subject  of 
accurate  examination. 

VI.  Where  more  alimentary  matter  is  introduced  into  the  blood  than  is 
required  for  the  ffenesi^  of  living  tissue,  this  probably  undergoes  the  same 
decomposing  changes  as  do  the  effete  matters  that  are  set  free  by  the  dis- 
integration of  the  organized  fabric.  The  saccharine  and  oleaginous  matters 
are  directly  carried  off  by  the  combustive  process,  only  that  portion  heing 
applied  to  the  production  of  adipose  tissue,  which  may  not  be  required  for 

ie  maintenance  of  the  temperature  of  the  body ;  whilst  the  albuminous  and 
elatinous  appear  to  be  resolved  into  the  two  classes  of  compounds  already 
adicated,  part  of  which  are  eliminated  by  the  liver  and  lungs,  the  other 
art  chiefly  by  the  kidneys,  but  also  by  the  skin  and  (its  internal  reflexion) 
^iliraentary  canal.     It  may  here  be  mentioned,  as  affording  positive  evi- 
of  the  production  of  sugar  from  albaminous  compounds  within  the 
Mag  body,  that  it  is  found  in  the  milk  of  Carnivorous  animals,  which  have 
been  for  some  time  restricted  to  a  diet  of  animal  fiesh.^ — Our  data  are  at 
present  far  too  imperfeetj  to  allow  this  series  of  metamorphoses  to  be  defi- 
nitely represented  by  the  aid  of  formulfc ;  nevertheless,  there  are  certain 
general  relations  which  have  a  real  existence,  and  which  may  be  appro- 
priately  indicated  in  this  mode.     The  following  are  given  by  Prof,  Lie  big," 
as  examples  of  the  transformations  which  tnatf  occur ;  it  is  to  be  observed, 
however,  that  some  of  the  formulm  which  he  employs  {op,  cit  p.  431),  differ 
from  those  in  common  use, 

1  equiv.  of  Albumeo  with  10  equiv,  of  Water,  contains  the  elements  of  2 
equiv.  of  Gelatin  and  1  equiv.  of  Choleic  (tanro-cholic)  acid,  thus: — 

1  Thk  waa  at  one  Emo  dcdcd  bj  Dumas ;  but  the  fact  lias  been  fully  established  by 
tbe  researcfaes  of  B«o8chf  who  has  also  explomed  the  reasooof  Dumfts's  failure  to  detect 
the  presence  of  sugar.     (See  *'  Ann.  der  Chem.  uad  Pharta/*  band  1x1,  p.  221.) 

<  **f  umiyar  Lottera  on  Chemistry/*  p*  4S9, 
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C        H      N      O     8 

1  Albumen  =  216    169    27    68    2^ 
10  Water      =  10  10 


216  179  27  78  2 


C.  H.  N.  0.  8. 

r  164  184  26  64   = 

62  45   1 '  14  2 : 

216  179  27    78    2 


3  2  Gelatin. 
B 1  Choleic  acid. 


1  equiy.  of  Fibrin  of  Blood  with  8  equir.  of  Water,  contains  the  elements 
of  1  equiy.  of  Gelatin  and  1  equiv.  of  Albumen. 


C.       H.     N.    0.    8. 
1  Fibrin      =  298    228    40    92    2  ' 
8  Water      =88 


298    286    40  100    2 


C.  H.  N.     0.  S. 

216  169  27    68  2 1 

82      67  13    82       : 

298  286  40  100  2 


1 1  Albumen, 
il  GeUtin. 


1  equiv.  of  Casein  with  10  equiv.  of  Oxygen,  contains  the  elements  of  1 
equiv.  of  Albumen  and  1  equiv.  of  Chondrin. 


1  Casein 
10  Oxygen 


C.      H.     N.     0.  8. 

s288    228    86    90  2 
10 

288    228    86  100  2 


C.       H.     N. 

216    169    27 

72      69      9 


0.    8. 

68    2  =  1  Albumen. 

82       a  1  Chondrin. 


288    228    86  100    2 


The  three  preceding  formulsB  represent  such  metamorphoses  as  may  occnr 
in  the  genesis  of  tissues ;  the  following  represent  some  of  those  which  maj 
take  place  in  their  disintegration^  in  which  (it  must  be  remembered)  oxygen 
drawn  from  the  air  performs  an  important  part. 

1  equiv.  of  Albumen  with  10  equiv.  of  Water  and  56  equiv.  of  Oxygen, 
contains  the  elements  of  1  equiv.  of  Choleic  (tauro-cholic)  acid,  2  equiv. 
of  Cholic  (glyco-cholic)  acid,  12  equiv.  of  Frea,  and  36  equiv.  of  Carbonic 
acid. 


c. 

H. 

N.     0. 

S. 

C.     H. 

N. 

0. 

8. 

1  Albumen =21 6 

169 

27    08 

21 

r    62    46 

1 

14 

2  =  1  Choleic  tod. 

10  Water     = 

10 

10 

104    86 

2 

24 

=  2  Cholic  a4ad. 

60  Oxygen  = 

66 

■=*' 

24    48 
36 

24 

24 
72 

=  12  Urea. 

=  36  Carbonic  add. 

216 

179 

27  184 

2 

216  179 

27 

184 

2 

1  equiv.  of  Gelatin  with  10  equiv.  of  Oxygen,  contains  the  elements  of 
1  equiv.  of  Cholic  (glyco-cholic)  acid,  3  equiv.  of  Uric  acid,  and  12  equit. 
of  Water. 


1  Gelatin  = 
10  Oxygen : 


C. 

=  82 


H. 

07 


N. 

13 


0. 
82 
10 


82    67    13    42 


C. 
52 
30 


n. 

43 
12 
12 


N. 

1 

12 


0. 

12  = 

18  r 

12i 


B   1  Cholic  tcid. 
:  8  Uric  acid. 
!  12  Water. 


82    67     13    42 


1  equiv.  of  Chondrin  contains  the  elements  of  one  Cholic  (glyco-cholic) 
acid,  2  Uric  acid,  and  8  Water. 


1  Chondrin  =  72 


H. 

69 


N.    0. 
9    82 


}-{ 


C.     H.  N.  0. 

62    43  1  12=lChoUoacid. 

20      8  8  12  =  2  Uric  acid. 
8  8  =  8  Water. 


72    69    9    82 


Now  although  it  must  be  admitted  that,  by  a  dexterous  management  of 
formulae,  almost  any  kind  of  transformation  may  be  effected  on  paper,  yet 


r 
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"the  aboTC  coincidences  are  so  remarkable  in  thetnselres,  and  are  so  closely 
Bceordant  with  phenomena  of  whoso  occurrence  we  haTc  independent  ctI- 

leDce,  that  it  seems  hardly  just  to  regard  them  as  merely  fortuitous, 

viL  The  Inorganic  acids,  bases^  and  saline  componnds^  which  properly 
rank  as  constituents  of  the  body,  are  for  the  most  part  applied  to  its  con- 
siractiou  in  the  forms  in  which  they  were  introduced  from  the  food ;  and 
they  reappear  under  the  same  forms  in  the  excretions.  But  new  compounds 
are  also  produced  daring  the  progress  of  the  metamorphic  changes  already 
referred  to.  Thus,  a  portion  of  the  Sulphur  taken  in  as  a  constituent  of 
alljuininous  food,  seems  to  be  oxidized  in  the  final  disiutcgration  of  the  tis- 
sues by  which  that  albumen  was  appropriated,  and  is  eouTerted  into  sul- 
phuric acid ;  a  part,  howeverj  still  remaiaing  unoxidizedi  and  passing  off 
in  that  state  both  by  the  bile  and  the  urine.  So,  again,  if  Phosphorus  (as 
such)  be  a  conslitneat  of  the  protein-compounds,  or  be  united  witli  fatty 
matters,  it  must  undergo  s  similar  oxidation  mthin  the  system ;  os  it  scarcely 
ever  presents  itself  in  the  excretions  under  any  other  form  than  that  of  phos- 
phoric acid.  On  the  other  hand^  by  the  oxidation  of  various  organic  acids 
largely  contained  in  vegetable  food,  their  alkaline  bases  are  reduced  to  the 
.  state  of  carbonates,  so  as  to  be  ready  to  combine  with  any  of  the  stronger 
ids  that  may  be  present  in  the  system  \  and  ammonia  seems  also  to  be 
generated  *de  nova.  Thus  a  supply  of  bases  is  prepared,  ready  to  neutralize 
not  merely  the  acids  whose  mode  of  production  has  just  been  described,  but 
also  the  uric,  liippuric,  and  lactic  acids  which  are  generated  within  the 
body,  and  which  do  not  readily  pass  off  from  it  except  in  combination 
"th  bases ;  and  according  as  the  proportion  of  these  bases  is  equivalent  to 
at  of  the  acids  J  exceeds  it,  or  is  exceeded  by  it,  will  the  unne  be  neutral, 
alkaline,  or  acid.— When  mineral  substances,  whose  presence  is  superfluous 
or  Eoxious,  are  introduced  into  the  body,  an  effort  is  usually  made  for  their 

iliraiuation.  by  some  of  the  excretory  organs;  most  commonly  by  the  kidneys, 
390,  It  has  been  shown  (§  345)  that  in  the  nutrition  of  the  parte  con- 
cerned in  the  maintenance  of  Organic  life  alone,  the  quantity  of  new  tissue 
produced  (the  requisite  amount  of  formative  power  being  supplied)  depends 
chicdy  upon  the  quantity  of  material  specially  adapted  for  its  generation. 
But  in  the  ease  of  the  tissues  which  minister  to  the  Animal  functions,  a 
different  rule  seems  to  hold  good  ;  for  in  these  we  find  that  the  activity  of 
reparation  is  dependent  upon  the  degree  of  previous  waste  or  disintegration ^ 
caused  by  the  performance  of  their  peculiar  operations;  so  that,  if  they  be 
kept  ill  complete  inactivity,  no  nutritive  changes  can  take  place  in  them,  not- 
withstanding the  greatest  abundance  of  their  respective  pabuhj  and  degene- 
ration immediately  commences ;  whilstp  if  their  functions  be  performed  with 
unusual  energy,  so  that  an  increased  amount  of  **  waste"  takes  placej  this 
waste  is  niore  than  required  by  the  nutritive  activity  of  the  part  (provided 
that  a  sufficient  amount  of  duly  prepared  material  be  supplied),  and  a  posi- 
tive increme  of  its  substance,  with  a  like  increase  of  functional  poweis  is 
the  result.  It  is  a  very  remarkable  circumstance  that  the  nutrition  of  ho^ttSf 
at  least  in  those  situations  in  which  they  serve  to  afford  fixed  points  of  at- 
tachment to  muscles,  rather  than  to  support  and  protect  the  softer  parts, 
is  closely  related  to  the  development  of  the  muscles;  so  that  when  this  is 
augmented  by  continued  activity,  the  bones  become  stronger,  and  their 
l^rominences  and  ridges  more  decided ;  whilst  if  it  be  checked  by  disuse, 

'  e  nutrition  of  the  bone  also  is  impaired,  and  its  bulk  speedily  diminishes** 


<  Til  us.  Dr.  JuLu  HM  found  that  the  Telntivo  weights  of  the  Banca  and  Jlusclea  of 
the  two  hind-lega  of  a  rabbity  from  which  u  portion  of  the  s^intk  Derrc  on  on<s  &lde 
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391.  Thas,  the  condition  of  nntritive  activity  in  the  tissues  which  are  the 
instruments  of  the  Animal  functions,  is  as  strikingly  opposed  to  that  which 
prevails  in  the  part  of  the  organism  appropriated  to  the  Vegetative  func- 
tions, as  are  the  conditions  under  which  those  functions  are  respectively 
performed.  For,  as  we  have  seen,  Vegetative  activity  of  every  kind  is 
entirely  constructive ;  and  its  conditions  are  merely  (1)  the  supply  of  organi- 
zable  matter,  and  (2)  the  requisite  organizing  force.  On  the  other  hand, 
Animal  activity  is  in  its  essential  nature  destructive;  and  its  conditions 
involve  the  reconversion  of  organized  tissue  into  the  inorganic  state.  Bat, 
in  some  mode  not  yet  understood,  the  performance  of  this  cKestructive  ope- 
ration excites  a  corresponding  exertion  of  the  constructive ;  and  the  tissues 
are  renewed  or  even  augmented.  The  explanation  may  perhaps  lie  in  the 
fact  that  the  exercise  of  the  endowments  of  the  Nervous  and  Muscular 
tissues,  which  depends  upon  conditions  external  to  themselves,*  itself 
becomes  a  means  of  determining  an  increased  afflux  of  blood  to  them,  on 
the  principles  already  laid  down  (§  252) ;  and  it  is  on  the  increase  of  vege- 
tative activity  which  thus  takes  place  that  the  augmented  nutrition  seems 
to  depend.  On  the  other  hand,  when  these  tissues  are  not  called  into  action, 
the  circulation  through  them  becomes  extremely  languid,  and  their  nutrition 
suffers  accordingly. 

392.  In  addition  to  the  foregoing  peculiarities,  it  is  to  be  rem*arked  that 
the  activity  of  nutrition  among  higher  Animals  varies  greatly  in  proportion 
to  the  age  of  the  individual.  Among  Plants,  one  part  of  the  fabric  may 
die,  whilst  another  is  vigorously  growing  and  extending  itself,  the  two 
having  no  relation  of  mutual  dependence;  and  the  same  may  happen 
among  Zoophytes.  But  we  find,  as  we  ascend  the  Animal  series,  that  ss 
the  individual  parts  become  more  and  more  intimately  dependent  upon  one 
another,  the  nutritive  activity  of  each  is  more  and  more  closely  related  to 
that  of  the  remainder,  and  consequently  to  that  of  the  organism  at  large. 
Moreover,  we  find  that  growth  consists  less  in  mere  external  addition  to  the 
parts  already  formed  (as  it  does  for  the  most  part  in  Plants),  but  more  and 

bad  been  removed  soven  weeks  before,  so  as  entirely  to  paralyze  the  limb,  were  u 
foUows : — 

Sound  limb.  raralyzed  Umb. 

Muscles 827  grains  170  grains. 

Tibia  and  Fibula     ....       89  grains  81  grains. 

There  was  an  obvious  difference,  also,  in  the  ultimate  structure  of  the  muscles  of  the 
two  limbs;  for  the  fibres  of  the  paralyzed  muscles  were  considerably  smaller  than  those 
of  the  other  side,  exhibited  the  longitudinal  and  transverse  stri»  much  less  distinctljr, 
and  had  a  shrivelled  appearance.  ("  Physiological,  Pathological,  and  An»tomical  Se- 
searches,"  p.  10.) 

'  The  activity  of  Muscle  must  be  called  forth  by  the  stimulus  of  innervation,  or  by 
other  excitants  immediately  applied  to  itself.  That  of  the  afferent  portion  of  the  Nerv- 
ous substance  is  entirely  dependent  upon  the  reception  of  impressions  frKxm  without,  so 
that  if  these  be  withheld  it  remains  in  a  state  of  torpor,  and  its  nutrition  is  propor> 
tionably  affected — as  we  see  in  the  case  of  the  eye,  when  the  access  of  light  to  tbl 
retina  is  completely  prevented  by  opacity  of  the  cornea.  In  like  manner,  the  acttvity 
of  the  central  organs  is  dependent  upon  the  excitement  which  they  receive  throogk 
the  afferent  nerves,  or  fW>m  mental  operations;  and  thus  we  find  that  a  continiiaiiei 
of  intellectual  exertion,  if  not  too  severe,  tends  to  augment  the  nutrition  of  the  bruB. 
And  the  activity  of  the  efferent  portion  of  the  nervous  system  is  entirely  dependoit 
upon  that  of  the  central  organs,  so  that  the  nutrition  of  any  part  of  it  ceases,  as  soon 
as  it  is  separated  from  them.  But  it  is  a  remarkable  circumstance,  first  clearly  aseff- 
tained  by  Dr.  Waller,  that  if  the  connection  of  the  sensory  nerves  with  the  centnl 
organs  be  interrupted,  so  that  they  cannot  propagate  onwards  the  impression  they  hate 
received,  their  nutrition  is  immediately  impaired.  (**  Philosophical  TransactioBii'' 
1860,  Part  II.) 
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more  in  interstitial  enlargement ;  and  this  involves  a  continual  remodelling 
of  the  entire  fabric.  Thas  all  the  tissues,  even  those  most  consolidated,  are 
undergoing  continual  changes  in  the  young  animal ;  and  it  would  seem  as  if 
the  duration  of  their  component  parts  is  much  less  than  in  more  advanced 
life,  so  that  disintegration  and  renewal  more  rapidly  succeed  each  other 
(§  117).  Here,  as  elsewhere,  we  find  that  duration  a.nd  functional  activity 
are  in  the  inverse  ratio  to  each  other.  The  dull  perceptions,  and  slow  and 
feeble  movements,  of  the  aged  individual,  are  in  no  less  striking  contrast 
with  the  acute  sensibility,  and  the  rapid  and  vigorous  muscular  actions,  of 
the  child,  than  is  the  sluggishness  of  the  interstitial  changes  in  the  former, 
as  compared  with  their  energy  and  activity  in  the  latter.  Hence  it  may  be 
stated  as  a  general  fact,  that  the  vital  activity  of  the  component  parts  of 
the  organism  diminishes  with  the  prolongation  of  the  general  life  of  the 
whole. 

393.  That  the  function  of  Animal  Nutrition  is  capable  of  being  con- 
siderably modified  by  the  influence  of  the  Nervous  system,  cannot  be 
doubted  by  any  one  who  duly  considers  the  facts  which  have  been  brought 
to  light  by  experiment  and  observation.  But  still,  there  appears  to  be  no 
sufficient  reason  for  regarding  the  ordinary  Nutritive  operations  as  in  them- 
selves necessarily  dependent  upon  Nervous  agency  (§  97).  In  fact,  the 
results  of  injury  to  the  nerves  of  a  part  seem  to  be  exerted  rather  in  a  dis- 
turbance or  perversion,  than  in  an  actual  suspension  of  them.  And  seeing, 
as  we  do,  that  active  nutrition  takes  place  in  the  embryo,  long  before  nerves 
have  been  developed,  and  that  it  goes  on  in  parts  {e,  g,  cartilage)  into  which 
it  may  be  said  with  certainty  that  no  nerves  enter,  we  seem  to  have  full 
confirmation  of  the. inference,  which  rests  upon  the  essential  conformity  be- 
tween the  processes  of  Animal  and  Vegetable  Nutrition — ^that  in  the  one 
case,  as  in  the  other,  the  operation  is  efiectcd  by  the  formative  powers  of 
the  part  itself,  exerted  upon  the  plastic  material  supplied  to  it ;  but  that 
these,  in  the  Animal,  are  modified  and  directed  by  Nervous  agency,  in  such 
a  manner  as  to  harmonize  them  with  each  other,  and  with  the  general  re- 
quirements of  its  organism. 


CHAPTEE    IX. 

OP  SECRETION  AND  EXCRETION. 

1.    General  Considerations, 

894.  The  parallel  between  the  Yegetable  and  Animal  kingdoms,  which 
has  hitherto  been  so  close,  fails  us  when  we  arrive  at  this  department  of 
the  inquiry ;  for  the  conditions  of  Vegetable  existence  do  not  require  that 
proYision  for  the  maintenance  of  the  purity  of  the  nutritive  fluid,  by  the 
removal  of  effete  matters,  which  becomes  the  most  constant  and  urgent 
necessity  of  Animal  life.  It  would  seem  as  if  all  the  nutritive  material 
assimilated  by  the  leaves  of  Plants,  is  applied  to  their  growth  and  develop- 
ment, or  is  stored  up  as  a  provision  for  future  operations  of  the  same  kind ; 
and  the  supply  is  so  exactly  proportioned  to  the  demand  (§  346),  that  there 
is  seldom  any  unappropriated  residue  of  assimilated  matter  left  to  become 
injurious  by  its  superfluity  and  by  its  tendency  to  decomposition.  More- 
orer,  the  parts  which  have  fulfilled  their  purposes  in  the  system,  and  whose 
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term  of  life  is  expired  (such  as  the  leaves  and  flowers),  are  cast  oflf  en  masse; 
their  ultimate  decay,  in  which  they  return  to  the  state  of  simple  binary 
compounds,  takes  place  after  their  separation ;  and  no  such  interstitial  death 
and  decomposition  occur  in  the  regular  progress  of  Vegetable  life,  as  we 
have  seen  to  be  necessary  conditions  of  Animal  activity.  There  is  nothing, 
then,  save  Carbonic  acid  and  Water,  which  needs  to  be  cast  out  of  the 
Yegetable  organism ;  and  for  the  elimination  of  these,  we  have  found  a 
special  provision  to  be  made. — In  the  Animal,  on  the  other  hand,  there  are 
numerous  modes  in  which  the  Circulating  fluid  may  be  rendered  impure. 
In  the  first  place,  a  larger  amount  of  nutriment  may  be  introduced  into  the 
blood,  than  the  Nutritive  operations  can  appropriate;  for  we  have  just  seen 
that  the  formative  energy  of  those  Nervo-muscular  tissues,  which  make  up 
by  far  the  largest  proportion  of  the  bodies  of  the  higher  animals,  has  no 
relation  whatever  to  the  supply  of  food,  but  depends  upon  the  exercise  to 
which  they  have  been  subjected ;  so  that,  unless  the  amount  of  food  ingested 
be  proportioned  to  this,  there  must  remain  a  superfluity  which  soon  becomes 
injurious  by  decomposition,  its  highly-azotized  nature  rendering  it  peculiarly 
liable  to  undergo  this  change,  at  the  elevated  temperature  of  warm-blooded 
animals.  Further,  it  seems  scarcely  possible  that  the  varied  demands  which 
are  made  upon  the  nutritive  fluid  of  higher  animals,  for  the  supply  of  the 
requisite  components  of  the  several  tissues,  can  be  so  accurately  adjusted 
under  all  circumstances,  as  not  to  leave  some  residue  incapable  of  farther 
use,  and  therefore  unsuitable  to  be  retained.  But  the  great  and  constant 
occasion  for  the  excretory  operations,  undoubtedly  arises  from  the  disinte- 
gration, to  which,  as  so  frequently  mentioned,  the  whole  apparatus  of  Ani- 
mal life  is  subject  as  the  very  condition  of  its  vital  activity ;  and  therefore 
the  demand  for  their  perfonnance  will  vary  with  the  degree  of  that  actirity. 
All  that  has  been  already  said  on  this  point  under  another  head  (§§  277, 
278),  is  equally  applicable  here.  So  urgent  is  the  necessity  for  this  pro- 
cess, that,  as  Dr.  Marshall  Hall  has  justly  remarked,  the  functions  of  eges- 
Hon  are  more  immediately  necessary  to  the  maintenance  of  Animal  life, 
than  arc  those  of  ingestion.     This  will  more  fully  appear  hereafter. 

395.  But  besides  that  separation  of  effete  matters  from  the  blood,  for  the 
purpose  of  maintaining  its  purity,  which  is  usually  distinguished  as  Excn- 
Hon,  we  find  that  certain  products  are  elaborated  from  it  for  special  pnr- 
poses  in  the  economy ;  and  it  is  to  the  process  by  which  this  is  accomplished, 
that  the  term  SecreHon  in  its  more  restricted  sense  is  applicable.  But  eTen 
this  has  scarcely  any  parallel  in  the.  Vegetable  kingdom.  For  although 
there  is  a  large  class  of  substances  which  are  commonly  designated  is 
"  Vegetable  Secretions,"  yet  these  are  not  poured  out  upon  the  surface  nor 
into  the  cavities  of  the  Plant,  but  are  stored  up  in  its  constituent  cells,  of 
which  they  form  the  characteristic  contents;  and  thus  they  bear  the  same 
relation  to  it,  as  the  oleaginous  contents  of  the  fat  cells,  or  the  cnlcareoos 
deposit  in  the  cells  of  shells,  &c.,  bear  to  the  Animal  organism  (§  359). 
We  shall  presently  see,  however,  that  the  production  of  the  two  SecredoBS, 
and  even  of  the  Excretions  of  Animals,  is  a  process  which  is  referable  to 
the  same  general  category  as  Nutrition ;  the  separation  of  the  several  com- 
ponents of  each,  from  the  blood,  being  effected  by  the  development  of  cell«» 
to  which  they  form  the  appropriate  pabulum  (§§  398,  399). 

2.  SecreHon  in  Vegetables, 

396.  It  might  seem  almost  superfluous  to  add  anything  under  this  head, 
to  what  has  been  just  said,  as  to  the  absence  of  any  true  secreting  or  excret- 
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ing  process  in  Plants.  Bat  there  are  certain  doctrines  current  upon  this 
subject,  to  which  it  seems  necessary  to  make  more  particular  allusion. — 
The  nearest  approach  to  a  true  Excretion  seems  to  be  presented  by  those 
eases,  in  which  peculiar  organic  compounds  are  exuded  from  the  surface ; 
as  honey  in  flowers,  wax  upon  leaves  and  fruits,  gums  and  gum-resins  upon 
bark,  &c.  In  these  and  other  similar  instances,  however,  the  exudation 
appears  chiefly  to  result  from  the  superabundance  of  the  product  in  the 
subjacent  tissues,  and  is  not  to  be  considered  in  any  other  light  than  as  re- 
lieving their  distension.  It  may  be  subservient  at  the  same  time,  however, 
to  some  secondary  purpose ;  thus  the  honey  of  the  flower  is  attractive  to 
insects,  whose  services  in  the  act  of  fertilization  are  frequently  important, 
and  sometimes  absolutely  essential.  And  this,  with  the  acrid  fluids  secreted 
in  the  so  called  "glands,"  or  agglomerations  of  cells,  at  the  base  of  the 
hairs  of  the  Nettle,  &c.,  may  be  regarded  as  the  nearest  approximation 
exhibited  by  Plants  to  the  true  Secretions  of  Animals. 

397.  It  has  been  imagined  that  Plants  have  the  power  of  throwing  off 
from  their  roots  substances  injurious  to  their  economy ;  and  the  matters 
thus  separated  have  been  regarded  as  real  Excretions.  Thus  it  was  found 
by  Bonnet,  that  if  a  rapidly  growing  plant  have  its  roots  divided  into  two 
bundles,  and  one  of  these  be  introduced  into  a  solution  of  some  saline  sub- 
stance which  it  will  absorb,  whilst  the  other  is  immersed  in  pure  water,  the 
latter  fluid  will  be  found  after  a  few  days  to  have  received  a  certain  impreg- 
nation from  the  former ;  apparently  showing  that  the  salt  must  have  been 
taken  up  through  one  set  of  roots,  and  cast  out  again  through  the  other. 
Bat  this  inference  is  open  to  the  fallacy  that  the  saline  substance  may  have 
passed  from  one  vessel  to  the  other  by  capillary  attraction  merely,  along 
the  exterior  of  the  roots. — Again,  it  has  been  stated  by  Macaire,  that  if  a 
Le^minous  plant  be  placed  in  distilled  water,  the  fluid  will  be  found  in  a 
few  days  strongly  impregnated  with  mucilaginous  matter,  which  it  has  de- 
rived from  the  roots  immersed  in  it ;  so  the  CSchoracece  and  Papaveracece 
are  said  to  exude  a  large  quantity  of  a  brownish  bitter  matter  analogous  to 
opiam ;  Euphorhiace<E,  an  acrid  gummy-resinous  matter ;  and  so  on — the 
substances  exuded  being  in  all  instances  those  which  are  characteristic  of 
the  proper  juices  of  the  plants  which  furnish  them.  It  has  been  rendered 
very  doub^ul,  however,  by  the  subsequent  experiments  of  Braconnot, 
Boassingault,  and  others,*  whether  any  such  exudation  takes  place  when 
the  roots  are  uninjured ;  and  if  it  have  a  real  existence,  it  is  probably  to  be 
regarded  less  an  excretion,  than  as  a  simple  act  of  exosmose,  necessarily 
connected  with  the  endosmose  by  which  water  is  taken  up  into  the  organism 
(§  177).  The  supposed  existence  of  such  exudations  has  been  thought  to 
account  for  the  fact  that  the  growth  of  particular  species  of  plants  favors 
the  subsequent  development  of  other  kinds ;  whilst  there  are  other  species, 
whose  growth  seems  to  leave  the  soil  in  a  much  worse  condition  than 
before.  But  there  can  be  little  doubt  that  much  of  the  latter  result  is  to  be 
attributed  to  the  removal  of  particular  ingredients  from  the  soil,  which 
render  it  less  fitting  to  sustain  the  continued  growth  of  its  own  kind,  whilst 
it  may  still  be  capable  of  affording  the  requisite  support  to  such  as  need 
some  different  materials ;  and  it  is  probably  in  this  manner  that  we  are  to 
explain  the  well-known  fact  in  forestry,  that  where  a  wood  principally  com- 
posed of  one  species  of  timber-trees  has  been  cleared  by  fire  or  other- 
wise, the  trees  which  spring  up  spontaneously,  and  supply  the  place  of  the 
former  growth,  are  for  the  most  part  of  a  different  species;   and  the 

>  See  Mohl  •<0n  the  Vegetable  Cell,"  translated  by  Henfrey,  p.  98. 
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saccess  of  the  '' rotation  of  crops"  in  agricoltare  seems  chiefly  attriba- 
table  to  the  same  cause.  This,  however,  may  not  be  all ;  for  it  is  well 
known  that  the  soil  is  more  benefited  by  the  growth  of  a  crop  of  certain 
Leguminous  plants,  such  as  Trefoil,  than  it  would  be  by  lying  absolutely 
fallow ;  and  this  can  scarcely  be  due  to  anything  else,  than  its  impreg- 
nation with  gummy  exudations  from  the  roots  of  these  plants.  On  the 
other  hand,  there  are  exudations  which  are  positively  injurious ;  this  has 
been  proved  to  be  the  case  with  tannin,  which  is  given  oflf  by  the  roots 
of  the  Oak,  and  whiclf,  even  in  very  minute  proportion,  destroys  the  vitality 
of  the  growing  tissues  of  the  spongioles  of  other  plants ;  thus  afifording  an 
explanation  of  the  well-known  fact  that  trees  transplanted  into  a  soil  in 
which  oaks  have  previously  grown,  seldom  flourish,  and  generally  die.  And 
it  seems  not  unlikely,  too,  that  Poppies  and  other  **  rank"  weeds  do  more 
damage  by  communicating  narcotic  exudations  to  the  soil,  which  deaden 
the  vital  powers  of  other  plants  growing  in  it,  than  by  any  exhaustive  influ- 
ence exerted  by  them. 

3.  Secretion  in  Animals. 

398.  We  have  seen  that,  in  the  process  of  Animal  Nutrition,  the  cir- 
culating current  not  only  deposits  the  materials  which  are  required  for  the 
renovation  of  the  solid  tissues,  but  also  takes  hack  the  substances  which 
are  produced  by  the  decay  of  these,  and  which  are  destined  to  be  thrown 
ofif  from  the  body.  We  have  also  seen  that  it  supplies  the  materials  of 
certain  fluids,  which  are  separated  from  it  to  effect  various  purposes  in  the 
economy ; — such  as  the  Saliv^^ry  and  Gastric  secretions,  which  have  for  their 
office  to  assist  in  the  reduction  of  the  food.  Now  the  process  by  which  the 
fluids  of  the  latter  kind  are  separated  from  the  Blood,  is  identical  in  cha- 
racter with  that  by  whioh  the  products  of  decay  are  eliminated  from  it;  and 
the  structure  of  the  organs  concerned  in  the  two  is  essentially  the  same. 
Hence  both  processes  are  commonly  included  under  the  general  term  Seen- 
tion  ;  which,  considered  in  its  most  general  point  of  view,  may  be  applied 
to  every  act,  by  which  substances  of  any  kind  are  separated  from  the  blood; 
but  which  is  usually  restricted  to  those  cases,  in  which  the  substanees 
withdrawn  are  not  destined  cither  to  be  restored  again  to  the  circulating 
current  (as  in  Assimilation),  or  to  form  part  of  the  textures  of  the  living 
fabric  (as  in  Nutrition) ;  and  in  which  the  separated  product  has  a  liquid  or 
more  rarely  a  solid  form,  and  not  a  gaseous  (as  in  Respiration).  Viewed 
under  this  limitation,  the  essential  character  of  the  true  Secreting  operation 
seems  to  consist — not  in  the  nature  of  the  action  itself,  for  this  is  iden- 
tical with  those  of  Assimilation  and  Nutrition,  being  a  process  of  cdl- 
growth — ^but  in  the  position  in  which  the  cells  are  developed,  and  the  mode, 
in  which  the  products  of  their  action  are  afterwards  disposed  of.  Thoathe 
cells  at  the  extremities  of  the  intestinal  villi  (§  182),  the  cells  of  which  the 
adipose  tissue  is  made  up,  and  the  cells  of  which  the  greater  part  of  the 
substance  of  the  liver  is  formed  (§  409),  all  have  an  attraction  for  fatty 
matter ;  and  draw  it  from  the  neighboring  fluids  at  the  expense  of  yMA 
they  are  developed,  to  store  it  up  in  their  own  cavities.  But  the  cells  of 
the  first  kind  deliver  the  materials  which  they  have  drawn  in,  to  the  absorb- 
ent vessels,  which  introduce  them  into  the  circulating  current;  those  of 
the  second  kind,  which  are  more  permanent  in  their  character,  retain  their 
contents,  so  as  to  form  part  of  the  ordinary  tissues  of  the  body,  until  they 
are  required  to  give  them  up ;  whilst  the  cells  of  the  third  class  cast  forth 
their  contents  into  the  hepatic  ducts,  by  which  they  are  carried  into  the  in* 
testinal  canal,  whence  a  portion  of  them  at  least  is  directly  conveyed  ont 
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It  is,  then,  in  the  position  of  the  Secreting  cells — ^which 
iprodtact  of  tlieir  action  to  be  delivered  upon  a/ree  surface,  com- 
aunicating,  more  or  less  Uirectly,  with  an  external  outlet — that  their  dis- 
^nctive  character  depends.     All  the  proper  secretions  are  thus  poured  out 
riilier  upon  the  exterior  of  the  body,  or  into  cayities  provided  with  orifices 
Jiat  lead  to  it Thus,  we  bave  seen  that  a  Ytrj  large  quantity  of  fluid,  con- 
fining a  considerable  quantity  of  solid  matter,  of  which  it  is  desirable  that 
iic  syjstera  should  be  freed,  is  carried  oflf  from  the  Cutaneous  surface.    An- 
other most  important  secretion ^  containing  a  large  quantity  of  solid  matter, 
fcnd  gi erring  also  to  regulate  the  quantity  of  fluid  in  tlie  system — namely ^ 
[le  Urinary^is  set  free  by  a  channel  expressly  adapted  to  convey  it  directly 
mX  of  the  body,     Tbe  same  may  be  said  of  the  Mammary  secretion;  which 
separated  from  the  blood,  not  to  preserve  its  purity,  nor  to  answer  any 
purpose  in  tbe  economy  of  the  individual,  bat  to  aford  nutriment  to  another 
eing*     And  of  the  matters  secreted  by  the  very  numerous  grandulic  and 
'""cles  situated  in  the  walls  of  the  Intestinal  canal,  a  f^reat  part  seem  to 
poured  into  it  for  no  other  purpose  than  that  they  may  be  carried  out 
af  tbe  body  by  the  readiest  channeb 

399,  The  cells  covering  the  simple  membranes  that  form  tbe  free  surfaces 
of  tbe  body,  whether  external  or  iaternalj  are  all  entitled  to  be  regarded  as 
^eerttin^  cells;  since  they  separate  various  products  from  the  blood,  which 
Ire  not  again  to  be  returned  to  it     But  the  secreting  notion  of  some  of 
^ese  seems  to  have  for  its  object  the  protection  of  the  surface ;  thus,  the 
Hpidermic  cells  of  the  skin  secrete  a  horny  matter,  by  which  density  and 
'firmness  are  imparted  to  the  cuticle;  whilst  by  the  Epithelial  cells  of  the 
.      mucous  meiabranes  of  the  alimentary  canal  and  of  other  parts,  their  pro- 
spective mucus  seems  to  be  elaborated.     But  in  general  we  find  that  special 
^prgans  termed  Glands,  are  set  apart  for  the  production  of  the  chief  secre- 
^Htions  *  and  we  have  now  to  consider  the  essential  structure  of  these  organs, 
^^Tftnd  tlie  mode  of  their  operation.— An  ordinary  Gland  may  be  said  to  con- 
sist of  a  closely-packed  collection  of  follicles  (Fig.  1T3),  all  of  which  open 
into  a  common  channel,  by  which  the  product  of  the  glandular  action  is 
collected  and  delivered.     The  follicles  contain  tbe  secreting  cells  in  their 

P cavities  ;  whilst  their  exterior  is  in  contact  with  a  network  of  bloodvessels, 
from  which  the  cells  draw  the  materials  of 
their  growth  and  development  (Fig.  169), 

In  any  one  of  the  higher  animaJs,  we  may 

trace  out  a  series  of  progressive  stages  of 

complexity,  in  the  various  glands  included 

within  their  faljric;  and  in  following  any 

one  of  the  glands  that  attain  the  highest 

degree  of  development  (such  as  the  Liver 

or  Kidney),  through  the  ascending  scale 

of  the  animal  series^  we  shall  be  able  to 

trace  a    very  similar    gradation  from    its 

simplest  to  its  most  complex  form.    Hence, 

ire  see  that  there  can  be  nothing  in  thc/onn 

or  dispostti'an  of  the  components  of  the  glandular  structure,  which  can  have 
^any  influence  upon  the  character  of  the  secretion  it  elaborates;  since  the 
■  Tery  same  product — i.  e,  the  Bile,  or  the  Urine — is  found  to  issue  from 

nearly  every  variety  of  secreting  structure,  as  we  trace  it  through  the  dif- 
ferent groups  of  the  Animal  kingdom.     The  peculiar  power  by  which  one 

organ  separates  from  the  blood  the  elements  of  the  Bile^  and  another  the 

elements  of  the  Urine,  whilst  a  third  merely  seems  to  draw  off  a  certain 


Fig.  169. 


C&pillaij  nttvrork  around  tbe  ftjUielei 
of  Paroifd  Gltmd. 
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amoant  of  its  albaminous  and  saline  constitaents,  is  obTioosly  the  attribate 
of  the  ultimate  secreting  cells,  which  are  the  real  agents  in  the  secreting 
process.  Why  one  set  of  cells  should  secrete  bile,  another  urea,  and  so  on, 
we  do  not  know ;  but  we  are  equally  ignorant  of  the  determining  cause 
which  makes  one  set  of  cells  convert  itself  into  Bone,  another  into  Muscle, 
and  so  on.  This  variety  in  the  endowments  of  the  cells,  by  whose  aggrega- 
tion and  conversion  the  fabric  of  the  higher  Animals  is  made  up,  is  a  fact 
which  we  cannot  explain,  and  which  must  be  regarded  (for  the  present,  at 
least,)  as  one  of  the  *'  ultimate  facts"  of  Physiological  Science. 

400.  Passing  by  the  extended  membranous  surfaces,  and  the  protective 
or  secreting  cells  with  which  they  are  covered,  we  find  that  the  simplest 
form  of  a  secreting  organ  is  composed  of  an  inversion  of  that  surface  into 
follicles,  which  discharge  their  contents  upon  it  by  separate  orifices.  W 
this,  we  have  a  characteristic  example  in  the  gastric  follicles,  even  among 
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A,  Glandalar  follicles  in  Ventriculm  Snccenturiatut  of  Falcon: — B,  Gastric  gland  from  the 
middle  of  the  Human  Stomach ; — c,  a  more  complicated  form  in  the  neighborhood  of  the 
pylorus. 

the  higher  animals ;  the  apparatus  for  the  secretion  of  the  Grastric  fluid 
never  attaining  any  higher  condition  than  that  of  a  series  of  distinct  folli- 
cles, lodged  in  the  walls  of  the  stomach,  and  pouring  their  products  into  its 
cavity  by  separate  apertures.  In  Fig.  170,  A,  is  represented  a  portion  of 
the  "  ventriculus  succenturiatus"  of  a  Falcon,  in  which  the  simplest  form  of 
such  follicles  is  seen.  A  somewhat  more  complex  condition  is  seen  in  some 
of  the  Gastric  follicles  of  the  Human  stomach  (b,  c)  ;  the  surface  of  tsA 
follicle  being  further  extended  by  a  sort  of  doubling  upon  itself,  so  as  to 
form  the  commencement  of  secondary  follicles,  which  open  out  of  thecanfcf 
of  the  primary  one. — Now  a  condition  of  this  kind  is  common  to  aU  glands, 
in  the  first  stage  of  their  evolution ;  and  in  this  stage  we  meet  with  then, 
either  by  examining  them  in  the  lowest  animals  in  which  they  present  theiB- 
selves,  or  by  looking  to  an  early  period  of  their  embryonic  development  ii 
the  highest.  Thus,  for  example,  the  Liver  consists,  in  the  lowest  MoUuMtk 
of  a  series  of  isolated  follicles,  lodged  in  the  walls  of  the  stomach,  sad 
pouring  their  product  into  its  cavity  by  separate  orifices;  these  foUideB  be 
ing  recognized  as  constituting  a  biliary  apparatus,  by  the  color  of  their 
secretion.  And  in  the  Chick,  at  an  early  period  of  incubation,  the  condi- 
tion of  the  Liver  is  essentially  the  same  with  the  preceding ;  for  it  connste 
of  a  cluster  of  isolated  follicles,  not  lodged  in  the  walls  of  the  intestine, 
but  clustered  round  a  sort  of  bud  or  diverticulum  of  the  intestinal  tnbe, 
which  is  the  first  condition  of  the  hepatic  duct,  and  into  which  they  dif- 
charge  themselves  (Fig.  180).     So,  again,  the  Mammary  Gland  presents 
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an  eqaully  simple  strueKxre  (Fi^.  HI)  in  that  of  the  lot^est  type  of  tlie 
MnrntDaiiun  class,  the  Omithorhifncus ;  for  it  consists  of  Dothing  else  than  a 
ehister  of  ctecal  follicles,  discharging 
their  eonteDts  by  separate  orifices  np- 
on  the  surface  of  the  mammary  areola. 
And  in  like  manner,  the  Pttnereas 
makes  its  appearaiiee  in  many  osseous 
Fisbe:^,  iti  the  condition  of  a  gronp  of 
large  cieca  (Fig,  126.5),  that  seem 
like  prolongations  of  the  gtotimch  into 
which  they  freely  open;  whilst  in  the 
Octopus,  this  gland  is  represented  by 
a  single  such  appendage,  which  is  prolonged  and  specially  convoltited.  A 
transition  towards  a  higher  form  is  fseen  in  the  Cod,  whose  pancreas  is  com- 
posed of  a  nnmeroua  gronp  of  prolonged 
cieeal  follicles,  clustered  round  the  com- 
mencement of  the  intestinal  canal,  and 
partly  coalescing  with  each  other  before 
they  enter  it  (Fig,  172).  Thus  it  may  be 
stated  aa  a  general  rule,  that  e^ery  gland 
presents  iti^elf  under  this  most  elementary 
Btate,  alike  in  the  lowest  grade  of  the  ani- 
mal series  in  which  it  ia  first  traceable,  and 
at  its  earliest  appearance  in  the  embryo  of 
the  higher.— The  next  grade  of  complexity 
is  seen,  where  a  cluster  of  the  ultimate  fol* 
lieles  open  into  one  common  duct^  which 
discharges  their  product  by  a  single  outlet ; 
a  single  gland  often  containing  a  number  of 
such  clusters,  and  haying,  therefore,  sereral 
excretory  duets.  A  good  example  of  such 
a  condition^  in  which  the  clusters  remain 
isolated  from  one  another,  is  seen  in  the 
Meibomian   glands  of  the  eyelid ;  each  of 

which  consists  of  a  double  row  of  follicles,  set  upon  a  long  straight  duct, 
that  receives  the  products  of  their  secreting  action,  and  pours  themont  upon 
the  edge  of  the  eyelid.  And  of  the  more  com- 
plex form,  in  which  a  number  of  such  clnstcrs  are 
botmd  together  in  one  glandular  mass,  we  have 
on  illustration  in  the  accessory  glands  of  the  gen- 
ital apparatus  in  several  animals,  which  discharge 
their  secretion  into  the  urethra  by  numerous  out- 
lets ;  in  the  pancreas  of  the  higher  Cartilaginous 
Fbhes;  or  in  the  mammary  glands  of  Mammalia 
in  general,  the  nltimate  follicles  of  which  are 
clui^tered  upon  ducts  that  coalesce  to  a  consider- 
able extent,  though  continuing  to  form  seTeml 
distinct  tmnka  even  to  their  termination.  Such 
glands  may  be  subdivided,  therefore,  into  ^lund- 
ulm  or  hhtilm,  that  remain  entirely  distinct  from 
each  other* — In  the  highest  form  of  Gland,  how* 
ever,  all  t  he  docts  unite,  so  as  to  form  a  single 
ainaj«  which  conveys  away  the  products  of  the 
lacreting  action  of  the  entire  muss.     This  is  the 
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condition  under  which  we  find  the  Liver  to  exist  in  most  of  the  higher 
animals ;  also  the  Pancreas,  the  Parotid  Gland,  and  many  others.  In  some 
of  these  cases,  we  may  still  separate  the  gland  into  numerous  distinct  lobules, 
which  are  clustered  upon  the  excretory  duct  and  its  branches,  like  grapes 
upon  a  stalk  (Fig.  113) ;  in  others,  however,  the  branches  of  the  excretory 
duct  do  not  confine  themselves  to  ramifying,  but  inosculate  so  as  to  form  a 
network,  which  passes  through  the  whole  substance' of  the  gland,  and  which 
connects  together  its  diflTereut  parts,  so  as  to  render  the  division  into  lobules 
less  distinct.  This  seems  to  be  the  case  in  regard  to  the  Liver  of  the  higher 
Vertebrata. 

401.  Whatever  degree  of  complexity,  however,  prevails  in  the  general 
arrangement  of  the  elements  of  the  secretory  Glands  in  higher  animals,  these 
elements  are  themselves  everywhere  the  same ;  consisting  of  follicles  or  tubuU 
that  inclose  the  real  secreting  cells  (Figs.  174  and  175).     Now  from  the 
history  of  the  development  of  Glands  in  general,  it  appears  that  the  follicles 
may  be  considered  as  primary  cells ;  and  that  the  secreting  cells  are  second- 
arily developed  in  their  interior,  from  the  nuclei  or  germinal  spots  on  the 
walls  of  the  first.     It  has  been  pointed  out  by  Prof.  Goodsir,*  that  the  con- 
tinued development  and  decay  of  the  glandular  structure,  in  other  words, 
the  elaboration  of  its  secretion,  may  take  place  in  two  different  modes :  In 
one  class  of  Glands,  the  "primary"  cell,  having  begun  to  develop  new  cells 
in  its  interior,  gives  way  at  one  point,  and  bursts  into  the  excretory  duct, 
so  as  to  become  an  open  follicle,  instead  of  a  closed  cell ;  its  contained  or 
** secondary"  cells,  in  the  progress  of  their  own  growth,  dmw  into  them- 
selves the  matter  to  be  eliminated  from  the  blood,  and  having  attained  their 
full  term  of  life,  burst  or  liquefy,  so  as  to  discharge  their  contents  into  tiie 
cavity  of  the  follicle,  whence  they  pass  by  its  open  orifice  into  the  excretory 
duct ;  and  a  continual  new  production  of  secondary  cells  takes  place  from 
the  germinal  spot,  or  nucleus,  at  the  extremity  of  the  follicle,  which  is  here 
a  permanent  structure.     In  this  form  of  gland,  we  may  freqnently  observe 
the  secreting  cells  existing  in  various  stages  of  development  within  a  single 
follicle ;  their  size  increasing,  and  the  character  of  their  contents  becoming 
more  distinct,  in  proportion  to  their  distance  from  the  germinal  spot  (which 
is  at  the  blind  termination  of  the  follicle),  and  their  consequent  proximity 
to  the  outlet  (Fig.  175).     In  some  varieties  of  such  glands,  however  (as  ia 
the  greatly  prolonged  follicles,  or  tubuli  uriniferi,  of  the  kidney),  the  pro- 
duction of  new  cells  does  not  take  place  from  a  single  germinal  spot  at  the 
extremity  of  the  follicle,  but  from  a  number  of  points  scattered  through  iti 
entire  length. — In  the  second  type  of  glandular  structures,  the  "primaiy" 
cell  docs  not  remain  as  a  permanent  follicle ;  but,  having  come  to  matoritj 
and  formed  a  connection  with  the  excretory  duct,  it  discharges  its  entire 
contents  into  the  latter,  and  then  shrivels  up  and  disappears,  to  be  replaced 
by  newly-developed  follicles.     In  each  primary  cell  of  a  gland  formed  upon 
this  type,  we  find  allnts  ''secondary"  or  secreting  cells  at  nearly  the  same 
grade  of  development ;  but  the  different  primary  cells,  of  which  the  paita- 
chyma  of  the  gland  is  composed,  are  in  very  different  stages  of  growth  at 
any  one  period,  some  having  discharged  their  contents  and  being  in  progrea 
of  disappearance,  whilst  others  are  just  arriving  at  maturity  and  connectmg 
themselves  with  the  excretory  duct ;  others  exhibiting  an  earlier  degree  w 
development  of  the  secondary  cells;  others  presenting  the  latter  in  their 
incipient  condition ;  whilst  others  are  themselves  just  starting  into  existence, 
and  as  yet  exhibit  no  traces  of  a  secondary  brood. — The  former  seems  to  be 
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the  uscal  type  of  the  ordinary  S<»cretitig  Glaiick;  tlie  latter  is  cMeflj,  if  not 
solely,  to  be  met  with  in  the  Spermatic  glands. 

iii%  The  puqjoses  aiigiwered  by  the  ftinction  of  Secretion  we  haTe  seen 
to  be  twofold ;  namely,  the  separation  of  some  material  from  the  circulating 
fluid,  which  would  be  injurious  to  the  welfare  of  the  system  if  retained  in 
it  J  and  the  elaboration  of  a  prodnct,  which  is  destined  to  some  other  use 
in  the  economy.  Now  it  Is  probable  that  in  almost  every  act  of  secretion, 
both  these  purposes  arc  in  some  degree  served;  the  blood  licing  freed  from 
some  ingredtent  whose  acciimulation  would  be  snperfiuous,  if  not  more  posi- 
tively tnjiiriotis;  and  the  matter  separated  having  some  secondary  puqiose 
to  answer*  Thus,  whilst  Biliary  matter  becomes  a  positire  poison  if  it  be 
retnincd  in  the  blood,  it  contributes,  when  poured  into  the  duodenum,  to 
complete  the  digestive  process,  and  to  prepare  the  nutrient  contents  of  the 
intestinal  canal  for  absorption.  So,  again,  the  Cutaneous  exhalation  not 
only  removes  the  superfluous  water  of  the  blood,  but  is  one  of  the  chief 
means  of  regulating  the  temperature  of  the  body.  Aad  even  the  Urine, 
which  seems  to  be  eliminated  merely  for  the  removal  of  the  products  of  the 
disintegration  of  the  tissues  from  thecircnlating  current,  is  sometimes  made 
to  serve  an  additiorial  purpose;  its  acridity^  or  its  peculiarly  offensive  odor 
(incroBsed  under  the  influence  of  terror),  frequently  rendering  it  an  effectual 
means  of  defence.  On  the  other  hand,  the  secretions  which  are  separated 
from  the  blood  for  the  purpose  of  discharging  some  important  office  in  the 
economy,  usually,  if  not  always,  contain  some  substances  whose  retention 
in  the  blood  would  be  injurious,  and  which  are  therefore  advantageously 
got  rid  of  through  this  channeL  Thus  the  Salivary,  the  Gastric,  and  the 
Fancrentic  fluids,  all  contain  an  animal  principle  nearly  allied  to  albumen; 
but  this  principle  seems  to  be  in  a  state  of  change,  or  of  incipient  decom- 
position ;  and  it  would  not  seem  improbable,  that  whilst  this  verj^ condition 
renders  the  albuminous  matter  useful  in  promoting  the  reduction  of  the  ali- 
ment, it  renders  it  unfit  to  be  retained  in  the  circulating  current. — It  is 
impossible,  therefore,  to  divide  the  secreted  products  strictly,  as  some  Phy- 
siologists have  attempted  to  do,  into  the  excrementitjom  and  the  recremen- 
tifiotu;  that  is,  into  those  which  are  purely  excretory  in  their  character,  and 
those  which  are  suJ (servient  to  further  ufcs  in  the  economy  :  since  most,  if 
not  all  of  the  111.  partake  more  or  legs  of  both  characters.  Still,  it  is  eonve- 
nicut  to  group  them,  for  practical  purposes,  according  io  ^t  prtd&minancti 
of  one  or  other  of  the  objects  tirst  mentioned ;  those  being  regarded  as  Ex- 
t-Ti'tinjig^  in  which  the  dei>nration  of  the  blood  is  manifestly  the  chief  end, 
any  other  purpose  being  rendered  subservient  to  this ;  and  those  being  ranked 
as  Secreiiom,  m  wluch  the  ulterior  purpose  of  the  separated  fluid  would  seem 
to  be  the  principal  occasion  of  its  production. 

403.  Another  clasiiifieat ion  has  been  proposed,  of  which  the  fomuhitioii 
is  the  degree  of  resemblance  which  the  secreted  products  bear  to  the  normal 
constituents  of  the  Blood  ;  those  being  associated  into  the  first  group,  ip 
which  the  characteristic  ingredients  are  altogether  unlike  those  of  the  nutri- 
tive fluid;  whilst  a  second  group  is  formed  of  those,  whose  elements  seem 
nearly  allied  to  the  components  of  the  blood.  This  classification  is,  in  fact, 
almont  identical  with  the  preceding;  for,  as  a  general  rule,  all  the  cases  in 
hich  the  secreted  products  are  very  uulike  the  constituents  of  the  blood, 
e  those  in  which  they  are  most  directly  and  speedily  removed  from  the 
ody  ;  whilst  those  in  which  they  serve  some  ulterior  purpose,  arc  for  the 
most  part  also  those,  whose  elements  differ  least  from  the  components  of 
the  blood. — The  products  of  the  first  class  may  be  said  to  hare  their  imme- 
ate  origin  in  the  distntegratton  of  the  tissaea  ;  and  we  And  the  amount  in 
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vaioh  they  are  generated,  to  be  in  close  relation  to  the  operation  of  the 
Ydrious  causes  which  tend  to  increase  or  to  diminish  that  disintegration 
^^^  113 — 117).  They  all  act  aspaisonSf  if  retained  within  the  system  and 
allowed  to  accumulate  even  for  a  short  time ;  and  after  their  excretion,  they 
speedily  resolve  themselves  into  simple  combinations  of  inorganic  elements. 
This  is  the  case,  for  example,  with  Urea,  Biliary  matter,  and  the  putrescent 
])ortion  of  the  Feces ;  all  of  which  may  be  regarded  as  the  products  of  the 
metamorphosis  of  the  tissues,  on  their  way  towards  their  restoration  to  the 
Inorganic  universe  (§  389,  iv)  ;  and  it  would  seem  to  be  because  they  have 
undergone  this  complete  metamorphosis,  that  their  presence  in  the  circulat- 
ing current  is  not  only  useless  but  injurious.  We  may  consider  that  portion 
of  the  carbonic  acid  thrown  off  by  Respiration,  which  is  the  result  of  the 
disintegration  of  the  tissues  (§  278),  as  the  most  important  of  these  excre- 
tory products,  being  the  one  whose  briefest  accumulation  gives  rise  to  the 
most  pernicious  results ;  but  the  accumulation  of  biliary  matter  or  of  urea, 
caused  by  the  complete  stoppage  of  the  hepatic  or  renal  excretions,  usually 
proves  fatal  in  from  one  to  two  days.  Of  the  products  of  the  first  class  it 
may  be  said,  further,  that  many  of  them  may  be  detected  in  the  circulating 
blood,  on  account  of  their  marked  dissimilarity  in  chemical  properties  to 
its  other  constituents ;  though  their  quantity  is  normally  extremely  minute, 
since  they  are  eliminated  almost  immediately  that  they  are  generated.  But 
if  any  such  secretory  operation  be  checked,  then  the  product  which  it  is 
destined  to  remove,  speedily  makes  its  presence  apparent  in  the  blood ; 
being  not  only  detectable  by  chemical  analysis,  but  also  recognizable  by 
the  symptoms  of  poisoning  to  which  it  gives  rise. — On  the  other  hand,  the 
products  of  the  second  class  seem  to  be  supplied  rather  from  the  materials 
of  the  blood  itself,  than  from  the  disintegration  of  the  tissues ;  and  usually 
bear  such  a  close  relation  to  the  normal  constituents  of  the  circulating  fluid, 
as  not  to  be  distinguishable  from  them.  Such  are  the  elements  of  the  Sali- 
vary, Gastric,  Pancreatic,  Lachrymal,  and  Mammary  secretions.  Hence, 
when  these  secretions  are  checked,  the  consequences  are  more  apparent  in 
the  suspension  of  the  function  to  which  they  are  especially  subservient, 
than  in  that  general  disorder  of  the  system  which  indicates  a  contamination 
of  the  blood. 

404.  As  it  would  be  quite  foreign  to  the  purpose  of  this  Treatise  to 
enter  into  a  comparative  examination  of  all  the  Secreting  structures  which 
present  themselves  in  the  different  parts  of  the  Animal  series,  it  will  be 
advantageous  to  restrict  ourselves  for  the  most  part  to  two  sets  of  organs 
— the  Biliary  and  Urinary — ^being  those  which  are  most  generally  distri- 
butiHl.  and  which  present  themselves  under  the  greatest  variety  of  forms 
and  conditions.  In  the  examination  of  these,  we  shall  find  ample  illnstra- 
tiou  of  the  great  principles  of  spectalizcUian  and  concentration  already  so 
(V^quontly  referred  to ;  and  shall  also  meet  with  some  remarkable  examples 
of  iimt  interchange  of  function,  which  occasionally  takes  place  erea  in  die 
lUiv^t  complex  organisms. 

4(U^«  7n0  Liver f  and  the  Secretion  of  Bile, — There  are  few  animals  pos- 
]K<^3KaK<H)  of  a  distinct  digestive  cavity,  in  which  some  traces  of  a  biliary  appa- 
mlUit  (itH'ognizable  by  the  color  of  its  secretion)  cannot  be  distinguished. 
Thw5»  in  the  Ilydrafonn  Polypes,  cells  containing  a  yellowish-brown  matter 
««M^v  tMva^ionally  be  seen  in  the  lining  of  the  stomach,  into  the  cavity  of 
i()^^oh  thoy  probably  discharge  their  contents,  by  the  rupture  or  solution  of 
i)^)r  o^n'walls.'    Secreting  cells  of  a  similar  kind  are  more  d^nctly  seen 

«  j^  lY^f.  Allnian,  **0n  Cordylopbora,''  in  "Philos.  Transact,'*  1858,  p.  870. 
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in  farrows  formed  by  duplicatnres  of  the  lining  membrane  of  the  stomach 
of  the  Actinia  (Fig.  35).  In  the  Lagiincula  and  other  Bryozoa  (Fig.  49), 
Tery  distinct  spots  may  be  observed  in  the  parietes  of  the  stomach,  which 
seem  to  be  composed  of  chisters  of  biliary  cells  contained  within  follicles ; 
and  during  digestion,  the  contents  of  the  stomach  arc  seen  to  be  tinged 
with  a  rich  yellow-brown  hue,  derived  from  the  matter  discharged  from 
these  follicles.  In  the  Earthworm,  again,  the  large  annnlated  alimentary 
canal  is  completely  encased  in  a  flocculent  external  coating  which  consists 
of  a  mass  of  minute  flask-shaped  follicles  filled  with  cells  ;  and  several  of 
these  coalesce  to  discharge  their  contents  by  a  common  orifice  into  the 
digestive  cavity. — Passing  a  little  higher,  as  well  in  the  Radiated,  as  in  the 
Articulated  and  Molluscous  groups,  we  find  the  hepatic  cells  clustering, 
not  immediately  around  the  digestive  stomach,  but  around  ctecal  prolonga- 
tions of  this,  which  thus  present  us  with  the  first  approximation  to  the 
condition  of  the  separate  glandular  mass,  which  we  meet  with  in  the  higher 
animals.  Thus,  in  the  Asterias  (Fig.  37),  the  radiating  extensions  of  the 
stomach  have  their  walls  dilated  into  numerous  culs-de-sac  ;  and  these  are 
lined  with  large  glandular  cells,  whose  color  and  aspect  indicate  their  he- 
patic character.  So  in  the  Leech  and  many  other  Annelida,  whose  digest- 
ive cavity  is  more  or  less  sacculated  (Fig.  103),  the  walls  of  these  sacculi 
are  covered  with  biliary  cells,  as  are  also,  although  in  a  less  degree,  those 
of  the  central  canal.  In  the  Pycnogonidce,  again,  the  only  trace  of  hepatic 
organs  is  to  be  found  in  the  biliary  cells,  which  are  dispersed  through  the 
walls  of  the  cseca  prolonged  into  their  limbs  (Fig.  105);  and  it  is  appa- 
rently  in  the  same  diffused  condition,  that  the  biliary  apparatus  exists  in 
the  Aearida  (§  54).  The  most  remarkable  example  of  this  type  of  struc- 
tnre  in  the  Molluscous  series,  is  presented  by  certain  of  the  Nudihranchiate 
Oasteropods,  in  which,  notwithstanding  the  high  development  which  the 
liver  attains  in  most  other  orders  of  the  class,  it  is  reduced  to  the  condition 
of  clusters  of  simple  cells  arranged  round  csecal  prolongations  of  the 
ftomach.  In  the  Eolis  (Fig.  104)  and  its  allies,  the  stomach  gives  off  on 
either  side  a  number  of  branches,  which  usually  redivide,  and  then  give  off 
smaller  tubes,  which  are  continued  into  the  numerous  papilla)  that  clothe 
the  dorsal  surface  of  these  animals,  and  are  subservient  to  the  respiratory 
function.  Each  of  these  papilla;  contains  a  central  canal,  which  is  some- 
times a  mere  dilated  tube,  but  which  in  most  species  is  more  or  less  deeply 
aacculated ;  and  the  inner  surface  of  these  simple  or  complex  caeca  is  lined 
with  hepatic  cells  of  irregular  form. 

406.  In  the  greater  number  of  Mollusca,  however,  as  well  as  in  most 
Myriapoda,  Insecta,  Crustacea,  and  Arachnida,  we  find  the  biliary  organs 
considerably  more  detached  from  the  digestive  apparatus ;  having  the  form 
either  of  prolonged  tubes,  or  of  clusters  of  shorter  follicles,  which  coalesce 
with  each  other  in  such  a  manner  as  to  discharge  their  contents  into  the 
alimentary  canal  by  a  small  number  of  orifices ;  and  being  only  connected 
with  the  alimentary  canal,  by  the  ducts  through  which  their  secretion  is 
conyeyed.  The  most  simple  type  of  this  kind  of  structure  is  that  which  is 
met  with  in  Insects ;  in  which  class  the  biliary  organs  are  usually  regarded 
88  consisting  of  a  number  of  distinct  filiform  tubes  (Fig.  57,/,/),  lying  in 
close  apposition  with  the  sides  of  the  alimentary  canal,  but  quite  discon- 
nected from  it,  except  at  the  points  where  they  enter  it.  Where  their 
niunber  is  small,  they  are  usually  greatly  elongated,  being  sometimes  three 
or  foar  times  the  length  of  the  alimentary  canal,  and  are  tortuous  and  con- 
Yoluted ;  and  they  usually  open  separately  into  the  intestinal  tube.  But 
when  numerous,  they  are  proportionally  short ;  and  two  or  three  of  them 
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Fig.  174. 


frequently  coalesce  to  form  a  common  trunk,  before  entering  the  intestine. 
Their  number  varies  considerably ;  in  some  Coleoptera,  there  are  but  two ; 
in  ZHpterOy  there  are  generally  four ;  in  Lepidoptera^  six ;  whilst  in  other 
orders,  there  arc  many  more.  In  many  larvae,  the  biliary  tubes  are  them- 
selves furnished  with  lateral  cseca ;  but  these  almost  always  disappear  as 
the  insect  approaches  the  imago  state ;  a  less  active  biliary  secretion  being 
then  apparently  sufficient.  In  the  Melolontha  (Gockchaffer),  however, 
which  has  but  two  biliary  vessels,  these  are  of  great  length,  and  retain  their 
lateral  ceeca.  When  carefully  examined,  these  tubes  are  found  to  consist 
of  a  delicate  tube  of  transparent  membrane,  the  inner  surface  of  which  is 

covered  with  secreting  cells;  owing 
to  the  thinness  of  the  tube,  the  cells 
often  project,  so  as  to  give  it  a  granu- 
lated appearance  when  Tiewed  with 
the  naked  eye ;  and  generally,  at  a 
distance  from  their  outlets,  the  sides 
of  the  tubes  are  so  irregular,  that  they 
appear  as  if  folded  upon  the  secreting 
cells  to  keep  them  together  (Fig. 
174).^  From  the  difference  in  size 
and  degree  of  development  between 
the  cells  of  each  tubulus,  it  seems 
probable  that  they  originate  at  its 
upper  extremity,  that  they  are  gradu- 
ally being  pushed  on  towards  its  outlet 
by  the  growth  of  new  broods  behind 
them ;  and  that,  as  they  thus  advance, 
they  acquire  an  increase  in  size  by 
their  own  inherent  powers  of  develop- 
ment, at  the  same  time  drawing  into 
themselves  the  peculiar  matters  which 
they  are  destined  to  eliminate  from 
the  circulating  fluids.  The  cells,  hav- 
ing attained  their  full  growth,  and 
completed  their  term  of  life,  give  up 
their  contents  by  the  rupture  or  deli- 
quescence of  their  walls ;  and  these 
pass  down  the  central  cavity  of  the 
tube,  to  be  discharged  into  the  ali- 
mentary canal. — It  is  by  no  means  certain,  however,  that  this  constituttf 
the  whole  of  the  biliary  apparatus  of  Insects.  The  hepatic  tuboli,  when 
traced  as  far  as  possible  from  their  intestinal  connections,  do  not  se^n  to 
terminate  in  free  cffical  extremities,  but  lose  themselves  in  a  mass  whick 
has  been  usually  regarded  as  simply  adipose,  but  which  has  been  shown  by 
Dr.  T.  Williams*  and  Dr.  C.  H.  Jones'  to  be  composed  of  cells  in  variooi 
stages  of  development,  closely  resembling  those  found  within  the  hepatic 
tubuli ;  these  cells  being  usually  inclosed  in  vesicles,  which  are  sometimes 
free,  but  are  sometimes  connected  with  a  network  of  tubuli.    This  has  been 

*  See  Loidy  on  the  <*  Comparative  Structure  of  the  Liver,"  in  <<  Am.  Joud.  of  Hid. 
Sci.."  Jan.,  1848. 

'  See  his  Essay  on  the  *'  Comparative  Anatomy  of  the  Organs  of  Secretioii,'*  iB 
**  Guy's  Hospital  Reports,"  2d  Ser.,  vol.  iv. ;  from  vrhich  many  of  the  facts  stated  ii 
this  outline  have  been  drawn. 

»  "Philos.  Transact.,"  1849,  pp.  118,  114. 


Structure  of  the  biliary  tubuli  of  Muaca 
eanxaria  (flesh-fly) : — A,  portion  of  traok  and 
two  branches,  viewed  by  reflected  light,  and 
under  a  low  magnifying  power: — B,  portion 
of  a  biliary  tube  more  highly  magnified,  ex- 
hibiting the  arrangement  of  the  secreting 
cells,  and  the  mode  of  distribution  of  the 
trachea). 
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enned  l\v  Dn  C,  H.  Joties  the /jare«rA^ffm#.^?fs  portion  of  the  lirer;  and 

re  sliiill  hereafter  see  that  it  Hppeorf(  to  eomhifie  the  fuoctions  of  the  LiTer 

ritb  Iho^e  of  the  Adipose  tissue  of  higher  ariimuls  (§  4lt)* 

407.  The  biliary  apparatus  of  the  Mijriapoda  closelj  resembles  tliat  of 
Insects;  but  in  that  of  the  Crmtacea,  we  have 

.  mucli  closer  approximation  to  the  Mollu&can 
pe^  ju  which  the   biliary  cells   are   inclosed 

ithio   a  mnltitmie  of  follicles  with  distinct 

Bcal  termiuationfi  (Fi^.  1T5),  aggregated  to- 
jelher  into  a  lobulated  glandular  ma«s.     On  a 

arefol   examination  of  these  follicles,  and  a 

ampamun  of  the  size  and  contents  of  the  cells 

:  the  boifom  and  towards  the  outlet,  it  becomes 

rident  that  they  originate  in  the  former  situ- 
Ition,  and  gradually  increase   in  size  as  they 

Ivance  tovmrds  the  latter.  It  is  also  to  be 
bbserved,  tlmt  the  cells  which  lie  deepest  in  the 

Gcum  («,  b)  contain  for  the  most  part  the 

eUow  granuiar  matter,  which  may  be  regarded 
the  proper  biliary  secretion  ;  but  as  they  in- 

rease  in  dze,  they  also  increase  in  the  quantity 
of  oll-glolniles  which  they  coiitaiii  (c),  until 

eyond  the  middle  of  the  follicle,  where  they 

re  found  full  of  oil,  so  as  to  have  the  appear- 

lee  of  ordinary  fat-cells  {d,  e).     From  this 

jrenmstance  it  happens  that  when  a  cjDCum  is 

Kamined  with  the  microscope,  its  lower  half 

apcars  filled  with  a  finely-granular  matter,  in- 

Brmingled  with  nucleated  particles;  and  the 
ipper  half  with  a  majts  of  fat- eel  Is,  whose  nuclei 
toe  obscnred  by  the  oily  particles,*  These 
'Dllieles  are  clustered  into  lohuleR  (Fig.  176), 

ad  discharge  the  products  of  their  secreting 

ctioii  into  a  cavity  in  the  centre  of  each  j  and 
torn  these  It  is  collected  hy  duets  that  coalesce 

Hth  each  other  to  form  a  small  number  on  either 

le  by  which  the  product  of  the  whole  mass  (Fig,  58,  e)  is  discharged  into 
the  alimentary  canal.     Here,  as 


R 


One  of  iha  Xlepntio  i^moiL  of 
AMiactt^  aJJUni*  iCr$.y  finU),  brghljr 
magnifieiU  ih owing  the  progres* 
of  dev^elopioieiit  of  the  iccretin^ 
cellp,  ffom  the  blind  eittr*?mity 
to  tbo  tuoutb  of  tbti  folJide; 
fpecifncni  of  thc*o»  in  tbeirsite!- 
««'££!  v^o  »tageS)  arc  ihown  lep** 
ratelj  at  a^  bf  c,  df  t. 


in  other  Articulata,  the  hepatic 
"organs  present  a  perfect  bi-late- 

'  bl  symmetry.  In  some  of  the 
EDtomostraeous  Crustacea,  how- 
ret,  as  the  common  Dnphiia 
\iie^j  the  biliary  apparatus  is 
educed  to  that  simple  condition, 
rhich  it  has  been  already  de- 
cribed    m  presenting    in    the 

Bryoxoa  and  lower  Annelida; 

namely,  a  set  of  cells  lodged  in 

the  walls  of  the  intestine  itself. 

— The  structure  of  the  biliary 

organs  of  the  Arachnida  has 
at  be^  fully  made  oat ;  but 


Fig,  176. 
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they  woald  seem  to  partake  rather  of  the  character  of  those  of  the  Cmstacea, 
than  of  those  of  Insects.  From  the  short,  straight,  alimentary  canal,  there 
pass  ofif  on  either  side,  in  the  abdominal  region  of  the  Araneida,  bat  in 
the  thoracic  region  of  the  ScorpionidtB^  several  pairs  of  cseca  (Fig.  106,  e), 
which  subdivide  and  then  lose  themselves  in  a  fatty  mass  of  considerable 
size ;  this  fatty  mass  has  been  usaally  regarded  as  nothing  else  than  adipose 
tissue,  but  its  hepatic  character  appears  from  recent  observations  to  be  im- 
qnestionable ;  and  this  circumstance  adds  weight  to  the  opinion  of  those 
who  consider  the  great  adipose  mass  in  the  body  of  Insects  as  biliary  in  its 
nature. 

408.  Throughout  the  Molluscous  series,  with  the  exceptions  already 
named,  the  liver  presents  the  same  type  of  structure  as  in  the  Crostacea; 
and  the  chief  advance  which  we  see  in  ascending  the  series,  consists  in  the 
increasing  compactness  of  the  glandular  mass,  and  in  its  isolation  from  the 
walls  of  the  digestive  canal.  For  whilst,  in  the  higher  Tunicata  and  C%m- 
chiferaj  its  lobules  cluster  round  the  pyloric  portion  of  the  stomach  and  the 
commencement  of  the  intestine,  and  discharge  their  secretion  by  a  multitude 
of  separate  orifices,  these  cluster  in  the  higher  Gasteropoda  around  the 
branches  of  a  single  or  multiple  common  duct  (Fig.  50,  /,  /,  /),  very  mach  ts 
in  the  Crustacea ;  and  in  Cephalopoda,  the  lobides  are  so  connected  together 
as  to  form  a  compact  mass,  nearly  resembling  the  liver  of  Fishes,  and  (like 
it)  removed  to  a  distance  from  the  intestinal  canal,  into  which  it  poors  its 
secretion  by  a  single  long  duct. 

409.  In  the  Vertebrated  classes,  on  the  other  hand,  the  plan  of  structore 
of  the  Liver  undergoes  a  most  marked  change.^  It  no  longer  consists  of 
a  set  of  tubes  or  follicles,  containing  cells  which  stand  to  them  in  the  relation 
of  an  epithelium ;  but  it  is  mainly  composed  of  a  solid  parenchyma,  made 
up  of  lobules  or  acinic  each  of  which  is  composed  of  an  aggregation  of 
cells  surrounded  by  the  ultimate  ramifications  of  the  biliary  dacts.    The 

hepatic  cells,  in  the  liver  of  man  and  of  higher  Yertebiata, 
Fig.  177.  are  of  a  flattened  spheroidal  form  (Fig.  1*7  7),  their  dia- 

meter being  usually  from  l-l,500thto  l-2,000Ui  of  an  inch; 
each  of  them  has  usually  a  very  distinct  nacleos,  the 
cavity  surrounding  which  is  occupied  by  yellowish  amor- 
phous matter,  usually  having  one  or  two  large  adipose 
globules,  or  five  or  six  small  ones,  intermingl^  with  it; 
and  the  cell- wall  is  much  more  distinct  than  that  of  most 
z.w!-a,  nud^^^  ^*lier  glandular  cells,  apparently  denoting,  therefore,  an 
h,  nucieoiiiv ;  e,  adi-  uuusual  degree  of  permanence  in  its  character.  These 
po»o  panicles.  cclls  are  very  often  arranged  with  their  flattened  sides  in 

apposition  with  each  other,  in  tolerably  regular  tows, 
radiating  from  the  centres  of  the  lobules  towards  their  periphery ;  bat  this 
disposition  is  frequently  exchanged  for  a  plexiform  or  quite  irregnlar  one. 
They  are  imbedded  in  a  diffused  granulous  plasma,  in  which  young  oelb 
are  observable  ;  these  being  apparently  formed  by  a  collection  of  graraltf 
matter  around  free  nuclei.  It  has  been  usually  supposed  that  the  hepatic 
cells  ordinarily  contain  biliary  matter ;  but  such,  from  the  recent  inqairies 
of  Dr.  Handfield  Jones,*  appears  not  to  be  the  case,  save  in  exceptions! 

*  It  is  interesting  to  remark,  howeyer,  thnt,  in  the  AmphioxuM,  the  LiTer  is  nothiaf 
more  than  a  ciecal  prolongation  fVom  the  alimentary  canal  (Fig.  127,  I,  I)  sarroimdN 
by  hepatic  cells,  which  are  found  also  in  the  wall  of  the  intestine  itself. 

'  The  Autlior  feels  bound  to  state,  that  notwithstanding  he  had  formerly  aoeepled 
the  statements  of  throe  eminent  Anatomists,  Prof.  Kctzius,  Dr.  Leidy,  and  Dr.  Natalis 
Guillot,  on  the  plexiform  arrangement  of  the  bile-ducts  in  the  liTer,  as  that  which  cor- 
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instances.  Bat  the  pecnliar  sugar  which  is  found  in  the  blood  of  the  hepatic 
vein  (§  362)  is  nearly  always  detectable  in  the  cellular  parenchyma ;  and 
the  cells  are  sometimes  found  to  be  loaded  with  fat,  those  near  the  margins 
of  the  lobales  being  especially  prone  to  this  kind  of  accumulation.  In 
Fishes  and  Reptiles,  indeed,  the  hepatic  cells  generally  arc  as  full  of  oil  as 
are  those  of  the  Crustacea ;  so  that  the  lircrs  of  the  God  and  other  large 
fishes  yield  a  considerable  supply  of  it.  In  Birds,  on  the  other  hand,  the 
hepatic  cells  are  more  free  from  fat-globules,  than  arc  those  of  Mammalia. 
These  dififerences  will  be  seen  to  have  an  important  signification,  when  taken 
in  connection  with  the  probable  action  of  the  organ  in  these  different  groups 
(§  417).  The  amounts  of  Sugar  and  of  Fat  in  the  hepatic  parenchyma, 
are  commonly  in  an  inverse  ratio  the  one  to  the  other ;  and  this  is  true  also 
of  the  proportions  of  these  substances  in  the  blood  of  the  hepatic  vein. 

410.  The  smallest  branches  of  Hepatic  Ducts  are  distributed  through  the 
fissures  between  the  lobules ;  coming  into  relation,  therefore,  with  their 
peripheries,  but  not  being  in  peculiarly  intimate  contact  with  their  paren- 
chymatous tissue.  If  any  branches  come  off  from  the  interlobular  ducts, 
to  enter  the  substance  of  the  lobules,  they  are  very  few  in  number,  and  do 
not  penetrate  far.  Their  termination  by  closed  extremities  cannot  be  always 
distinctly  seen;  and  sometimes  they  appear  to  ''lose  themselves,"  without 
any  distinct  endings ;  there  is  no  sufficient  ground,  however,  to  believe  that 
they  ever  form  a  plexus  in  the  substance  of  the  lobules,  as  some  have  main- 
tained. The  terminal  portions  of  the  ducts  are  crowded  with  nuclear  par- 
ticles and  granular  matter,  resembling  that  which  forms  the  intercellular 
plasma  of  the  lobules ;  there  arc  also  cells  which  seem  identical  with  those 
of  the  parenchyma,  except  that  their  walls  seem  thinner  and  their  contents 
more  pellucid ;  and  fragments  of  similar  cells  are  often  to  be  seen  ;  whilst 
the  columnar  epithelium  which  lines  the  larger  ducts  is  almost  or  entirely 
wanting.  These  appearances,  which  correspond  to  those  presented  by  the 
taboli  of  the  cortical  substance  of  the  kidneys,  indicate  that  an  active 
secretoiy  function  is  going  on  in  this  position ;  and  point  to  the  cells  and 
naclear  particles  within  the  biliary  ducts,  as  the  chief  instruments  in  the 
elimination  of  bile. 

411.  With  this  change  in  the  plan  of  structure  of  the  Liver,  a  very 
marked  change  in  the  distribution  of  its  Bloodvessels  is  connected.  In  the 
Invertebrata  generally,  this  organ  is  supplied  with  blood  from  a  single 
scarce ;  namely,  by  a  branch  of  the  principal  systemic  artery.  This  supply 
is  still  continued  in  the  Yertebrated  classes :  for  the  Hepatic  artery,  given 
off  from  the  aorta,  enters  the  liver  with  the  biliary  ducts,  the  ramifications 
of  which  it  accompanies  in  their  course  to  the  individual  lobules ;  and  it  is 
upon  the  walls  of  these  ramifications,  that  its  capillaries  are  chiefly  distri- 
bated.  But  the  principal  supply  of  blood  which  the  liver  receives,  is  that 
brought  to  it  by  the  Portal  trunk,  which  is  formed  by  the  convergence  of 
the  veins  of  the  digestive  apparatus,  with  the  addition,  in  the  inferior  Yer- 
tebrata  of  those  of  the  posterior  part  of  the  body  and  tail  (§§  240,  245). 

responded  best  with  his  own  observations,  and  which  was  at  the  same  time  most  pro- 
bable in  itself,  he  has  been  since  convinced  by  the  facts  and  arguments  adduced  by  Dr. 
Handfield  Jones,  taken  in  connection  with  the  parallel  phenomena  presented  by  the 
"  Vasealar  Glands,"  that  the  view  of  the  compound  nature  of  the  Hepatic  structure 
which  Dr.  Jones  was  the  first  to  propound,  is  really  the  correct  one,  and  that  the  ap- 
pearances which  have  led  both  himself  and  others  to  a  belief  in  the  pleziform  arrange- 
nent  of  the  bile-dacts,  are  fallacious.  Dr.  H.  Jones's  Memoirs  '*  On  the  Structure, 
Dvrelopment,  and  Function  of  the  Liver/*  contained  in  the  "  Philosophical  Transao- 
tions"  for  184G,  1849,  and  1863,  are  worthy  of  most  attentive  study. 
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Horizontal  section  of  three  saperficial  lobnlei 
of  the  Liver,  showing  the  two  principal  sys- 
tems of  bloodvessels ;  1,  !» infra-lobular  veins, 
proceeding  from  the  Hepatic  veins;  2,  2,  inter- 
lobular  plexus,  formed  by  branches  of  the 
Portal  veins. 


The  branches  of  this  vessel  (which,  so  far  as  regards  its  distribution,  is  as 
much  an  artert/  as  is  the  aorta  of  Fishes)  form  a  plexus  between  the  lobules 

(Fig.  178)  ;  and  from  this  plexus,  a 
Fig.  178.  set  of  converging  twigs  proceeds 

towards  the  centre  of  each  lobule, 
supplying  a  capillary  network  in  its 
substance.  In  the  centre  of  each 
lobule  a  radicle  of  the  hepatic  vein 
takes  its  origin,  collecting  the  blood 
from  the  capillary  network,  and  unit- 
ing with  other  nidicles  to  form  the 
trunk  of  the  Hepatic  Vein,  by  which 
the  blood  is  carried  into  the  Tena 
Cava.  Owing  to  the  peculiar  posi- 
tion of  the  branches  of  the  hepatic 
vein  in  the  centre  of  each  lobule, 
the  lobules  are  appended  (as  it  were) 
to  these  branches,  like  fruit  upon  a 
stalk  (Fig.  179).  The  precise  rela- 
tion of  the  capillaries  of  the  hepatic 
artery  to  those  of  the  portal  and 
venous  systems,  has  not  been  asca*- 
tained  beyond  all  doubt ;  but  there 
seems  reason  to  believe,  with  Hr. 
Kieman,  that  the  arterial  capillaries 
discharge  themselves  into  the  ultimate  ramifications  of  the  portal  vein ;  and 
that  thus  the  blood  of  the  former,  having  become  venous  by  passing  thiongii 

them,  mingles  with  the  other  venom 
blood  conveyed  by  the  portal  trunk  into 
its  capillary  network. — ^Now  when  we 
compare  this  very  remarkable  arrange- 
ment of  the  bloodvessels,  with  the  ar- 
rangement of  the  parenchymatoos  tissae 
and  the  bile-ducts ;  when  we  call  to  mind, 
also,  the  typical  structure  of  the  "  Ta^ 
cular  Glands"  (§  370),  with  respect  to 
whose  assimilating  action  there  can  be 
no  longer  any  reasonable  doubt;  and 
when  we  recollect  that  there  is  ampk 
evidence  of  a  similar  action  being  pe^ 
formed  by  the  Liver  (§  866) ;  it  seem 
almost  impossible  to  resist  the  inferaice, 
that  the  peculiar  arrangement,  both  of  the 
structural  elements  of  the  organ,  and  of 
the  bloodvessels  which  supply  it,  has  reference  to  this  combination  ofMd' 
milating  and  Secreting  operations ;  the  parenchymatous  substance  of  tbe 
liver,  which  is  supplied  by  the  portal  system  of  vessels,  being  essentially 
the  instrument  of  the  former,  whilst  the  biliary  ducts  with  their  contaimi 
cells,  which  are  supplied  by  the  hepatic  artery,  are  (as  in  secreting  glands 
generally)  the  organs  whereby  the  latter  are  immediately  effected.  There 
seems  no  adequate  reason,  however,  for  asserting  that  the  parenchymatotf 
portion  of  the  liver  takes  no  concern  in  the  secretion  of  bile ;  on  the  coft- 
trary,  there  seems  every  probability,  from  the  intimate  association  of  tbc 
two  sets  of  actions — the  converting  and  the  secreting — ^in  the  same  organ, 


Connection  of  the  Lobules  of  the  Liver 
with  the  Hepatic  Vein  ; — 1,  trunk  of  the 
vein;  2,  2,  lobules  depending  from  its 
branches,  like  leaves  on  a  tree ;  the  centre 
of  each  being  occupied  by  a  venous  twig, 
the  Intralobular  Vein. 
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that  the  latter  is  to  a  certain  extent  the  camplemeni  of  the  former,  biliary 
mutters  being  eliminated  in  the  very  act  of  the  metflmorphosis  to  which 
certain  of  the  components  of  tlie  blood  are  Bubjected.  The  ordinaiy  absence 
of  biliary  matter  from  the  contenta  of  the  hepatic  cells,  is  no  objection  to 
this  view;  since,  if  thia  matter  be  transmitted  from  cell  to  cell,  lowarda 
the  periphery  of  eacli  lobule,  as  fast  as  it  is  fornied,  we  should  no  more 
expect  to  find  it  in  the  parenchyma,  than  wo  expect  to  find  any  quantity 
of  urea  in  the  blood,  when  the  kidneys  are  duly  performing  their  func- 
tions. On  the  other  hand,  the  fact  that  the  hepatic  cells  are  occasionally 
found  to  be  turgid  with  biliary  matter,  when  the  final  eliminating  process 
is  in  some  way  interfered  with,  seems  to  indicate  that  they  are  concerned 

i4ik  its  separation  from  the  blood ;  although  this  action  may  be  altogether 
subordinate  to  the  coETerting  influence  which  they  exercise  upon  the  blood 
itself* 

412.  The  history  of  the  development  of  the  Liver  in  the  higher  animals, 
presents  many  points  of  most  interesting  analogy  to  the  pennanent  condi- 
tions which  the  orcran  has  been  thus  shown  to  possess  ia  the  lower;  and  at 
the  same  time  throws  light  upon  its  function.  The  first  rudiment  of  the 
gland  is  formed  by  a  collection  of 

cells  (forming  a  portion  of  the  origi-  Fig.  igo. 

nftl  embryonic  mass,  that  has  not  yet 
undergone  conversion),  in  the  neigh- 
borhood  of  that  spot  in  the  intestinal 
canal,  at  which  the  hepatic  duct  is 

^jtobsequently  to  discharge  itself.  This 
thickening  increases,  bo  as  to  form  a 
projection  upon  the  exterior  of  the 
canal ;  and  soon  afterwards  the  lining 
membrane  of  the  intestine  dips  down 
into  it,  so  that  a  kind  of  ctieeum  is 
formed,  surrounded  by  a  mass  of 
edfai  at  shown  in  Fig.  180.  I^ow 
heiB  we  haTe  the  obvious  representa- 
tion of  the  hepatic  organs  of  the  lower 
Inrertebrata ;  which,  in  their  mm  pies t 
farms,  are  nothing  else  than  Isolated  cells,  situated  in  the  walls  of  the  ali- 
mentary canal  itself  j  whilst,  in  their  next  grade,  they  are  clustered  round 
a  emcid  diverticnlnm  from  its  cavity.  The  condition  of  the  Liver  ia  Am- 
pki&xm  is  almost  precisely  represented  by  that  of  the  embryo  Fowl  at  the 
fourth  or  fifth  day.  The  increase  of  the  organ  seems  to  take  place  by  a 
continual  new  budding  forth  of  cells  from  its  peripheral  portion ;  and  a  con- 
gidenibk*  mass  is  thus  formed,  before  the  caecum  in  its  interior  undergoes 
any  e^iiension  by  ramifications  into  it.     Gradually,  however,  the  cells  of  the 

Interior  heeomc  metamorphosed  into  fibrous  tissue  for  the  investment  of  the 
offi^n ;  those  of  the  interior  break  down  into  ducts,  which  are  at  first 
developed  independently,  but  subsequently  come  into  continuity  with  the 
intestinal  cmcum,  and  which  are  lined  by  muscnlar  and  fibrous  tisanes  de- 
veloped from  the  primitive  cellular  blastema ;  whilst  those  which  occupy 
the  intervening  space,  and  which  form  the  bnlk  of  the  gland,  give  origin  to 

*  That  tlic  f  iipply  of  blood  brought  by  thi^  Hopntie  Artery  ia  subserricnt  in  Tert«- 
tmt%  Hi  111  Invurtubrtitiip  to  the  Kecretion  of  bile,  is  proTed  hy  ihe  f»ct  that,  if  tht 
Vetiii  Port  ID  bo  iM,  the  bile  is  still  formed  \  wbibt  ibat  it  Is  not  the  *oU  source  of  tll9 
iK^cr«lioa,  U  iudkatGd  by  the  fact  tbfti  the  amount  of  bik  ia  dlmmialicd  by  the  opera- 


Oripn  of  tha  Liimr  on  the  Intestinal  whU 
in  the  embrjo  of  tb«  Fowl,  «n  th«  ft^tirib  day 
oriueubation ;— dt  h<sari;  hf  inteiiitie ;  p»  u vert- 
ed purttoEi  becnoiln^  connected  with  Uver;  d^ 
Iheti  «,  portioa  of  j{ilk*biig. 
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the  cells  of  the  parenchyma.  As  this  is  going  on,  the  hepatic  mass  is  grada- 
allj  removed  to  a  distance  from  the  wall  of  the  alimentary  canal ;  and  the 
caecam  is  narrowed  and  lengthened,  so  as  to  become  a  mere  connecting 
pedicle,  forming,  in  fact,  the  main  trunk  of  the  hepatic  duct. — Thus,  then, 
the  Liver  of  Yert«brata  exists  in  the  first  instance,  as  a  parenchymatoas 
mass,  which  originates  independently  of  any  offset  from  the  alimentaiy 
canal,  and  which  essentially  resembles  that  of  which  the  Assimilating  Glands 
are  composed ;  and  the  history  of  its  development,  therefore,  fully  sanctions 
the  view  of  the  essentially  double  nature  of  the  organ,  which  has  been 
founded  upon  its  structure  and  upon  what  can  be  ascertained  of  its  madnu 
operandi, 

413.  We  have  now  to  inquire  into  the  characters  of  the  Bile,  and  the 
purposes  to  which  it  ministers  in  the  Animal  economy.  Of  the  solid  mat- 
ter, which  forms  nearly  a  tenth  part  of  the  whole  secretion,  about  an  eighth 
part  is  composed  of  alkaline  and  earthy  salts,  corresponding  with  those 
found  in  the  blood,  but  not  bearing  the  same  proportions  to  each  other; 
soda  being  present  (apparently  in  a  state  of  actual  combination  with  biliaiy 
matter)  in  such  amount  as  to  be  peculiarly  characteristic  of  this  product 
The  organic  constituents,  which  make  up  the  remainder  of  the  solid  matter 
of  the  bile,  arc  acted  upon  by  reagents  with  i)eculiar  facility,  and  are  thu 
liable  to  be  changed  by  the  processes  which  are  merely  intended  to  separate 
them ;  and  hence  the  accounts  of  them  given  by  d^erent  Chemists  have 
been  far  from  being  conformable  with  each  other.  It  appears,  however, 
that  the  fundamental  component  of  Bile  is  a  fatty  or  rather  a  resinous  add, 
now  termed  Ghdic,  from  which  nitrogen  is  altogether  absent,  whilst  oiygen 
is  present  in  it  in  only  a  small  proportion,  its  formula  being  48  Carbon,  39 
Hydrogen,  9  Oxygen.  This  forms  a  "  conjugated"  compound  with  Glfdm 
(or  gelatine-sugar),  which  is  termed  glycochoUc  acid ;  and  it  is  this  add 
(formerly  known  as  the  hilic  or  tholic  acid)  which  is  the  principal  organic 
constituent  of  the  bile  of  most  animals ;  being  united  in  that  fluid  with  pot- 
ash and  soda  as  bases,  and  not  having  a  sufficiently  strong  acidity  to  prevent 
its  salts  from  possessing  an  alkaline  reaction.  The  formula  of  tiiis  add  is 
C3j,H„N0„+H0. — Cholic  acid,  however,  forms  another  "conjugated" com- 
pound with  taurine,  a  neutral  substance  containing  25  per  cent,  of  sulphur; 
and  this  taurocholic  acid,  though  existing  in  bile  in  smaller  quantity  thu 
the  preceding,  has  yet  the  important  function  of  keeping  it  in  solution,  by 
its  remarkable  power  of  dissolving  fatty  bodies,  and  by  its  own  ready  boIb- 
bility  in  water.  Its  formula  is  CaaH^S^O^.  A  small  quantity  of  Qbbt- 
terin,  a  white  crystallizable  fatty  substance  whose  formula  is  C^fijO,  tin 
exists  in  bile;  in  many  disordered  states,  this  accumulates  in  large  amount; 
and  it  forms  the  principal  ingredient  of  most  biliary  concretions,  bdn; 
sometimes  their  sole  constituent. — The  peculiar  Coloring  matter  of  bile,  or 
Bile-Pigment,  is  a  substance  which  it  is  very  difficult  to  examine  satisfte- 
torily,  on  account  of  its  extreme  instability.  It  is  remarkable  for  the  large 
proportion  of  carbon  which  it  contains,  this  being  no  less  than  68  percent; 
and  it  forms  insoluble  compounds  with  lime,  which  enter  largely  into  the 
composition  of  some  biliary  calculi.  Although  its  chemical  characters  hate 
not  yet  been  satisfactorily  made  out,  there  seems  much  probability  that  it 
is  related  to  the  coloring  matter  of  the  blood;  for  the  addition  of  anunenl 
acid  to  the  coloring  matter  of  bile  produces  remarkable  changes  in  its  hne, 
converting  the  yellowish  matter  successively  into  grreen,  blue,  violet,  red, 
and  brown ;  in  fact,  precisely  into  those  colors  which  are  exhibited  by  fte 
coloring  matter  of  the  blood,  as  left  in  an  ''  ecchymosis"  in  procc^  of  de 
parture. 
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414.  There  is  every  probability  that  these  sabstanccs  exist  in  the  blood, 
in  a  condition  not  very  dissimilar  to  that  in  which  they  are  found  in  the  pro- 
duct secreted  from  it.  Thus,  Cholesterin  may  be  obtained  from  blood-semm, 
by  an  analytical  process  of  no  great  complexity ;  and  its  presence  there  is 
manifested  by  its  occasional  deposit,  as  a  rcsolt  of  diseosed  action,  in  other 
parts  of  the  body,  especially  in  the  fluids  of  local  dropsies.  The  Coloring 
matter  appears  to  be  deriyed,  directly  or  indirectly,  from  the  hsematine  of 
the  blood. .  Of  the  Biliary  acids,  however,  it  can  only  be  said  that  their 
indefinite  reactions  have  hitherto  prevented  their  detection  in  the  blood  by 
chemical  tests ;  and  mnch  yet  remains  to  be  learned  regarding  their  history. 
From  the  considerations  to  be  presently  adduced,  it  would  seem  probable 
that  biliary  matter  does  not  exist  as  such  in  the  blood,  previously  to  the 
formation  of  the  secretion ;  but  that  its  elements,  derived  from  the  disinte- 
gration of  the  tissues,  are  present  in  the  circulating  fluid  under  some  more 
pernicious  form,  and  are  transformed  by  the  agency  of  the  liver,  in  order 
that  they  may  be  reabsorbed  in  a  less  noxious  condition,  to  be  finally  elimi- 
nated by  the  respiratory  process.  It  is  certain  that  the  eficcts  of  the  re- 
absorption  of  bile  into  the  blood,  as  seen  in  ordinary  cases  of  jaundice 
dependent  upon  obstruction  of  the  biliary  ducts,  are  not  nearly  so  injurious 
as  are  those  of  the  retention  of  the  elements  of  the  secretion,  consequent 
upon  deficiency  of  the  secreting  power  of  the  liver ;  for  whilst,  in  the  latter 
case,  death  speedily  supervenes,  if  no  other  outlet  be  found  for  the  excrc- 
mentitious  matter,  no  severe  injury  necessarily  arises  from  the  accumulation 
of  biliary  matter,  in  the  former,  to  even  such  an  extent  that  the  tissues  in 
general  are  tinged  by  it.  And,  as  will  presently  appear,  there  is  strong 
reason  to  believe  that  the  reabsorption  of  biliary  matter  into  the  circulating 
current,  is  the  means  by  which  it  is  finally  carried  out  of  the  system. 

415.  The  special  purposes  answered  by  the  secretion  of  Bile  are  still 
involved  in  considerable  obscurity ;  but  more  definite  and  probably  more 
correct  ideas  in  regard  to  them  are  gradually  being  evolved ;  and  the  fol- 
lowing may,  perhaps,  be  regarded  as  tolerably  well-established  truths. — In 
the  first  place,  the  bile  must  be  considered  as  an  excrementitioiis  substance, 
derived  from  the  disintegration  of  the  tissues,  or  from  the  decomposition  of 
the  elements  of  the  blood ;  and  it  serves  especially  to  remove  from  the  blood 
the  hydro-carhonaceous  portion  of  the  ciTete  matters,  the  nitrogenous  being 
eliminated  in  the  urine.  It  has  been  pointed  out  by  Prof.  Liebig,  that  if 
we  add  to  half  the  formula  representing  the  ultimate  composition  of  6i7e, 
the  formula  of  urate  of  ammonia  (which  is  the  characteristic  component  of 
the  urine  of  all  animals  save  Mammalia),  the  sum  gives  the  proportionals 
of  the  ultimate  components  of  dried  blood  or  of  Jiesk,  with  the  addition  of  1 
eq.  of  oxygen  and  1  eq.  of  water.     For : — 

Half  an  equiTalent  of  Biliary  matter    .     .     s=88C,83H,  N,110 
One  equivalent  of  Urate  of  Ammonia  .     .    ss  lOC,  7H,oN,  60 

The  sum  of  which       .     .    aB48C,40H,GN,17O 
And,  in  like  manner : — 

Formula  of  Blood =a48C,89H,6N,loO 

1  Eq.  of  Water+l  Eq.  of  Oxygen  .     .     .    «  H,        20 

48C,40H,6N,17O 

Now,  although  it  must  be  admitted  that,  by  a  dexterous  management  of 
fonnule,  almost  any  kind  of  transformation  may  be  effected  on  paper,  yet 
this  coincidence,  without  any  management  at  all,  is  so  close,  that  it  cannot 
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ba  regarded  as  accidental;  and  we  ieem  fairly  entitled  to  look  npOD  the 
princiiml  materials  of  ihe  animal  fabric  s^  partly  resolFing  themselvej^  in 
^  their  disiuteg^mtion,  into  the  characteristic  components  of  the  two  prtiicijml 
excretions,  the  Urinary  and  the  Biliary.  Of  course,  this  reaoktiou  onlj 
expresses  a  part  of  the  metamorphoses  which  the  tissues  undergo  ^  for  tfci 
creatine  and  creatinine  of  the  urine,  and  the  feeal  matters  of  the  aUmentafr 
canal  J  mui^t  he  regarded  in  the  Kame  light ;  and  there  are  doubtless  other 
excrement  itious  matters  {included  in  the  general  term  "  extractiTe"),  of 
which  we  know  still  less^  that  must  be  attributed  to  a  like  origin*  But  it 
eeems  satisfactorily  to  account  for  the  components  of  the  biliary  matter; 
since  they  form  the  compkment  of  the  urinary ;  so  that  the  formation  of 
each  excretion  seems  to  involve  that  of  the  other.  Now,  that  the  Bile  is  in 
it«  essence  an  excremeotitions  product,  a^d  that  the  assistance  it  may  afford 
in  the  digestive  process  is  not  the  principal  purpose  of  its  secretion »  appeao 
ftirther  from  this;  that  it  is  eliminated  during  the  latter  part  of  embryoojc 
life,  and  that  it  then  accumulates  in  the  alimentary  canal,  forming  a  larg9 
part  of  the  meconium  which  is  discharged  soon  after  birth.  But  from  th« 
time  that  respiration  commences^  and  during  the  whole  subsequent  life,  it 
appears  from  chemical  analysis  of  the  feces,  that  not  mneh  of  the  bile, 
save  its  coloring  matter,  is  evacuated  in  the  state  of  health  ;  $q  thai  a  ht^ 
part  of  t/tat  which  is  poured  into  the  alimentary  canal^  ntttU  ^e  rea^M&rM 
through  the  bloodvtsitls  and  lffmphatic4  oft  is  wnJh.  And  itiere  can  be  Uttia 
doubt  that,  when  thus  reabsorbed,  ond  taken  into  the  cnrrent  of  the  circa- 
lation  in  a  kss  noxious  form  than  that  in  which  its  elements  prerionily 
existed,  the  biliary  matter  is  chiefly  eliminated  by  the  respiratory  ptoceffi; 
its  sulphur,  however,  being  oxidixed,  that  it  may  be  carried  off  by  the  nrims, 
and  its  soda  being  eliminated  by  the  same  channel.  In  this  point  of  view, 
the  secretion  of  bile  may  be  reirarded  as  the  intennediate  stage  betwi»cn 
the  disintegration  or  **  waste^'  of  the  tissues,  and  the  final  elimination  of  the 
conil>ustible  products  of  that  waste  by  the  instrumentality  of  the  tttngs, 

416.  But  that  the  Bile  performs  some  subsidiary'  function  in  the  Digest- 
ive process,  would  also  seem  beyond  doubt.  It  is  not,  however,  a  siilBcient 
indication  of  this,  that  we  should  find  the  outlet  of  the  hepatic  orgaiii^ 
through  the  entire  Animal  Kingdom,  to  be  in  the  part  whert  4igeitioii  it 
most  actively  going  on  ;  for  it  might  be,  that  the  discharge  of  Ite  bile  fal» 
tJie  upper  part  of  the  alimentary  canal,  has  reference  merely  to  its  rcdbtofp- 
tion.  But  it  appcars^  from  the  results  of  aamerous  experioientii,  tlmt  WM 
the  bile-duct  is  divided,  and  its  extremity  is  drawn  out  of  the  body,  in  noA 
ft  ntauner  that  it  can  freely  discharge  the  hepatic  secretion,  bat  ^»  -  -  tr»- 
vented  fhrai  fnaaing  into  the  alimentary  canal,  the  animate,  al^  f*r 

do  not  it  first  appear  to  suffer  much  in  health,  gnulually  become  t  ni.-^.  utcj^ 
and  at  last  die  of  inanition,  unless  they  are  allowed  lo  nrceive  back  lite  hSk 
by  licking  the  wound,  in  which  case  lliey  survive.  And  it  seeiai  firoffd 
by  ttie  inftst^iliuns  of  Lehmanu  and  Fn^nchs,  that  althongli  the pcneroftfe 
imfy  pnoiBMCO  eonsldenble  powt^r  of  ''nnulsifytng^  tlit  oleifia* 
.era  Iji  tilt  ilinieotAiT  erfnaU  yet  that  it  answers  thta  intrpoM  «k1i 
moH-  ttTi-ctually  wbeJi  tniofled  witk  bile,  wlueli  pemeema  mm  emuklf^flog 
pi>wvr  uf  its  owiL 

411.    Tbu^  tlten,  if  we  brin^  lofretlier  utt  tlielSMtj)  at  present  ia  ov 
l>i>^%iWoii»  with  ftllBi«iioe  tti  the  offices  of  llie  HefMtic  apparaliu,  Um 
Irad  to  lbes«  conclusions.     L  That  it  Is  essentially  an  orgaji  it 
.^o,  d<!»giicd  to  rvfiiOT«  from  tht  cimiiatiiig  told  tJiatportioti  of  tlit 
t  oC  disiDtrgratfaMi,  of  which  the  principal  comfGmmt  of  iKe  vfiMcy 
ioa  k  iIm  ""  rooplciiieBt.''*-^?.  Tkat  in  4GAag  tkk,  it  coarerts  tht 
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greater  part  of  the  excrementitions  matters  into  the  conjui^ated  Vjiliaiy  acids  | 
BabRtaiices  which  can  be  reabsorbed  with  less  injarj,  and  which,  after  per- 
formittg  their  part  in  the  digestiTe  process,  are  taken  back  into  the  blood, 
~     ho  fUiniimted  by  oxidation  throngh  the  lungs,* — 3.  That  the  tempo- 
presence  of  bile  in  the  ahmentary  canal  ig  subservient  to  the  digestion 
ail  tibs5orptioH  of  the  non-azotized  componnds,  and  in  some  degree  to  timt 
the  albuminous  also. — 4,  Tbat  in  Tertebrated  atiimals,  it  is  also  an 
tmiiaiing  organ,  exerting  its  agency  upon  the  alimentary  materiftla 
ight  by  the  blood  (|  30S),  converting  the  crude  albuminous  matters 
blood'albumen,  and  preparing,  both  from  the  eubstances  newly  intro- 
aced,  and  from  those  which  (having  served  their  purpose  in  the  body) 
»ve  become  effete,  peculiar  saceharine  and  oleaginous  compounds,  which 
ipply  the  pahulmn  for  the  respiratory  process.^ — Since  we  are  thus  to  regard 
lie  production  and  separation  of  Fatty  matter  as  one  of  the  great  purposes 
werecl  by  the  Liver,  it  need  not  surprise  us  to  find  that  this  organ  should 
Giuetitly  serve,  not  only  to  prepare  this,  but  also  to  store  it  up  j  and  stueh 
|e  might  expect  to  be  the  fact  especially  in  those  classes  of  animal*;,  in 
rhich  its  fmal  elimination  by  the  respiratory  action  is  slow.     Now  we  have 
ttuiid  that  the  great  bulk  of  the  liver  in  the  Crustacea,  Mollusca,  and  cold- 
Jooded  Yertebmta,  lias  reference  apparently,  not  to  a  large  production  of 
but  to  an  aecuraulation  of  fat;  whilst  in  Mammalia  the  fat  is  in  very 
Eiall  amount,  unless  the  respiration  be  impeded ;  and  in  Birds,  whose  rcspi- 
is  pre-eminently  active,  scarcely  any  traces  of  fat  are  to  be  found, 
t  fat  thus  stored  up  in  the  liver  wiil  probably  be  taken  into  the  current 
"be  circulation,  as  it  U  wanted,  by  the  blood  which  passes  through  the 
I ;  and  may  never  be  discharged  as  an  excretion  into  the  alimentary 
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418*   Oftim  Kidnetjs  and  Hie  Urinary  Excretion. — The  Kidneys  are  to  be 

^garded  as  purely  excrefinff  organs;  their  sole  function  being  to  separate 

torn  the  blood  certain  matters  which  would  be  injurious  to  it  if  retained ; 

nd  these  matters  being  destined  to  immediate  and  complete  removal  from 

he  system      These  glands  almost  always  present  a  tubular  structure ;  the 

ttjuircd  exlent  of  surface  being  given,  not  by  the  multiplication  of  sepa- 

Bite  follicles,  but  by  a  great  prolongation  of  the  individual  caeca.     The 

ariuttry  organs  do  not  acquire  any  great  development  among  the  Invcrte- 

bruUi  generally,  and  all  traces  of  them  are  frequently  wanting.     In  Imecis 

Ind  Arat^huda  they  present  themselves  as  a  group  of  caecal  tubuli,  dis* 

liarging  themselves  into  the  cloacal  termination  of  the  alimentary  canal 

U)0,  A,  A)  ;  and  simile  tubuli  are  found  in  some  of  the  higher  Crust- 

k^ — In  the  Molluscous  series,  however^  the  urinary  organs,  where  they 

Kiit,  possess  rather  a  follieular  character.     A  glandular  moss  is  found  in 

&mc  Vonthifera,  consisting  of  an  elongated  sacculus,  that  lies  on  each  side 

'the  dorsal  margin  between  the  pericardium  and  the  adductor  muscle,  and 

ip^ning  by  a  minute  orifice  into  the  canity  of  the  mantle ;  and  this,  though 

erly  regarded  as  a  calcifying  gland,  seems  to  be  really  a  kidney  j  for 

i  parcncbynm  of  its  walls  readily  decomposes  into  minute  corpuscles, 

A  When  %n  ususuallj  liiffe  <}UjiDtUy  of  bib  b  poured  into  the  iateatind  canal,  us  alter 
Clion  of  a  mercuriiil  purgiitiT©,  or  In  *♦  bltiouA  (Uarrfaccs,"  the  p«ater  portion  of  it 
«a  reabsorption,  and  in  ejected  per  (tn^m. 

Ti*  doetrine  that  the  agcney  of  tlio  Lircr  ii  pre|>Arfttoi7  to  the  Reapiratory  fuuc- 
iM  first  propounded  by  Pryr  Lieblg  (''Animal  Cliemie^,"  1842);  and  although 
I  hid  to  c^untend  again »l  many  important  object! ons^  it  has  gradually  mncJc  its  way 
^hjsiological  Science  :  in  U»c  fonn  in  wbicb  it  i^  above  $tatc^d,  the  author  bellevea 
;  will  be  found  conaiitfflt  with  aU  Uio  facts  at  prosent  known, 
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which  consist  chiefly  of  uric  acid,  and  which  are  probably  to  be  regarded 
as  having  been  originally  secreting  cells,  that  have  become  filled  with  that 
excretory  product.  A  similar  organ,  composed  of  a  series  of  lamellse  in- 
closed in  a  sac  that  is  continued  into  an  excretory  duct  opening  externally 
near  the  anus,  is  found  in  many  Gasteropods ;  and  the  lamelle  are  covered 
with  closely-set  thin-walled  cells,  which,  besides  a  transparent  liquid,  con- 
tain a  brownish  nucleus  that  is  composed  of  uric  acid.  It  is  remarkable 
that  in  animals  so  highly  organized  as  the  Cephalopoda,  the  presence  of  a 
proper  renal  organ  should  have  been  so  long  undetermined.  The  surmise 
of  Prof.  Mayer,  that  the  masses  of  follicles  connected  with  the  great  veioB 
(Fig.  125,  r)  are  to  be  regarded  as  a  urinary  apparatus,  has  been  confirmed 
by  Siebold,  who  states  that  they  contain  uric  acid. 

419.  When  we  pass  to  the  Yertebrated  series,  however,  we  usually  find 
the  Urinary  organs  attaining  a  large  size  in  the  clase  of  FUhts;  but  their 
type  of  confirmation  is  low.  They  very  commonly  extend  through  the 
whole  length  of  the  abdomen ;  and  consist  of  tufts  of  uniform-sized  tubules, 
which  shoot  forth  transversely  at  intervals  from  the  long  ureter,  and  are 
connected  together  by  a  loose  web  of  areolar  tissue,  that  supports  the  net- 
work of  vessels  distributed  upon  their  walls.  This  condition  of  the  urinaiy 
apparatus  is  very  analogous  to  that  of  the  Corpora  Wolffiana,  or  temporary 
renal  organs  of  the  embryo  of  the  higher  Yertebrata,  which  are  afterwards 
superseded  by  the  permaiient  kidneys  (§  422).  In  the  lowest  members  of 
the  class,  however,  the  structure  is  yet  simpler;  for  in  the  Oyeh$tom%f  each 
long  duct  sends  off  at  intervals,  instead  of  a  bundle  of  tubuli,  a  short  wide 
tube  which  communicates  with  a  single  cascum ;  and  at  the  bottom  of  this 
is  a  small  "  vaso-ganglion,"  or  convoluted  plexus  of  bloodvessels,  which 
reminds  us  of  the  Corpora  Malpighiana  in  the  kidneys  of  higher  Yertebrata^ 
In  the  Amphioxus,  the  only  rudiment  of  a  kidney  is  the  slightly  opaque, 
slender,  elongated,  glandular-looking  body  (Fig.  127,  h),  which  is  considered 
by  Prof.  Owen  to  possess  this  character,  though  its  structure  has  not  yet  been 
fully  elucidated. 

420.  The  size  of  the  Kidneys  is  usually  considerable  in  RepHhs;  hot 
their  form  differs  greatly  in  the  several  orders  of  the  class,  being  narrower 

and  much  elongated  in  Batra- 
Fig.  181.  chia  and  Ophidia,  but  broader 

and  shorter  in  Sauria  and  Che- 
Ionia.    Their  essential  stmo- 
ture,  however,  is   nearly  the 
same  throughout ;  for  the  nr^ 
ter  gives  off  a  large  number 
of  transverse  cfeca,  which  an 
short  and  nearly  straight  io 
the  lower  Reptiles  and  in  the  early 
condition  of  the  higher  (Fig.  181), 
but  which  in  the  mora  developed 
conditions  of  the  organ  becooe 
long  and  convoluted  (Fig.  182), 
each  group  forming  a  lobule,  whidi 
receives  branches  from  the  portal 
trunk  that  supplies  the  organ  with 
blood.     In  the  Crocodile,  the  dis- 
^  .  ,  tinction  between  the  cortical  and 

cull  of  tubnii  urioiferi.  uey  bccomcs  cvidcut ;  the  former 


Kidney  of  fcDtal  Boa : — the  urinary  tubes 
short  and  itrnight. 

Fig.  182. 


yet 
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Fig,  183, 


rynimiflRl  ftwclpuU  of  Tii- 
biiU  l]rioif«ri  of  Bit^,  ter- 
tniniitmg  in  ona  of  lliu 
bnuiohi!^!  of  ibe  Br«t«r. 
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cm  I?  fhe  part  hi  which  the  liloodressels  are  most  copiotmly  distributeti, 
iT)d  in  wiiich  Ihe  lubiili  liave  the  most  couvoluted  arruugemetit ;  whilst  the 
aUtili  ia  the  latter  are  slraighter,  atid  converge  more  directly  to  the  points 
Itwhkh  they  discharge  themselves  iuto  the  ureter. 
The  Oorpora  Malpi^hiana  (§  421),  where  they 
ftxist  in  this  class,  are  i^eattered  through  the  entire 
lubstancc  of  the  kidney  j  not  being  restricted,  as 
Eti  the  higher  aniraals,  to  \\%  cortical  portion.— In 
'  lifih,  too,  the  kidneys  are  of  large  size ;  and  thej 
present  also  a  greater  compactnesij  of  texture.. 
The  lobules  of  which  they  are  composed,  can  often 
lot  he  di8ting:uished  externally ;  but  they  are  con- 
aected  with  separate  branches  of  the  ureter,  and 
l4i  consists  of  a  coa verging  hundle  of  tubuli 
innifcri,  forming  its  *' medullary**  portion  (Fig. 
183),  and  of  the  dichot^moiis  ramification.^  of  these 
the  outer  part  of  the  lobule,  of  which  they  con- 
titute  the  **corticar*  portion. — It  is  in  Mammalia, 
(low ever,  a^  in  Man,  that  the  organ  becomes  most 
Bompact,  and  the  distiaction  between  its  cortical 
.  med  u  1  lary  port  i ons  m  o  st  cl  early  marke  d .  The 
ate  clusters  of  tubes  do  not  now  open  into  distinct  branches  of  the 
iriler;  but  discharge  their  contents  into  a  capacious  canity  formed  by  the 
lilatation  of  the  ureter  in  the  interior  of  the  kid* 
aey  (Pig.  184),  which  looks  (in  section)  as  if  it 
r^re  doubled  together  around  iL  The  lobules 
[>sed  of  these  separate  clusters  are  nsually 
ied  together  so  closely,  that  they  can  neither 
Ije  distinguished  externally,  nor  be  separated  from 
each  other  anatomieally ;  in  many  of  the  lower 
iJfamrualia,  however,  the  lobulated  charEu^ter  which 
lU  gland  always  possesses,  at  an  early  stage  of 
:  devebpment  (§  422),  is  permanently  retained, 
42  L  The  proper  secreting  apparatus  consists 
►f  the  epithelial  cells  of  the  tubnli  uriniferi  of  the 
portical  Bubstancc,  which  draw  the  peculiar  ele- 
aents  of  the  urinary  excretion  from  the  vascular 
filexus  which  surrouiida  them,  and  then  deliver 
tiese  up,  to  be  carried  off  through  the  tubuU  of 
tie  raedul lary  portion,  to  their  terminations  in  the 
retcr.  Tlie  epithelium  of  the  convoluted  or  ie- 
eting  portion  of  the  tnbuli,  is  of  the  kind  that 
termed  *' spheroidal"  or  "gkadulaj/'  its  cells 
having  a  more  or  less  rounded  form,  and  adhering 
^Joosely  to  tlM*  basement  membrane  on  which  they 
^Be ;  they  are  granular  and  opaque,  apparently 
^Bontaining  a  considerable  quantity  of  solid  matter ; 
^Krhibt  their  walls  are  so  delicate,  that  they  fn.<- 
^^iicntly  dissolve  away  when  water  is*  added,  so 
that  the  d^brh  of  the  renal  epithelium  are  not 
sible  in  healthy  urine.  On  the  other  hand,  the 
Ijitheliam  of  the  straight  or  tnedulhvr^^  portion 
the  tn but)  is  of  the  *' tessellated**  or  "  pave- 
acut^'  kind  ;  its  cells  are  flattened  aad  polygonal 
28 


A    ii!hvtuiii    of    tli6    ITiiman 

H I  kprn  ■  Ke  n  a  L  cup  sn  lo  ;  1  b  e 
Fwdlinga  npf^n  iha  eurfiice 
murk  the  ortj^injil  con.vtitu-^^ 
tiun  of  tbe  orgjtn,  ai  tuade  up 
of  dMinpt  |ubeii~L  The 
»upm-retii]l  iMi.p!<u1e,  %.  Cvr- 
tu«1  poTlion  of  tb^3  kiilnej, 
3,  A.  Its  mHitwnury  iJ<>rHntjp 
cnnxiii'ting  of  rnni»p.  4^  i.  Tiro 
of  the  piipUltD  |«r'gi?ctin|:  ij\in 

A, A,  5,  The*  thret  inriinfliibiih  | 
the  midilU^  LB  li^itupitcd  iu  the 
mouth  of  m  ^ulys..      ^.  Tbo 
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Fig.  185. 


Portion  of  Tuhulut  I'nni- 
/cnUf  with  iU  UMvUuted  epi- 
thelium. 


(Fig.  185),  and  are  applied  closely  against  the  walls  of  the  tabnii ;  their 
contents  are  more  transparent,  and  their  walls  firmer ;  and  it  does  not  seeiu 
])rol)able  that  they  take  any  j)art  in  the  elimination  of  the  secretion.  The 
Kidney  contains  another  apjiaratus,  of  a  very  peculiar  description,  which 
ai>i>ears  specially  destined  for  the  separation  of  the 
superfluous  Jiind  of  the  blood,  by  a  process  of 
simple  transudation.  When  a  section  of  the  cor- 
tical substance  is  slightly  magnified,  the  cat  surface 
is  seen  to  be  studded  with  a  number  of  little  dark 
])oints,  each  one  of  which,  when  examined  under  a 
higher  magnifying  power,  is  found  to  consist  of  a 
knot  of  minute  bloodvessels,  formed  by  the  con- 
volutions of  thin-walled  capillaries  (Fig.  186,  m). 
These  bodies,  termed  Corpora  Malpightafia,  after 
their  first  discoverer,  are  included  in  little  flask- 
shaped  capsules,  the  necks  of  which  are  continuous 
with  the  tubuli  uriniferi,  so  that  these  may  be  con- 
sidered as  sending  off  little  diverticula  to  invest 
the  Coqiora  Malpighiana,  which  lie  freely  within 
them.*  Each  of  these  little  vascular  knots  is  di- 
rectly supi»lied  by  a  branch  of  the  renal  artery 
(Fig.  186,  CT,  h),  which,  when  it  reaches  the  capsule,  subdivides  into  a  group 
of  capillaries ;  and  these,  after  forming  the  convoluted  tuft  (m),  coalesce 
into  a  single  efferent  trunk  (ef).  The  efferent  trunks  of  the  several  Mal- 
pighian  bodies  discharge  their  blood  into  the  capillary  plexns  which  sur- 
rounds the  tubuli  uriniferi ;  and  it  is  from  this  that  the  solid  matter  of  the 
urinary  secretion  is  elaborated.  Thus  the  whole 
Malpighian  system  of  vessels  may  be  considered 
(sis  Mr.  Bowman  has  pointed  oat)  in  the  light  of  a 
jfortal  system  within  the  kidney ;  the  efferent  vessels 
of  the  Corpora  Malpighian  being  collectively  the 
representatives  of  the  Vena  Portie,  since  they  con- 
vey the  blood  from  the  first  (or  systemic)  to  the 
second  (or  secreting)  set  of  capillaries.  In  Rep- 
tiles (in  which,  as  in  Fishes,  the  Kidney  is  partly 
supplied  from  the  hepatic  portal  system  §  242),  the 
efferent  vessels  of  the  Malpighian  bodies,  which 
receive  their  blood  (as  elsewhere)  fh>m  the  renal 
artery,  unite  with  the  branches  of  the  portal  vein 
to  form  the  secreting  plexus  around  the  tubnli  nri- 
iiifcri ;  so  that  this  plexus,  like  the  secreting  plexu 
of  the  Liver  (§  411),  has  a  double  soaice,  the 
vessels  which  supply  it  receiving  their  blood  in  part 
from  the  capillaries  of  the  organ  itself,  and  in  part 
from  those  of  other  viscera.  In  Mammalia,  how- 
ever, the  secreting  plexus  is  entirely  supplied  bf 
the  efferent  vessels  of  the  Corpora  Malpighiaaa; 
though  in  Birds  the  oviparous  type  of  diatribatioD 
seems  still  to  prevail  to  a  certain  extent  (§  245).— 


Fip.  180. 


Distribntion  of  the  Ilennl 
▼euols,  from  Kidni\v  <if 
Home: — n. branch  of  RenHl 
mrtcry  ;  o/,  afferent  vewel ; 
m,  n,  Mnlpighinn  tuflt :  «/, 
e/f  efforenl  ve«pclii ;  p,  vag- 
euUr  ploxus  Barroanding 
the  tubvff;  «f,  straight  tub«; 
ct,  convoluted  tube. 


^  By  Mr.  Bowman,  the  first  di.^coTercr  of  this  curious  relation,  it  was  sappoMd  thM 
the  flask-shnpcd  dilatation  was  formed  hy  the  expansion  of  the  extremity  only  of  tkt 
tubulus  urinifcms  ("Philos.  Tran.snct/'  18-12):  subsequent  inTestigatiouB  have  pro«ci 
however,  that  the  Corpora  Mnlpifihiana  arc  connected  with  the  sides,  as  well  «s  witk 
the  extremities  of  the  tubuli,  eo  thut  each  tubulus  is  in  relation  with  sereral  of  tlitf* 


EMBRTONIO  DEVELOPMENT  OF  KIDNEY. 


435 


The  necks  of  the  flask-shaped  diverticula  of  the  tnbuli  nriniferi,  are  easily 
seen,  in  the  cold-blooded  Vertebrata,  to  be  lined  with  a  ciliated  epithelium'; 
by  the  agency  of  which,  the  water  filtered  off  through  the  Malpighian 
capillaries  is  driven  along  the  tube.  No  cilia  have  yet  been  detected  in  the 
tnbuli  of  Birds  or  Mammals ;  but  several  considerations  render  their  exist- 
ence probable. 

422.  In  the  embryological  development  of  the  Kidneys  of  the  higher 
Vertebrated  animals,  we  have  a  very  interesting  example  of  the  evolution 
of  an  organ,  which  is  to  serve  only  a  temporary  purpose  in  them,  but 
which  remains  as  the  permanent  instrument  of  the  function  in  the  lowest 
class,  although  superseded  in  the  higher  by  an  organ  formed  upon  a  more 
elaborate  type.  The  first  appearance  of  anything  like  a  Urinary  appa- 
ratus in  the  Chick,  is  seen  on  the  second  half  of  the  third  day ;  and  the 
form  then  presented  by  it  is  that  of  a  long  canal,  extending  on  each  side  of 
the  spinal  column,  from  the  region  of  the  heart  towards  the  allantois ;  the 
sides  of  which  present  a  series  of  elevations  and 
depressions,  indicative  of  the  incipient  develop- 
ment of  cflsca.  On  the  4th  day,  the  Corpora 
Wolffiana,  as  they  are  then  termed,  may  be  dis- 
tinctly recognized  as  composed  of  a  series  of 
ciecai  appendages  which  arc  attached  along  the 
whole  course  of  the  first-mentioned  canal,  open- 
ing into  its  outer  side  (Fig.  187,  i) ;  and  thus 
closely  corresponding  with  the  condition  of  the 
so  called)  kidneys  of  Fishes  (§  419).  On  the 
5th  day,  these  appendages  arc  convoluted,  and 
the  body  which  they  form  acquires  increased 
breadth  and  thickness ;  they  evidently  then  pos- 
sess a  secreting  function,  and  the  finid  which  they 
separate  is  conveyed  by  the  duct  of  each  side 
(2, 2)  into  the  allantois^  a  sac  which,  though  em- 

Sloyed  as  a  temporary  respiratory  organ  (Chap. 
lI.),  is  also  used  as  a  urinary  bladder.  Yestiges 
of  Corpora  Malpighiana  may  even  be  detected 
in  connection  with  the  secreting  caeca.  These 
bodies  remain  as  the  permanent  urinary  organs 
of  Fishes;  but  in  the  higher  Vertebrata  they 
giye  place  to  the  true  kidneys,  the  development  of  which  commences  in  the 
Chick  at  about  the  fifth  day.  They  are  seen  on  the  sixth  as  lobulated  gray- 
ish masses  (n),  which  seem  to  sprout  from  the  outer  edges  of  the  Wolffian 
bodies,  but  which  are  really  independent  formations,  springing  from  a  mass 
of  blastema  behind  them ;  and  as  they  gradually  increase  in  size,  and  advance 
in  development,  the  Wolffian  bodies  retrograde ;  so  that  at  the  end  of  feetal 
life,  the  only  vestige  of  them  is  to  be  found  as  a  shrunk  rudiment,  situated 
(in  the  male)  near  the  testes,  which  are  originally  developed  (s,  6)  in  con- 

tigaity  with  them The  Kidneys,  in  the  Human  embryo,  soon  after  their 

first  development  in  the  manner  just  described,  consist  of  seven  or  eight 
lobes,  the  future  "  pyramids;"  their  excretory  ducts  still  terminate  in  the 
same  canal  as  that  which  receives  those  of  the  WolQian  bodies  and  of  the 
sexoal  organs ;  and  this  opens  with  the  rectum,  into  a  cloaca,  analogous  to 
that  which  remains  permanent  in  the  Oviparous  Vertebrata.  The  lobulated 
appearance  of  the  kidney  gradually  disappears,  partly  in  consequence  of  the 
condensation  of  the  areolar  tissue  which  connects  the  difierent  parts,  and 
partly  through  the  development  of  additional  tubuli  in  the  interstices. 


State  of  the  Urinary  and 
Genital  apparatus  in  the  earlj 
embr.vo  of  the  Bird: — 1,  Cor- 
pora Wolffiana ;  2,  their  excre- 
tory ducts:  3,  kidney;  4,  ure- 
ter; 5,  5,  testes. 
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Thas  we  have,  in  the  deyclopmcnt  of  the  Urinary  apparatus,  the  same  kind 
of  progress  from  the  more  general  to  the  more  special  type,  as  we  hare  seen 
in  the  Respiratory ;  and  it  is  not  a  little  curious  that  the  more  general  form 
of  both  should  be  retained  in  the  same  class,  namely,  that  of  Fishes.  There 
is  this  difference,  however,  between  the  two  cases;  that  whilst  the  branchial 
arches  of  higher  animals  are  not  ever  developed  so  far  as  to  be  instrumental 
in  the  respiratory  function,  their  Corpora  Wolffiana  appear  to  be  true  tem- 
porary kidneys,  eliminating  a  real  urinary  product  (§  424). 

423.  The  Urine  of  Man  and  of  Mammalia  generally,  is  characterized  by 
the  large  proportion  of  water  which  it  contains,  in  comparison  with  its 
solid  constituents  ;  the  latter  being  seldom  above  5  parts  in  100,  and  being 
Tery  commonly  less.  The  two,  in  fact,  bear  no  constant  relation  to  each 
other ;  for  the  amount  of  liquid  in  the  secretion  depends  mainly  on  the 
degree  of  fulness  of  the  bloodvessels ;  while  that  of  the  solid  matter  is 
governed  by  that  of  the  previous  "  waste"  of  the  tissues.  It  would  seem 
as  if  a  much  larger  quantity  of  water  is  habitually  taken  in,  than  is  needed 
in  the  system ;  in  order  to  provide  for  the  reduction  of  the  temperat^ire  of 
the  body  by  cutaneous  Exhalation,  when  it  might  otherwise  be  unduly  ele- 
vated (§  332).  But  if  the  usual  quantity  of  water  be  not  thus  drawn  off, 
in  consequence  of  the  depression  of  the  external  temperature,  or  the  sata- 
ration  of  the  atmosphere  with  dampness,  or  if  an  unduly  large  amount  have 
been  absorbed,  the  kidneys  afford  the  channel  for  its  elimination.  This 
appears  to  be  the  special  function  of  the  Malpighian  bodies  ;  whose  thin 
walled  capillaries  allow  the  transudation  of  water  to  take  place  under  a 
certain  pressure,  into  the  tubuli  uriniferi ;  and  thus  act  the  part  of  regulat- 
ing valves,  permitting  the  passage  of  whatever  is  superfluous,  while  thej 
retain  the  liquid  that  is  needed  in  the  system.  In  Birdg,  on  the  other 
hand,  it  would  seem  as  if  there  is  much  less  occasion  for  any  provision  to 
reduce  the  temperature,  which  is  habitually  kept  up  at  a  standard  higher 
than  that  of  any  other  animals ;  and  they  accordingly  drink  rerj  little,  to 
that  the  proportion  of  water  in  their  urine  is  onlv  suflScient  to  give  it  a 
semi-fluid  consistence.  The  urinary  excretion  of  Iteptiles  appears  to  be  in 
general  yet  more  solid ;  for  these  animals  usually  ingest  but  little  water, 
and  a  part  of  this  is  given  off  by  cutaneous  exhalation  when  the  exteniil 
temperature  is  high.  The  condition  of  that  of  FUhes  and  Inveriehrata 
appears  to  be  generally  the  same ;  but  from  this  statement  the  "  bombardi^ 
beetles  must  be  excepted,  which  emit  their  urine,  as  a  means  of  defence,  ii 
little  puffs  of  vapor,  having  a  very  acrid  character,  and  believed  to  contain 
nitric  acid. — The  solid  matter  of  the  urine  partly  consists  of  Organic  Com- 
pounds formed  within  the  body,  as  the  result  of  the  disintegration  of  the 
tissues,  or  of  the  decomposition  of  substances  taken  in  as  food ;  and  |Murtij 
of  Inorganic  Salts,  such  as  normally  exist  in  the  serum  of  the  blood,  their 
proportion  being  liable  to  an  increase,  however,  under  circumstances  to  be 
presently  alluded  to. 

424.  The  Organic  Corqpounds  are  not  the  same  in  all  aninuds;  but  jet 
they  are  nearly  related  to  each  other,  and  agree  in  the  very  large  propo^ 
tion  of  nitrogen  which  they  contain.  The  most  characteristic  of  theOf 
when  completely  isolated,  present  a  crystalline  form,  which  seems  to  be 
completely  incompatible  with  the  possession  of  plastic  or  organizable  pre- 

Serties,  and  marks  their  affinity  to  inorganic  substances.  In  the  Urine  rf 
Ian,  the  most  characteristic  ingredient  is  Urea,  a  neutral  substance,  iie- 
meric  with  cyanate  of  ammonia,  which  is  very  soluble  in  water,  and  maybe 
crystallized  out  in  transparent,  colorless,  four-sided  prisms.  When  pnre,  it 
has  very  little  tendency  to  decomposition  ;  but  when  associated  with  otitef 
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substances,  which  act  as  "  ferments,"  it  takes  to  itself  the  oxygen  and  hydro- 
gen of  2  equiv.  of  water,  and  resolves  itself  into  carbonate  of  ammonia ;  and 
as  this  change  occurs  in  all  urine  after  it  has  left  the  body  (the  mucus  of  the 
bladder  serving  as  the  **  ferment"),  the  carbonic  acid  and  the  ammonia  which 
have  been  decomposed  in  the  production  of  the  organic  compounds  of  Plants 
(§  120),  are  restored  to  the  Inorganic  world. — The  urine  of  Man  also  contains 
a  small  quantity  of  Uric  Acid,  a  substance  which  is  not  readily  soluble  in 
pure  water,  but  which  is  more  easily  dissolved  by  water  holding  phosphate 
of  soda  in  solution,  especially  when  warm ;  and  this  seems  to  be  its  condi- 
tion in  human  urine.  It  is  also  more  readily  dissolved  when  in  combination 
with  ammonia ;  and  in  this  condition  it  forms  a  large  part  of  the  almost 
solid  urine  of  Serpents,  which  also  contains,  however,  like  the  urine  of  Birds, 
a  large  quantity  of  undissolved  uric  acid.  When  separated  and  purified, 
nric  acid  forms  a  glistening  snow-white  powder,  apparently  amorphous,  but 
shown  by  the  microscope  to  consist  of  minute  but  regular  crystals.  It  is 
tasteless  and  inodorous ;  and  its  acid  reaction  is  very  feeble. — Uric  Acid  is 
replaced  in  the  Urine  of  Herbivorous  Mammals  by  Hippuric  Acid ;  which 
is  also  normally  present  (though  in  small  quantities)  in  the  urine  of  Man, 
especially  after  the  use  of  vegetable  food.  When  pure,  it  crystallizes  in 
long  transparent  four-sided  prisms,  and  has  a  strong  acid  reaction,  with  a 
bitterish  taste ;  it  is  much  more  soluble  in  cold  water  than  uric  acid,  and  it 
dissolves  readily  in  warm.  When  dissolved  in  a  liquid  containing  putres- 
cent albuminous  compounds,  hippuric  acid  is  converted  into  benzoic  acid, 
ammonia  being  at  the  same  time  given  off. — In  the  fluid  of  the  Allantois 
of  the  foetal  Calf  (and  probably  also  of  other  animals),  which  may  be  re- 
garded as  a  temporary  urinary  bladder,  receiving  the  product  of  the  secret- 
ing action  of  the  Corpora  Wolffiana  or  temporary  kidneys,  is  found  another 
substance,  termed  AUantoin,  which  may  be  artificially  obtained  from  uric 
acid  by  boiling  it  with  peroxide  of  lead.  This  is  a  neutral  substance, 
forming  small  but  most  brilliant  prismatic  crystals,  which  are  destitute  of 
taste,  and  moderately  soluble  in  cold  water;  when  decomposed  by  strong 
acids,  it  is  resolved  into  ammonia,  carbonic  acid,  and  carbonic  oxide  ;  and 

when  acted  on  by  alkalies,  it  is  resolved  into  ammonia  and  oxalic  acid 

Two  other  substances.  Creatine  and  Creatinine^  have  recently  been  dis- 
covered in  the  urine  of  Man  and  the  Mammalia,  which  seem  intermediate 
in  character  between  the  albuminous  compounds  and  the  characteristic 
components  of  the  urinary  excretion.  Creatine,  which  may  be  obtained 
from  the  juice  of  raw  flesh,  is  a  neutral  substance,  having  the  form  of  color- 
less, prismatic  crystals,  sparingly  soluble  in  cold  water,  but  dissolving 
readily  in  warm.  By  the  action  of  strong  acids,  creatine  is  converted  into 
ereatimne,  which  only  differs  from  it  in  composition  by  containing  two  pro- 
portionals less  of  the  elements  of  water,  but  is  a  substance  of  very  different 
chemical  relations,  having  a  strong  alkaline  reaction,  and  serving  as  a 
powerful  organic  base  to  acids.  It  pre-exists  in  the  juice  of  flesh  to  a 
small  extent;  and  is  found,  in  conjunction  with  creatine,  in  the  urine. 
When  long  boiled  with  caustic  baryta,  creatinine  is  gradually  resolved  into 
uretL — ^The  composition  of  the  substances  in  relation  to  each  other,  and  to 
that  of  Albuminous  compounds,  is  shown  in  the  following  table ;  which 
^ves  for  each  the  number  of  combining  equivalents  of  its  individual  com- 
ponents, and  the  percentage  proportion  which  the  nitrogen  bears  to  the 
whole. 
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Carbon.        Ilydrogen.      NltTOgen.        OzyKcn.  ofNftrogni. 

^•^^  {M^lifr :  :  to 

Urea 2 

Urio  Acid 5 

Hippuric  Acid  (hydrated)  18 
AIlaDtoin  (hydrated)      .      8 

Creatine 8 

Creatinine 8 

Hence  the  proportion  of  Nitrogen  in  the  components  of  Urine  ranges 
from  double  to  triple  that  which  exists  in  the  Albuminons  constituents  of 
the  Hying  fabric ;  the  only  exception  being  in  the  case  of  Hipporic  add,* 
whose  proportion  of  nitrogen  is  only  half  of  that  which  exists  in  albumen, 
whilst  its  percentage  of  Carbon  is  triple  that  which  is  contained  in  Urea. 
— Besides  the  foregoing  substances,  the  Urine  contains  others  whose  nature 
has  not  yet  been  clearly  detemiined ;  these  are  at  present  included  under 
the  general  designation  Extractive  matters^  and  appear  to  consist  in  part  of 
non-azotized  compounds  in  a  state  of  change. — ^The  Inorganic  Compounds 
which  are  found  in  the  urine,  partly  consist  of  salts  which  are  taken  in  as 
such  in  the  food ;  and  partly  of  salts  which  are  formed  in  the  economy,  the 
acids  being  furnished  by  the  oxygenation  of  bases  contained  in  the  aUmeat, 
and  an  ammoniacal  base  being  supplied  by  the  decomposition  of  the  albu- 
minous compounds.  To  the  former  class  belongs  chkride  of  sodium  (com- 
mon salt),  of  which  the  urine  always  contains  a  large  amount,  obTiously 
derived  directly  from  the  serum  of  the  blood ;  and  also  the  pkoipktMtet  of 
lime  and  magnesia^  the  proportion  of  which  in  the  urine  appears  entirely  to 
depend  upon  the  amount  ingested  in  the  food.  To  the  latter  class  belong 
the  alkaline  sulphates  and  phosphates ;  whose  acids  appear  to  be  chiefly 
formed  by  the  oxygenation  of  the  sulphur  and  phosphorus  which  are  con- 
stituents of  all  the  albuminous  compounds  used  as  food ;  while  their  alkaline 
bases,  when  not  ammoniacal,  are  supplied  by  the  potass  and  soda  that  were 
ingested  in  combination  with  citric,  tartaric,  oxalic,  and  other  organic  acids, 
these  acids  being  decomposed  in  the  system,  and  carried  off  by  the  respira- 
tory process.  Such  weakly  combined  bases  abound  in  the  food  of  Herbi- 
vorous animals,  but  they  are  for  the  most  part  wanting  in  that  of  the  purdy 
Carnivorous ;  and  the  fixed  alkalies  of  their  urine  are  replaced  in  greater 
proportion  by  ammonia. 

425.  Hence  we  may  say,  that  the  Urinary  excretion  is  specially  destined 
(1),  for  the  elimination  of  those  products  of  the  disintegration  of  the  tissues, 
and  of  the  metamorphoses  taking  place  in  the  living  body,  which  are  of  a 
highly  azotized  nature,  or  which,  being  in  the  condition  of  soluble  salts, 
readily  find  their  way  by  transudation  through  membranous  cell  walls  thst 
hold  back  the  albuminous  element  of  the  serum  of  the  blood  (§  421);  iiii 
also  obvious  (2)  that  the  kidneys  are  destined  to  remove,  in  the  same  fom, 
whatever  components  of  the  food  are  superfluous,  and  are  undergoing  ds- 

'  It  has  been  Burmised  tbat^  as  Hippuric  add  is  usually  restricted  to  the  uriM  0f 
animals  of  whose  food  non-azotized  substances  form  a  large  part,  it  must  haTe  soat 
other  source  than  the  metamorphosis  of  the  organized  tissues,  and  must  be  fonned  \if 
the  union  of  the  products  of  this  operation  with  some  of  the  farinaceous  or  otlier  snpflr- 
ilttous  components  of  the  food :  but  there  is  adequate  evidence  that  it  maj  be  foiM 
by  the  metamorphosis  of  albuminous  substances  ;  and  its  presence  may  be  aocesnted 
for  by  any  circumstance  (whether  deficient  respimtion,  or  an  excess  of  hydro-eartasr 
ceous  matters  in  the  food),  which  tends  to  prevent  the  oxidation  of  the  highly-carboniied 
products  of  the  waste  of  the  tissues.  See  the  Author's  "  Human  PhysiologT,"  5th  J«. 
£d.y  {  69. 
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composition  from  not  being  applied  to  the  purposes  of  nutrition ;  and  it  is 
further  their  oiBce  (3)  to  draw  off  any  soluble  saline  matters  taken  into  the 
system,  which  are  either  useless  or  injurious  to  it — Although  the  relations 
of  the  amount  of  the  organic  compounds  in  the  urine,  to  food,  exercise,  &c., 
have  been  as  yet  studied  almost  entirely  in  the  Human  subject,  there  can 
be  no  reasonable  doubt  that  the  same  general  rules  will  be  found  to  hold 
good  elsewhere.  The  proportion  of  urea  which  is  voided  in  a  given  time, 
is  proportional,  ceteris  paribus,  to  the  amount  of  muscular  exertion  that  has 
been  put  forth ;  showing  that  \X^  preseuce  depends  in  part  upon  disintegra- 
tion of  the  Muscular  tissue.  But  this  is  not  its  sole  source.  For  it  is 
greatly  augmented,  also,  by  an  excess  of  azotized  compounds  in-  the  food ; 
these  compounds,  as  already  shown  (§390),  not  being  applied  to  the  nutri- 
tion of  the  muscular  substance,  unless  a  demand  for  augmented  formation 
has  been  created  by  previous  functional  activity.  Thus,  the  average  pro- 
portion of  Urea  in  the  Human  urine,  under  ordinary  circumstances  as  to 
food  and  exercise,  appears  to  be  from  about  20  to  35  parts  in  1000 ;  but  it 
may  be  raised  to  45  parts  by  violent  exercise,  and  to  53  parts  by  an  exclu- 
sively animal  diet ;  whilst  it  may  fall  as  low  as  to  15  or  even  20  parts,  when 
the  diet  is  deficient  in  azotized  matter.  The  average  daily  amount  excreted 
by  adult  maleSy  is  about  430  grains;  by  sAxAi females,  about  300  grains;  in 
children  of  eight  years  old,  it  is  nearly  half  what  it  is  in  adults;  whilst  in 
very  old  persons,  llie  quantity  sinks  to  one-third  or  even  less;  showing  that 
the  proportion  is  greatly  influenced  by  the  rapidity  of  interstitial  change  at 
different  periods  of  life  (§  392).  There  can  be  no  doubt  that  creatine  and 
creatinine  have  the  same  origin  and  character,  since  they  are  actually  found 
in  the  juice  of  flesh,  as  well  as  in  the  urine. — So  the  proportion  of  the  alka- 
Une  phosphates  in  the  urine  is  found  to  bear  such  a  close  relation  to  the 
previous  energy  of  the  nervous  system,  that  there  can  be  little  doubt  that, 
ceteris  paribus,  their  amount  may  be  taken  as  a  measure  of  its  disintegration 
by  functional  activity.  It  has  been  pointed  out  that,  for  the  maintenance 
of  this  activity,  a  constant  supply  of  arterialized  blood  is  a  necessary  condi- 
tion ;  and  whilst  the  other  elements  of  the  nervous  tissue  (whose  composi- 
tion is  almost  entirely  adipose)  will  be  carried  off  by  oxygenation  in  the 
form  of  carbonic  acid  and  water,  the  phosphorus  which  largely  enters  into 
it  will  be  oxygenated,  and  taken  back  into  the  blood  in  the  form  of  phos- 
phoric acid,  uniting  there  with  alkaline  bases,  as  already  explained. — The 
proportion  of  extractive  matters  appears  chiefly  to  depend  upon  the  nature 
of  Uie  food;  being  greatly  augmented  by  an  exclusively  vegetable  regimen, 
and  greatly  diminished  by  an  exclusively  animal  diet — The  importance  of 
the  orinary  excretion  in  removing  superfluous  or  injurious  saline  compounds 
from  the  system  (the  introduction  of  which  into  it  has  taken  place  by  en- 
doamotic  action,  §  169),  is  further  shown  by  the  increase  in  the  secretion 
which  most  of  these  substances  produce ;  Hiis  increase  being  the  result  of 
an  aagmented  determination  of  blood  to  the  kidneys,  and  a  consequently 
increased  transudation  of  its  watery  portion,  carrying  these  substances  with 
it  And  further,  it  has  been  found  that  poisonous  substances  (such  as 
arseniona  acid),  whose  rate  of  elimination  through  this  channel  is  not  in 
general  sufficiently  great  to  prevent  them  from  exerting  their  injurious  effects 
upon  the  system,  may  be  carried  out  of  the  body  with  such  rapidity  as  to 
render  them  innoxious,  if  diuretics  (or  medicines  that  augment  the  urinary 
secretion)  be  given  at  the  same  time. 

426.  Cutaneous  and  Intestinal  Excretions, — ^The  exhalation  of  superfluous 
water  is  by  no  means  the  only  function  performed  by  the  Cutaneous  glan- 
dnlse  (§  331).     For  the  perspiratory  fluid  contains  a  considerable  amount 
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of  solid  matter,  the  proportion  of  which  is  sometimes  as  much  as  12^  parts 
in  1000.  The  greatest  part  of  this  consists  of  animal  matter,  which  is  appa- 
rently an  albuminous  compound  in  a  state  of  incipient  decomposition,  being 
not  improbably  composed  in  great  part  of  the  epithelium-cells  cast  out 
from  the  tubes  of  the  glandulse  ;  but  in  addition  to  this,  urea  has  been 
recently  detected  in  the  perspiratory  fluid,  in  no  inconsiderable  quantity; 
so  that  the  Skin  may  be  considered  as  supplementary  to  the  kidney  in  its 
excretory  action.  Besides  this  animal  matter,  the  perspiratoiy  fluid  also 
contains  saline  substances,  which  are  for  the  most  part  those  existing  in  the 
blood.  The  compounds  of  lactic  and  acetic  acid,  however,  seem  to  be  spe- 
cially determined  to  this  surface,  and  the  perspiration  thus  occasionally  pos- 
sesses a  very  sour  odor  and  an  acid  reaction. — Of  the  glandnlae  of  the 
mucous  surface  of  the  Alimentary  canal,  some  effect  the  elimination  of  the 
gastric  and  other  fluids  concerned  in  the  digestive  process,*  and  secrete 
mucus  for  its  protection ;  but  there  is  strong  evidence  that  the  office  of  some 
of  the  glandular  follicles,  with  which  the  lower  part  of  the  intestinal  tube 
is  thickly  set,  is  to  eliminate  from  the  blood  those  putrescent  matters,  which 
would  otherwise  accumulate  in  it  to  its  injury,  whether  as  the  resalts  of  the 
normal  waste  of  the  system,  or  as  the  products  of  the  action  of  substances 
introduced  into  it,  which  operate  as  ferments.  It  has  been  already  men- 
tioned (§  165),  that  the  peculiar  putrescent  matter  which  is  charaeteristie 
of  the  feces  J  is  not  directly  derived  from  the  decomposition  of  the  indigest- 
ible residue  of  the  food,  but  is  a  product  of  the  metamorphosis  of  the  fluids 
and  solids  of  the  body  itself;  which  seems  necessarily  to  follow  from  this 
consideration  among  others — that  fecal  matter  is  still  discharged  in  con- 
siderable quantity,  long  after  the  intestinal  tube  has  been  completely  emptied 
of  its  alimentary  contents.  It  has  been  shown  by  Prof.  Liebig,  that  a 
substance  having  the  characteristic  odor  of  feces  may  be  artificially  ob- 
tained by  the  imperfect  oxidation  of  albumen,  fibrin,  casein,  or  gelatin. 

427.  The  foregoing  are  the  Secreting  organs,  whose  function  seems  most 
directly  subservient  to  the  depuration  of  the  blood ;  but  besides  these,  a  vast 
number  of  glandular  bodies  are  met  with  in  the  different  classes  and  ofders 
of  Animals,  which  eliminate  products  tliat  have  special  uses  in  tiie  economy, 
but  are  not  in  themselves  excrement itious.  Some  of  these  bare  a  very 
extensive  diffusion  ;  others  a  more  limited  one.  Under  the  former  head 
may  be  ranked  the  secreting  organs  which  minister  to  the  Digestive  openk- 
tion ;  for  example,  the  Gastric  foUicles,  the  Salivary  glands,  and  the  Pan- 
creas, The  last  of  these  is  the  most  restricted  of  the  three;  bat  it  is 
met  with  (as  we  have  seen,  §  400)  under  a  very  simple  form,  in  the  highest 
Mollusca,  and  presents  itself  throughout  the  whole  of  the  Yertebraled 
series,  gradually  advancing  to  a  higher  type  of  structure  as  we  ascend  the 
scale.  The  Lachrymal  and  Mammary  glands,  on  the  other  hand,  are  more 
limited  in  their  distribution ;  for  the  former  are  confined  to  the  three  higher 
classes  of  Yertebrata,  and  the  latter  to  Mammalia  only.  Yarioiia  glandi 
for  eliminating  odoriferous  matters,  such  as  musk  and  castor— or  jMwjiofiMf 
substances,  as  those  connected  with  the  ''stings'' of  HymenopterouBinaeeti, 
contained  in  the  mandibles  of  Spiders,  and  placed  at  the  end  of  the  tail  of 
Scorpions — or  a,  glutinous  matter  which  hardens  into  a  thread  when  expressed 
through  a  narrow  orifice,  as  that  which  supplies  the  spinnerets  at  the  end 

I  The  glandultc  of  Brunner  strongly  resemble  the  SaliTftry  glands  and  Paneretf  ii 
miniature ;  and  as  they  are  restricted  to  the  duodenum,  it  is  probable  that  their  aecw 
tion  takes  some  share,  irith  that  of  the  liver  and  pancreas,  in  the  act  of  chyliicatioo, 
perhaps  fVimishing  the  **  succus  entericus,"  which  seems  to  be  scarcely  less  potent  tbtt 
the  biliary  and  pancreatic  fluids  themseWcs  ({  165). 
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of  the  abdomen  of  the  Spider,  and  furnishes  the  material  for  the  "cocoon" 
spun  by  the  month  of  the  larva  of  many  Insects — are  of  very  limited  di^u- 
sion ;  being  confined  to  smaller  groups,  and  even  in  some  instances  to  a 
particular  genus  or  species. — The  Skin  of  many  animals,  again,  is  abund- 
antly furnished  with  Mucous  and  Sebaceous  follicles;  whose  secreting 
action  is  obviously  rather  protective  as  regards  the  integument,  than  dcpu- 
rative  as  regards  the  blood.  The  Mucous  secretion  is  generally  fqund  in 
aquatic  animals ;  and  prevents  the  water  from  coming  into  direct  contact 
with  the  skin.  The  follicles  by  whose  cells  it  is  eliminated  from  the  blood, 
•re  usually  very  simple  in  their  character,  resembling  those  of  ordinary 
Mucous  membranes  (Fig.  170) ;  but  sometimes  they  are  more  complex, 
especially  in  Fishes.  So  the  Sebaceous  follicles  are  more  commonly  found 
in  the  skin  of  animals  which  live  on  land ;  and  the  office  of  their  secretion 
appears  to  be,  to  prevent  its  surface  from  being  dried  up  and  cracked  by 
the  action  of  the  sun  and  air.  It  is  especially  abundant  in  those  tribes 
which  are  fortned  to  inhabit  warm  climates.  The  sebaceous  glandulte  pre- 
sent a  degree  of  variety  as  to  their  complexity,  which  is  similar  to  that  which 
exists  among  the  mucous  glandules ;  some  of  them  being  simple  follicles 
lodged  in  the  substance  of  the  skin  ;  whilst  others  are  composed  of  similar 
follicles,  more  or  less  branched,  elongated,  or  convoluted ;  and  others,  again, 
seem  to  consist  of  little  else  than  clusters  of  fat-cells,  out  of  which  an  excre- 
tory duct  arises.  In  the  Mammalia,  they  very  commonly  open  into  the  hair- 
canal  ;  and  in  Birds,  into  the  socket  of  the  stem  of  the  feather.  Various 
peculiar  glands,  moreover,  whose  uses  are  but  little  known,  are  connected 
with  the  genital  apparatus.  The  Testes,  or  spermatic  glands  will  be  described 
in  a  subsequent  chapter. — In  all  these  cases,  the  general  plan  of  structure 
is  the  same;  and  the  difference  in  the  products  can  be  attributed  to  nothing 
else,  than  to  a  peculiarity  in  the  endowments  of  the  epithelial  cells  which 
are  the  real  instruments  of  the  secretion. 

428.  Metastasis  of  Secretion, — Although  the  number  and  variety  of  the 
secretions  become  greater,  in  proportion  to  the  increased  complexity  of  the 
nutritive  processes  in  the  higher  classes,  and  although  each  appears  as  if  it 
could  be  formed  by  its  own  organ  alone,  yet  we  may  observe,  even  in  the 
highest  animals,  some  traces  of  the  community  of  function  which  charac- 
terizes the  secreting  apparatus  of  the  lowest.  It  has  been  shown  that, 
although  the  products  of  secretion  are  so  diversified,  the  elementary  struc- 
ture of  all  glands  is  the  same ;  that  wherever  there  is  a  free  secreting  sur- 
face, it  may  be  regarded  as  an  extension  of  the  general  envelop  of  the  body, 
or  of  that  reflexion  of  it  which  lines  the  digestive  cavity ;  that  its  epithelium 
ia  continuous  with  the  epidermis  of  the  integument,  or  with  the  epithelium 
of  the  mucous  membrane  from  which  it  is  prolonged ;  and  that  the  peculiar 
principles  of  the  secreted  products  pre-exist  in  the  blood,  in  a  form  which 
18  at  least  closely  allied  to  that  which  they  assume  after  their  separation. 
If,  then,  the  general  law  formerly  stated  (§  110)  be  correct,  we  should  find 
that,  when  the  function  of  any  particular  gland  is  suspended,  or  when  it  is 
not  performed  with  sufficient  activity  to  separate  all  the  excretory  products 
from  the  blood,  other  secreting  organs,  or  even  the  general  surface,  should 
be  able  to  perform  it  in  some  degree.  That  this  is  actually  the  case,  patho- 
logical observation  is  continually  showing:  and  so  striking  are  the  "metas- 
tases of  secretion"  which  are  thus  exhibited,  that  it  was  even  asserted  by 
Haller  that  almost  all  secretions  may,  under  the  influence  of  disease,  be 
formed  by  each  and  every  secreting  organ.  This  statement,  however,  needs 
to  be  received  with  some  limitation ;  and  it  would  probably  be  safest  to  re- 
strict it  to  the  excretions^  whose  elements  pre-exist  in  the  blood,  and  accn- 
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mnlate  there  when  the  elimination  of  them  by  their  natnral  channel  is  sos- 
pepded.  Thus  it  seems  to  be  established  by  a  great  ma^  of  observations, 
that  Urine,  or  a  fluid  presenting  its  essential  characters,  may  pass  off  by  the 
mucous  membrane  of  the  intestinal  canal,  by  the  salivary,  lachrymal,  and 
mammary  glands,  by  the  testes,  by  the  ears,  nose,  and  umbilicus,  by  parts 
of  the  ordinary  cutaneous  surface,  and  even  by  serous  membranes,  such  as 
the  arachnoid  lining  the  ventricles  of  the  brain,  the  pleura,  and  the  perito- 
neum ;  and  such  a  metastasis  has  not  only  taken  place  in  cases  in  which  the 
normal  excretion  was  checked  or  impeded  by  disease,  but  has  been  induced 
experimentally  by  extirpating  the  kidneys,  or  by  tying  the  renal  artery. — 
So,  again,  if  the  elimination  of  the  Bih  be  checked  by  disease  of  the  liver, 
or  by  the  application  of  a  ligature  to  the  vena  ports,  or  if  its  passage  oat 
of  the  system  be  prevented  by  the  application  of  a  ligature  to  the  biliaiy 
duct,  some  (at  least)  of  its  elements  are  discharged  through  other  channels; 
the  urine,  the  pancreatic  fluid,  the  milk,  the  cutaneous  transpiration,  and 
even  the  sputa  derived  from  the  respiratory  passages,  being  more  or  less 
deeply  tinged  with  the  yellowish-brown  coloring-matter  of  bile,  and  possess- 
ing its  characteristic  taste ;  and  the  same  matters  being  also  found  in  the 
fluids  of  the  serous  cavities,  and  passing  even  into^the  solid  tissues. — ^The 
secretion  of  Milk,  also,  has  been  thus  transferred  \o  different  parts  in  the 
skin,  to  the  gastro-intcstinal  mucous  membrane,  to  the  mucoos  membrane 
lining  the  bronchial  tubes,  and  even  to  the  surface  of  an  ulcer. — ^Thns  we 
see  that  those  products  of  decomposition,  at  least,  which  accumulate  in 
the  blood  when  their  usual  exit-pipe  is  no  longer  open,  may  find  their  waj 
through  other  channels ;  a  provision  which  is  obviously  intended  to  diminish 
tlie  injurious  results  of  a  suspension  of  the  excretory  functions  (S  394),  and 
which  is  at  the  same  time  in  complete  and  beautiful  harmony  with  the  gene- 
ral principle,  that  the  specialization  of  a  function  does  not  involve  the  com- 
plete extinction  of  its  original  generality.* 


CHAPTER    X. 


EVOLUTION  OP  LIGHT,  HEAT,  AND  ELECTRICITT. 

1.   General  Considerations. 

429.  It  has  been  shown  in  the  preceding  Chapters,  that  whilst  the  exist- 
ence of  the  Vegetable  world  depends  upon  the  constant  agency  of  certiiB 
])hysical  forces  (Light  and  Heat),  by  which  the  germ  is  enabled  to  dimwii 
and  to  appropriate  the  inorganic  elements,  which  it  combines  into  orgaak 
compounds,  and  incorporates  with  itself  into  an  organized  fabric — Aat  rf 
the  Animal  kingdom  is  rather  dependent  upon  the  supply  of  food  which  it 
derives  from  the  vegetable  world,  by  means  of  which,  its  higher  forms  (it 
least)  are  rendered  comparatively  independent  of  external  agencies,  reqniriig 
no  Light  to  enable  them  to  appropriate  their  aliment,  and  being  able  to 
generate  within  themselves  the  heat  which  is  necessary  to  sustain  their  vitil 
activity.  In  the  production  of  Heat,  then,  we  have  one  of  those  cases  is 
which  Animals  restore  to  the  Physical  Universe  the  Forces  which  it  hti 

*  For  a  more  detailed  examination  of  this  interesting  topic,  see  the  Author't  artielt 
on  "Secretion,"  in  the  "Cyclopaedia  of  Anatomy  and  Physiology,"  toL  iiL 
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imparted  io  Plants  (General  Physiology)  ;  and  we  shall  find  it  to  be 
effected  by  the  very  act  of  restoring  to  the  condition  of  inorganic  matter, 
those  elements  which  the  agency  of  Light  and  Heat  npon  the  vegetable 
germ  had  enabled  it  to  withdraw.  Although  the  production  of  Heat  is 
most  considerable  and  regular  in  those  higher  animals  which  are  termed 
warm-blooded,  yet  it  takes  place  in  an  inferior  degree  probably  in  all.  It 
18  also  a  phenomenon  of  occasional  occurrence  in  Plants,  but  only  under 
the  same  conditions  as  in  Animals,  viz,  when  Organic  compounds  are  being 
partially  or  completely  restored  to  the  condition  of  Inorganic  matter ;  and 
it  would  seem  as  if  it  was  in  them  rather  a  necessary  result  of  transform- 
ations which  are  being  effected  for  other  purposes,  than  a  purpose  for  which 
sach  transformations  are  to  be  made. — The  same  may  be  said  of  the  produc- 
tion of  Jjight,  It  is  by  no  means  an  ordinary  phenomenon  in  theAnimal  king- 
dom ;  but  where  it  does  occur,  it  appears  to  have  some  special  purpose ; 
and,  although  the  processes  by  which  it  is  maintained  are  not  clearly  under- 
stood, yet  there  can  be  little  doubt  that  it  too  is  dependent  upon  a  slow  com- 
bnstion,  in  which  the  carbon  and  hydrogen  of  the  living  system  are  given 
back  to  the  atmosphere  as  carbonic  acid  and  water ;  the  oxidation  of  other 
substances,  also,  perhaps  contributing  to  the  effect.  On  the  other  hand,  its 
appearance  in  PLants  is  a  much  rarer  occurrence,  and  seems  to  be  (so  to 
speak)  accidental Of  the  generation  of  Electricity,  we  know  compara- 
tively little.  There  is  strong  evidence  that  its  production  must  be  going 
on,  in  every  action  of  Organic  as  well  as  of  Inorganic  Chemistry ;  and  that 
a  disturbance  of  electric  equilibrium  must  be  continually  taking  place  in 
each  molecule  of  the  living  Plant  and  Animal.  But  it  would  seem  as  if, 
in  general,  the  generation  of  electricity  is  simply  a  result  of  changes  which 
are  directed  to  other  ends ;  and  that,  so  far  from  any  use  being  made  of  it 
In  the  economy,  there  is  usually  a  set  of  provisions  for  the  speediest  possi- 
ble restoration  of  the  disturbed  equilibrium.  In  certain  Animals,  however, 
the  case  is  very  different ;  for  we  find  them  endowed  with  an  apparatus 
whose  special  purpose  is  obviously  the  generation  of  Electricity,  in  con- 
siderable amount  and  intensity ;  and,  although  we  may  not  be  acquainted 
with  all  the  objects  which  this  curious  organization  may  answer,  yet  some 
of  its  more  obvious  uses  can  be  clearly  made  out. 

2.  ^Evolution  of  Light. 

430.  JSvoluiion  of  Light  in  Vegetables It  has  been  asserted  that  many 

flowers,  especially  those  of  an  orange  color,  such  as  the  Trop^tolutn  tnajus 
(Nasturtium),  Calendula  officinalis  (Marigold),  Heliantlius  annuus  (Sun- 
flower), Ac,  disengage  light  in  serene  and  warm  snmmer  evenings,  some- 
times in  the  form  of  sparks,  sometimes  in  a  more  feeble  and  uniform  manner ; 
bat  many  physiologists  are  disposed  to  question  these  assertions,  from  their 
not  having  been  themselves  able  to  witness  the  phenomena.  Tliere  is  no 
donbt,  however,  that  light  is  emitted  by  many  Fiingi^  whilst  actively  vege- 
tating, and  in  some  instances  to  a  very  considerable  extent.^    The  light  is 

*  The  followiDg  is  one  of  -the  most  recent  and  authentic  instances  yet  recorded. — 
**  One  dark  nificht,  ahout  the  beginning  of  December,  'while  passing  along  the  streets  of 
the  Villa  de  NatiTidada,  I  observed  some  boys  amusing  themselves  irith  some  luminous 
object,  which  I  at  first  supposed  to  be  a  kind  of  large  fire-fly;  but  on  making  inquiry, 
I  found  it  to  he  a  beautiful  phosphorescent  Fungus,  belonging  to  the  genus  Agaricus  ; 
Mid  vras  told  that  it  grew  abundantly  in  the  neighborhood,  on  the  decaying  leaves  of  a 
dwarf-palm.  Next  day,  I  obtained  a  great  many  specimens,  and  found  them  to  vary 
from  one  to  two  and  a  half  inches  across.  The  whole  plant  gives  out  at  night  a  bright 
phosphorescent  light,  of  a  pale  greenish  hue,  similar  to  that  emitted  by  the  larger  fire- 
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perceived  in  all  parts  of  the  plant,  but  chiefly  in  the  yoang  whit«  shoots ; 
and  it  is  more  vivid  in  young:  than  in  old  plants.  The  phosphorescence  is 
stronger  in  such  as  grow  in  the  moist  and  warm  localities  of  mines,  than  in 
those  inhabiting  dry  and  cold  situations.  It  ceases  if  the  plant  be  placed 
in  vacuo,  or  in  any  atmosphere  which  does  not  contain  oxygen ;  but  reap- 
pears when  it  is  restored  to  the  air,  even  after  remaining  for  some  hours  in 
vacuo  or  in  azote.  No  phosphorescence  is  perceived  after  the  death  of  the 
plant.  Some  Al<f4B,  also,  have  been  observed  to  be  luminous  when  in  a 
growing  state. — On  the  other  hand,  luminosity  is  sometimes  observed  under 
circumstances  that  forbid  our  regarding  it  as  in  any  degree  a  vital  pheno* 
menon.  Thus  it  is  stated  by  Martins,  that  the  juice  of  the  Euphorbia 
phosphorea,  a  Brazilian  plant,  emits  light,  especially  when  heated.  An 
evolution  of  light  has  frequently  been  observed  to  take  place  from  dead  and 
decaying  wood  of  various  kinds,  particularly  that  of  roots ;  it  seems  con- 
nected with  the  conversion  of  oxygen  into  carbonic  acid,  but  it  is  not 
increased  when  the  substance  is  placed  in  pure  oxygen.  Decomposing 
Fungi,  also,  frequently  exhibit  luminosity ;  but  this  is  very  different  from 
that  displayed  by  some  of  the  same  tribe  during  their  living  state Con- 
sidering that,  in  all  the  circumstances  mentioned,  the  combination  of  carbon 
and  oxygen  is  taking  place  to  some  amount,  it  seems  difficult  to  believe 
that  there  is  not  some  connection  between  the  phenomena ;  bat  no  specula- 
tion can  yet  be  raised  on  the  subject,  with  any  prospect  of  stability,  from 
the  want  of  sufficient  facts  as  its  basis. 

431.  Evolution  of  Light  in  Animals, — A  large  proportion  of  the  lower 
classes  of  aquatic  Animals  possess  the  property  of  luminosity  in  a  greater 
or  less  degree.  The  "  phosphorescence  of  the  sea,"  which  has  been  ob- 
served in  every  zone,  but  more  remarkably  between  the  tropics,  is  due  to 
this  cause.  When  a  vessel  ploughs  the  ocean  during  the  night,  the  waves 
— especially  those  in  her  wake,  or  those  which  have  beaten  against  the  sides 

— exhibit  a  diffused  lustre,  interspersed  here 
and  there  by  stars  or  ribbons  of  more  intense 
brilliance.  The  uniform  diffused  light  is  partly 
emitted  by  innumerable  minute  Animals,  wBieh 
abound  in  the  waters  of  the  surface ;  and  these, 
if  taken  up  into  a  glass  vessel,  continue  to 
exhibit  it,  especiklly  when  the  fluid  is  agitated. 
The  most  common  source  of  the  diffvted 
luminosity,  is  a  minute  nearly  globular  ani- 
mal, provided  with  a  stalk-like  appendage, 
which  has  received  the  appellation  of  .^bcfi/iKci 
miliaris*  (Fig.  188).  To  the  naked  eye,  the 
body  presents  the  appearance  of  a  minute 
Noetiiuea  MtiiarU.  lump  of  homogcueous  jcUy ;  when  examined 

flies,  or  by  those  curious  soft-bodied  marine  animals,  the  Pymsomn.  From  this  dr- 
cumstance,  and  fh>ro  growing  on  a  palm,  it  is  called  by  the  inhabitants  *  Flor  do  Coeo.' 
The  light  given  out  by  a  few  of  these  Fungi  in  a  dark  room  was  suflBcient  to  rmA  by. 
I  was  not  aware,  at  the  time  I  discovered  this  fungus,  that  any  other  ipeeies  of  th« 
same  genus  exhibited  a  similar  phenomenon ;  such,  however,  is  the  case  in  the  Af 
oUaruu  of  De  Candolle;  and  Mr.  Drummond,  of  S'wan  River  Colony  in  Australia,  kai 
given  an  account  of  a  very  large  pbosphore.<«cent  species  occasionally  found  there.**— 
Gardner^s  "Travels  in  Brazil,"  2d  Ed.,  p.  264. 

*  The  Structure  and  Luminous  phenomena  of  this  animal  have  been  pecniiariy  veil 
studied  by  M.  de  Quatrefnges.  ("Ann.  des  Sci.  Nat."  8*  S^r.  Zool.  torn.  xiv.  pp.  &* 
et  teq.)  See  also  Dr.  Pring's  experimental  inquiries,  in  "Philosophical  Magaiiiie,'* 
Dec.  1840. 
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microscopicallj,  it  is  found  to  consist  of  a  sac  with  definite  walls,  having 
its  interior,  which  is  for  the  most  part  filled  with  fluid,  traversed  by  a  net- 
work of  a  more  consistent  gelatinous  substance,  containing  numerous  vncuola, 
the  size  and  form  of  which  are  continually  undergoing  alteration.  Altogether, 
it«  zoological  position  seems  to  be  in  the  group  of  Rhizopoda  (§  35),  though 
it  differs  from  the  ordinary  forms  of  that  group  in  several  important  particu- 
lars. The  light  may  proceed  from  the  whole  of  the  body  at  once,  or  from 
parts  of  it,  passing  in  succession  from  one  to  another ;  there  is,  therefore,  no 
special  organ  for  its  production  in  these  animals.  When  the  source  of  the 
luminosity  is  carefully  examined,  it  is  found  that  what  appears  to  the  eye  to 
be  a  uniform  glow,  is  resolvable  under  a  sufficient  magnifying  power  into  a 
multitude  of  evanescent  scintillations ;  differing  in  this  respect  from  the  steady 
lustre  of  the  luminous  Insects  (§  435).  It  does  not  appear  that  the  light 
proceeds  from  any  phosphorescent  secretion,  which  can  be  separated  from  the 
animals ;  nor  does  its  emission  seem  to  be  dependent  upon  a  combustive  pro- 
cess, for  which  the  contact  of  oxygen  is  necessary.  On  the  other  hand, 
various  physical  agents  which  tend  to  excite  contraction  of  the  tissues  of  the 
animal,  augment  for  a  time  its  luminosity.  This  is  the  case,  for  example, 
with  pressure ;  and  it  is  thus  that  the  breaking  of  the  waves  on  the  shore 
18  marked  by  lines  of  brilliant  light,  or  that  agitation  of  a  tube  containing 
NoctilucsB  swimming  in  water  causes  their  phosphorescence  to  be  developed, 
and  to  be  displayed  with  augmented  intensity  for  some  time.  It  has  been 
found  by  Dr.  Pring,  that  when  the  water  containing  Noctiluc»e  was  sub- 
jected to  a  sunple  galvanic  current,  no  very  perceptible  effect  could  be 
observed ;  but  when  an  electro-magnetic  current  was  employed,  after  a  time 
a  steady  and  continued  flow  of  light  was  given  out  from  the  whole  of  the 
water,  the  surface  of  which  appeared  as  if  spangled  with  numberless  minute 
but  persistent  points  of  light ;  the  light  ceased  after  a  quarter  of  an  hour, 
and  could  not  be  reproduced,  evidently  in  consequence  of  the  death  of  the 
animals.  With  very  dilute  sulphuric  acid,  the  contraction  is  strongly  marked, 
being  attended  with  a  rupture  (more  or  less  rapid)  of  the  filaments  uniting 
the  interior  gelatinous  mass  to  the  envelop,  and  finally  with  a  complete 
detachment  of  this  mass,  which  escapes  from  the  envelop,  leaving  it  empty. 
At  the  first  contact  of  the  dilute  acid  with  the  Noctilacce,  there  is  given 
out  a  very  brilliant  light,  which  becomes  fixed  in  one  spot ;  and  consen- 
taneously with  the  rupture  of  the  fibres  and  with  the  disorganization  of  the 
interior  mass  (which  proceed  from  their  permanent  contraction),  the  clear 
white  light  spreads  over  the  body,  until  the  whole  resembles  a  ball  of  silver. 
The  brilliancy  soon  diminishes,  however,,  and  somewhat  rapidly  disappears. 
Similar  effects  are  produced  by  other  acids,  as  well  as  by  other  irritating 
fluids.  On  the  other  hand,  agents  which  tend  immediately  to  depress 
the  vital  powers,  occasion  the  speedy  extinction  of  the  light.  Thus,  Dr. 
Prlng  found  that,  when  sulphuretted  hydrogen  was  passed  into  water  con- 
taining Noctiluae,  it  instantly  destroyed  their  luminosity,  being  at  once 
fatal  to  the  animals.  With  carbonic  acid,  the  luminous  property  of  the 
water  was  strongly  and  continuously  brought  out  for  about  fifteen  minutes, 
the  light  being  bright  enough  to  enable  the  hands  of  a  watch  to  be  seen  in 
a  dark  room ;  but  at  the  expiration  of  that  time  the  light  gradually  became 
fainter,  and  in  five  or  ten  minutes  more  it  had  totally  ceased.  A  few  drops 
of  ether  let  fall  into  the  sea-water  in  the  dark,  appeared  instantly  to  deprive 
it  of  its  luminous  property.  On  substituting  chloroform  for  ether,  in  a 
second  experiment,  a  very  bright  and  persistent  phosphorescence  was  given 
out  for  a  few  minutes,  after  which  the  water  speedily  became  dark,  the  ani- 
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mals  being  evidently  destroyed.     Some  other  Protozoa,  belonging  to  the 
class  of  Inftisoria,  are  stated  to  possess  the  attribute  of  luminosity. 

432.  In  the  class  of  ZoaphyteSj  the  phenomenon  seems  to  be  not  uncom- 
mon among  the  members  of  the  order  Hydroida ;  being  most  distinctly 
seen  when  the  animals  are  in  a  state  of  vigor,  and  are  subjected  to  some 
shock  or  irritation.  It  is  most  remarkably  exhibited,  however,  by  the 
several  species  of  the  family  Pennatuiida^  belonging  to  the  order  AsUroida ; 
but  their  phosphorescence  seems  to  be  only  displayed  under  the  influence 
of  some  mechanical  or  chemical  irritation.  It  has  been  observed  by  Prof. 
E.  Forbes,  that  when  any  portion  of  the  stem  or  branches  of  a  Pennatula 
is  touched,  the  luminosity  first  shows  itself  there,  and  then  spreads  itself, 
in  a  wave-like  manner,  towards  the  polypiferous  extremities ;  whilst,  if  any 
of  these  extremities  be  touched,  the  luminosity  does  not  spread  backwards 
from  the  point  of  contact,  but  remains  confined  to  the  part  irritated.  Whifn 
plunged  into  fresh  water,  the  Pennatula  scatters  sparks  about  in  all  direc- 
tions, and  then  ceases  to  be  luminous ;  but  when  plunged  into  spirits,  it 

does  not  do  so,  bat  remains  phos- 
Fig.  189.  phorescent  for  some  minntes,  the 

light  dying  gradually  away,  and 
vanishing  last  of  all  firom  the  upper- 
most polypes.^ — ^Of  all  Radiated  ani- 
mals, however,  the  Acalepkte  are  most 
distinguished  by  this  endowment; 
a  large  proportion  of  them  being 
more  or  less  phosphorescent,  espe- 
cially in  tropical  regions,  where  the 
most  brilliant  luminosity  is  displayed. 
The  light  is  emitted,  particularly 
round  the  tentacula,  and  firom  the 
ciliated  surfaces,  during  the  move- 
ments of  the  animal ;  and  it  seems 
to  proceed  from  a  mncus  secreted 
from  the  integument,  which  may  con- 
tinue to  exhibit  the  same  property 
for  a  time  when  removed  from  it. 
This  mucus,  which  has  a  very  acrid 
character  when  applied  to  the  human 
skin,  communicates  to  it  a  phospho- 
rescent property ;  and,  when  mixed 
with  water  or  milk,  it  renders  these 
fluids  luminous  for  some  hours,  ptr- 
ticularly  when  they  are  warmed  and  agitated.  From  this  source  it  it  pro* 
bable  that  the  diffused  phosphorescence  of  the  sea  is  partly  derived  ;  whiht 
the  brilliant  stars  and  ribbons,  with  which  the  surface  is  bespangled,  indicsta 
the  presence  of  the  living  tenants  of  the  deep. — Certain  Echinodermata, 
also,  have  exhibited  luminosity ;  but  the  phenomenon  seems  to  be  restricted 
to  the  orders  Asteriada  and  Ophiurida. 

433.  Each  class  of  the  Molluscous  series,  also,  contains  phosphorescent  ani- 
mals; but  the  phenomenon  is  especially  frequent  in  the  class  of  Tunicata,in 
which,  however,  it  appears  to  be  chiefly  or  entirely  restricted  to  the  families 
SalptdiB  and  Pyrosomidce,  which  float  freely  on  the  waters  of  the  ocetn, 
abounding  especially  in  the  warmer  seas.    Of  these,  too,  it  may  be  obserrtd 


Pelagia  noctiluca. 


*  See  Dr.  Johnston's  "British  Zoophytes,"  pp.  26-27,  160-156. 
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that  the  luminosity  is  angmcnted  by  agitation  or  by  friction.  Among  the 
Conchifera,  this  phenomenon  has  been  chiefly  witnessed  in  the  P/iolas  and 
Lithodomus.  No  marine  Gasteropod  lias  yet  been  noticed  to  possess  lumi- 
nosity; but  pliosphorescence  has  been  observed  in  a  species  of  Slug  {Phos- 
phorax  noctilucvs)  inhabiting  the  higher  mountains  of  Teneriffe.  Among 
Fteropods  the  Cleodora,  and  among  Cephalopods  the  Octopus,  have  been 
seen  to  exhibit  phosphorescence.  In  all  these,  the  general  phenomena  are 
analogous ;  the  luminous  matter  appearing  to  be  a  secretion  from  the  sur- 
face of  the  animals,  which  communicates  its  peculiar  property  to  water  or 
to  solid  substances  that  come  in  contact  with  it.  The  light  disappears  in 
vacuo,  but  reappears  in  air;  it  is  increased  by  moderate  heat,  and  by  gently 
stimulating  fluids ;  whilst  a  cold  or  boiling  temperature,  or  strong  stimu- 
lants, soon  extinguish  it.  It  continues  for  some  days  after  death,  but  ceases 
at  the  commencement  of  putrefaction. — The  same  power  has  been  attri- 
buted to  Fishes ;  but  it  is  not  improbable  that,  with  regard  to  these,  there 
has  been  a  partial  deception,  arising  from  the  excitement  given  by  their 
moTements  to  the  sources  of  phosphorescence  in  the  surrounding  water. 
Late  observations,  however,  lead  to  the  belief  that,  in  some  species  of  Fish, 
there  ia  an  inherent  luminosity :  a  species  of  Scopelus,  three  inches  long,  has 
been  seen  to  emit  a  brilliant  phosphorescent  light,  in  stars  or  spangles,  from 
various  parts  of  the  scaly  covering  of  the  body  and  head ;  and  this  con- 
tinued to  be  displayed  at  intervals  during  the  life  of  the  animal,  in  a  glass 
of  sea-water — ceasing  entirely  with  its  death. 

484.  Among  the  Articulated  classes,  the  evolution  of  light  is  by  no 
means  an  uncommon  phenomenon ;  but  in  some  of  these  it  appears  due  to 
a  different  agency  from  that  on  which  the  luminosity  of  Zoophytes  and 
Mollusks  is  dependent.  The  luminosity  which  is  observable  in  many  of  the 
marine  Annelida  is  not  a 'steady  glow,  but  a  series  of  vivid  scintillations 
(strongly  resembling  those  produced  by  an  electric  discharge  through  a 
tabe  spotted  with  tin-foil)  that  pass  along  a  considerable  number  of  seg- 
ments, lasting  for  an  instant  only,  but  capable  of  being  repeatedly  excited 
by  an  irritation  applied  to  the  body  of  the  animal.  The  peculiar  character 
of  this  emission  of  light  seems  to  remove  it  altogether  from  the  category  of 
ordinary  "  phosphorescence,"  and  leads  to  the  supposition  that  it  is  depend- 
ent upon  a  direct  conversion  of  Vital  Force  into  Light.*  A  very  similar 
kind  of  luminosity  is  observable  in  many  minute  Crustacea,  which  emit 
light  in  brilliant  jets ;  and  it  is  a  curious  fact,  mentioned  by  Prof.  E.  Forbes, 
that  the  cavity  of  Sal  pro  which  have  been  deprived  of  their  visceral  '*  nuclei" 
(Fig.  122,  A,  c),  often  contains  multitudes  of  minute  Crustacea,  which  give 
ont  such  a  succession  of  phosphorescent  flashes,  as  possibly  to  deceive  the 
observer  into  the  belief  that  it  is  the  mollusk  itself  which  is  luminous. 

435.  Among  Insects,  however,  we  find  numerous  examples  of  a  lumi- 
nosity which  is  obviously  of  a  different  character,  being  clearly  traceable 
to  a  combnstive  process ;  and  this  is  restricted  to  particular  portions  of  the 
body,-  sometimes  even  to  minute  points.  The  luminous  Insects  are  most 
numerous  among  the  order  Coleoptera  (Beetle  tribe) ;  and  are  nearly  re- 

>  This  Wftfl  the  conclusion  at  which  the  Author  had  arrived  ftrom  his  own  obscrrntions 
upon  the  luminosity  of  the  Annelida,  made  at  Tenby  in  the  year  1848.  About  the  same 
time,  M.  de  Quairefages  arrived  at  similar  conclusione  from  his  obecrvations  on  the  An- 
nelida of  La  Manche.  See  his  Memoirs  in  the  <<  Ann.  dea  Set  Nat"  2«  S^r.  Zool.,  torn, 
xix.,  and  3«  S^r.  torn.  xiT.— See  also  the  Author's  *•  Prinelplefl  of  General  Physiology/' 
5th  Am.  Ed„  and  his  Memoir  on  the  *' Mutual  Relations  of  the  Vital  and  Physical 
Forces"  in  "Philos.  Transact,"  1850. 
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stricted  to  two  families,  the  ElatericUe,  and  the  LampyriddB,^  The  former 
coDtains  about  30  Inminous  species,  which  are  all  natives  of  the  warmer 
parts  of  the  New  World.  The  light  of  these  '*  Fire-flies"  proceeds  from 
two  minute  but  brilliant  points,  which  are  situated  one  on  each  side  of  the 
front  of  the  thorax;  and  there  is  another  beneath  the  hinder  part  of  the 
thorax,  which  is  only  seen  during  flight.  The  light  proceeding  from  these 
points  is  sufficiently  intense  to  allow  small  print  ^to  be  read  in  the  pro- 
foundcst  darkness,  if  the  insect  be  held  in  the  fingers  and  moved  along  the 
lines.  In  all  the  luminous  insects  of  this  family,  the  two  sexes  are  equally 
])hosphorescent — The  family  Lampyridce  contains  about  200  species  known 
to  be  luminous,  the  greater  part  of  which  are  natives  of  America,  whilst 
others  are  widely  diffused  through  the  Old  World.  These  are  known  as 
''Glow-worms"  (Lampyns  noctiluca  and  Lam,  spiendidula) i  their  light 
issues  from  the  under  surface  of  the  three  last  abdominal  rings;  it  is  most 
1)rilliant  in  the  female,  and  exists  in  a  feeble  degree  in  the  egg,  larva,  and 
chrysalis.  The  luminous  matter  consists  of  little  grannies,  and  is  contained 
in  minute  sacs,  covered  with  a  transparent  homy  Ud.  These  sacs  are  mostly 
composed  of  a  close  network  of  finely  divided  trachess ;  which  also  ramify 
through  every  part  of  the  granular  substance.  The  lid  exhibits  a  namber 
of  flattened  snrfiices,  so  contrived  as  to  diffuse  the  light  in  the  moat  advan- 
tageous manner.  The  phosphorescence  appears  to  be  occasioned  by  the 
slow  combustion  of  a  peculiar  organic  compound,  the  production  of  which 
is  dependent  for  its  continuance  upon  the  life  and  health  of  the  animal;  the 
activity  of  this  combustion  is  stimulated  by  anything  which  excites  the  vital 
functions  of  the  individual,  and  it  is  particularly  influenced  by  the  energy 
of  the  respiratory  process.  If  the  opening  of  the  trachea  which  supplies 
the  luminous  sac,  be  closed,  so  as  to  check  the  access  of  air  to  its  contents, 
the  light  ceases ;  but  if  the  sac  be  lifted  from  its  place,  without  injuring  the 
trachea,  the  light  is  not  interrupted.  In  all  active  movements  of  the  hodj, 
in  which  the  respiration  is  energetic,  the  light  is  proportionably  increased 
in  brilliancy.  If  the  luminous  segments  be  separated  from  the  rest  of  the 
body,  they  continue  phosphorescent  for  some  time ;  and  if  they  be  crashed 
between  the  fingers,  long  streaks  of  light  are  perceived  to  issne  from  the 
yellowish  matter  which  they  contain.  By  careful  experiments  npon  the 
luminous  product  thus  separated  from  the  body.  Prof.  Matteucci  has  beei 
able  to  prove  that  the  emission  of  light  is  dependent  upon  a  combnstiTe 
))rocess,  in  which  carbonic  acid  is  rapidly  generated  at  the  expense  of  the 
surrounding  oxygen ;  and  he  has  also  ascertained  by  analysis,  that  the  lomi* 
nous  matter  does  not  contain  any  appreciable  quantity  of  phosphoms.*— 
Phosphorescence  is  a  rare  phenomenon  among  aerial  animals  of  the  higher 
classes.  An  emission  of  light  has  been  seen  from  the  egg  of  the  gray 
lizard ;  and  it  has  been  stated  that  a  species  of  Frog  or  Toad  inhabitiDg 
Surinam  is  luminous,  especially  in  the  interior  of  its  mouth.  (See  §  487.) 
436.  Of  the  particular  objects  of  this  provision  in  the  animal  economy, 
little  is  known,  and  much  has  been  conjectured.     It  is  generally  imagined, 

'  Of  the  reputed  luminous  power  of  the  Fulgora — a  very  remarkable  genua  of  tke 
onler  Homopiera^  of  which  one  species  inbAbits  Guiana,  whilst  another  is  a  native  of 
China — there  is,  to  say  the  least,  very  considerable  doubt  The  authority  on  wUeh  it 
has  been  asserted  (that  of  Madame  Merian),  is  a  very  questionable  one;  and  natanl- 
ists  who  have  themselves  carefully  observed  these  insects,  have  seen  no  traces  (tf  it 
There  may,  however,  be  some  ground  for  the  statement ;  particularly  if,  as  has  bata 
suggested,  the  luminosity  be  exhibited  by  one  sex  only,  and  during  only  a  portion  of  tki 
year. 

*  "Lectures  on  the  Physical  Phenomena  of  Living  Beings,"  p.  181,  Am.  Ed, 
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that  it  is  destined  to  enable  the  sexes  of  the  nocturnal  animals  (especially 
Insects)  to  seek  each  other  for  the  perpetuation  of  the  race ;  and  this  hypo- 
thesis would  seem  to  derive  support  from  the  fact  that  the  light  is  gene- 
rally most  brilliant  at  the  season  of  the  exercise  of  the  reproductive  func- 
tion, and  at  that  period  exists  in  some  species  (such  ad  the  Earth-worm) 
which  do  not  manifest  it  at  any  other?  Moreover,  it  is  well  known  that  the 
male  Olow-worm,  which  ranges  the  air  (whilst  the  female  being  dcstitut<3  of 
wings,  is  confined  to  the  earth),  is  attracted  by  any  luminous  object ;  so  that 
the  poetical  language  of  Dumeril,  who  regards  the  phosphorescence  of  the 
female  as  "the  lamp  of  love — ^the  pharos — the  telegraph  of  the  night,  which 
scintillates  and  marks  in  the  silence  of  darkness  the  spot  appointed  for  the 
lovers'  rendezvous,"  would  not  seem  so  incorrect  as  the  ideas  of  Poets  on 
subjects  of  Natural  History  usually  are.  It  may  be  objected  on  the  other 
hand,  that  there  are  many  moths  and  beetles,  which  have  a  similar  tendency 
to  fly  towards  the  light,  and  among  which  no  phosphorescence  is  exhibited. 
Some  of  these,  however,  are  faintly  luminous ;  and  it  would  not  seem  im- 
probable that  the  Insects  which  are  attracted  by  flame,  and  thus  show  that 
they  are  seeking  for  objects  which  emit  light,  may  be  cognizant  of  more 
feeble  degrees  of  its  emission,  than  our  eyes  can  appreciate.'  Still,  it  must 
be  remembered  that  certain  animals  (as  Zoophytes)  are  phosphorescent, 
which  have  no  occasion  to  seek  each  other  with  this  object ;  and  it  does  not 
seem  impossible  that  the  property  may  be  conferred  upon  them  (like  the 
stinging  power  possessed  by  some)  as  a  means  of  self-defence,  in  the  defici- 
ency of  active  powers  of  locomotion,  or  of  dense  external  covering.  It 
may  serve,  too,  for  the  illumination  (however  faintly)  of  those  depths  of  the 
ocean,  which  are  known  to  be  tenanted  by  Fishes  and  other  marine  tribes, 
bat  which  receive  no  appreciable  portion  of  solar  light. 

437.  An  evolution  of  Light  during  the  incipient  decay  of  dead  animal 
niatter,  is  by  no  means  of  uncommon  occurrence.  It  has  been  most  fre- 
quently observed  to  proceed  from  the  bodies  of  Fishes,  Mollusca,  Mcdnste, 
and  other  marine  tribes ;  but  it  has  been  seen  also  to  be  evolved  from  the 
surface  of  terrestrial  animals,  and  even  of  Man.  This  phosphorescence 
ceases  immediately  on  the  commencement  of  fetid  putrefaction;  and  it 
wonld  appear  to  proceed  from  the  formation  of  luminous  matter  during  an 
eany  stage  of  decomposition,  by  some  of  those  primary  changes  in  the 
combination  of  the  organic  elements,  which  immediately  succeed  dissolu- 
tion, or  which  may  even  precede  it  for  a  brief  period.  Such  would  seem 
to  have  been  the  case  in  certain  well-authenticated  instances  of  the  evolution 
of  light  in  the  living  Human  subject."    In  most  of  these  cases,  the  indi- 

*  It  has  been  objected  thnt,  as  the  male  is  somewhat  luminous,  and  also  the  lan'a 
and  pupa,  the  meeting  of  the  sexes  can  scarcely  be  the  object  of  the  proviMon.  But 
this  difficulty  is  easily  surmounted.  Mr.  Kirby  justly  remarks  that  <'ns  the  light  pro- 
ceeds from  a  peculiarly-organized  substance,  'which  probably  must  be  in  part  elaborated 
in  the  larva  and  pupa  states,  there  seems  nothing  inconsistent  in  the  fact  of  tame  light 
being  then  emitted,  with  the  supposition  of  its  being  destined  solely  for  use  in  the  per- 
ftei  state.  And  the  circumstance  of  the  male  having  the  same  luminous  property,  no 
more  proTes  that  the  superior  brilliancy  of  tlie  female  is  not  intended  for  conducting  liim 
to  her,  than  the  existence  of  nipples  and  sometimes  of  milk  in  man  proves  that  the 
breast  of  woman  is  not  meant  for  the  support  of  her  offspring/'  The  luminosity  of  the 
Insect  in  all  these  states  may  have  the  more  remote  purpose,  also,  of  making  its  pres- 
ence known  to  the  noctunuil  birds,  &c.  which  are  destined,  in  the  economy  of  nature. 
to  feed  upon  it.  The  larva  of  the  Lampyris  occidentalis  has  been  observed,  when  alarmed, 
to  feign  death  and  extinguish  its  light. 

*  **  An  account  of  several  cases  of  the  Evolution  of  Light  in  the  Living  Human  Sub- 
ject;" by  Sir  Henry  Marsh,  M.  D.,  M.R.L A.,  &c. 
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viduals  exhibiting  the  luminosity  had  suffered  from  some  wasting  disease, 
and  were  near  death.  One  instance  is  recorded,  in  which  a  large  cancerous 
sore  of  the  breast  emitted  light  enough  to  enable  the  hands  of  a  watch-dial 
to  be  distinctly  seen,  when  it  was  held  within  a  few  inches  of  the  ulcer; 
here,  too,  decomposition  was  obviously  going  on,  and  the  phosphorescent 
matter  produced  by  it  was  exposed  to  the  oxygenating  action  of  the  atmo- 
sphere.* 

3.  Evolution  of  Heat 

438.  As  it  is  a  part  of  the  peculiar  character  of  living  organized  beings 
that  their  vital  activity  can  only  be  sustained  under  the  constant  influence  of 
Heat,  it  is  obvious  that  those  only  can  be  rendered  independent  of  variations 
in  the  temperature  of  the  surrounding  medium,  so  as  to  maintain  that  which 
is  most  favorable  to  the  performance  of  their  various  actions,  which  have 
the  power  of  generating  Heat,  when  it  is  not  sufficiently  imparted  to  them 
from  external  sources,  and  of  resisting  its  influence  when  it  is  excessive. 
Having  already  considered  the  means  by  which  the  temperature  of  the  living 
body  is  kept  down  to  its  proper  standard  (Chap.  VII.),  we  have  now  to 
inquire  into  the  sources  of  that  generation  of  Heat,  within  the  living  body, 
which  keeps  up  its  temperature  in  ''  warm-blooded"  animals  to  a  certain 
fixed  point,  and  which  assistsMn  enabling  even  the  "cold-blooded"  to  resist 
the  effects  of  extreme  depression  of  the  external  temperature. — It  is  well 
known  that  almost  all  Chemical  changes  are  attended  with  some  distarbance 
in  the  temperature  of  the  agents  concerned ;  and  it  might  not  unreasonably 
be  surmised  that,  of  those  which  are  so  constantly  occurring  in  the  living 
system,  some  may  be  connected  with  the  disengagement  of  the  Heat  pecu- 
liar to  it.  Much  uncertainty  still  prevails  on  this  subject ;  but  there  can  be 
little  doubt  that  a  large  proportion  of  the  caloric  liberated  by  organized 
beings,  is  generated  by  the  combination  of  atmospheric  oxygen  with  the 
carbon  and  hydrogen  furnished  by  them,  to  form  the  carbonic  acid  and  water 
which  they  are  constantly  excreting ;  since  we  find  these  two  changes  every- 
where bearing  a  close  relation  with  each  other.  Several  other  changes  of 
composition  are  going  on,  however,  in  the  living  body,  to  which  a  part  of 
the  effect  must  be  attributed ;  and  there  are  some  residual  phenomena  which 
seem  to  indicate  that  Heat  may  occasionally  be  a  direct  product  of  the  me- 
tamorphosis of  the  Nervous  Force  (§  453). 

439.  Evolution  of  Heat  in  Vegetables. — Much  dispute  has  occurred,  at 
different  periods,  as  to  whether  f  lants  could  be  considered  as  having  Vkpro- 
per  heat  or  not ;  and  this  has  resulted  from  the  limited  view  which  has  been 
taken  of  the  processes  of  the  Vegetable  economy.    Although  the  excretion 

'  Such  facts  Appcnr  to  give  support  to  the  idea,  thfx.i  ^  prettrnatural  combustibility  xdmj 
sometimes  exist  in  the  body,  owing  to  the  retention  of  phosphorus-compoonds,  which 
should  normally  be  excreted  from  it  by  the  urine  after  undergoing  oxidation.  It  has 
been  observed  that  the  breath  of  drunkards  has  sometimes  exhibit^  laminosity,  asifit 
contained  the  vapor  of  phosphorus  or  of  some  of  its  compounds ;  and  it  has  bccn'foond  hr 
experiments  upon  dogs,  that  if  phosphorus  be  mixed  with  oil  and  injected  into  the  blond- 
vessels,  it  escapes  unburncd  from  the  lungs.  ("Casper's  Wochenschrift,"  18W,  So. 
15.) — The  Author  has  seen  the  narration  of  a  case,  drawn  up  by  the  subject  of  it  (a 
highly  respectable  Clergyman),  in  which  a  troublesome  sore,  occasioned  by  the  cm- 
bustion  of  phosphorus  on  the  hand,  twice  at  distant  intervals  emitted  a  flame  which 
burned  the  surrounding  parts.  It  was  particularly  stated  that  ignition  could  not  htve 
been  effected  by  any  neighboring  flame,  and  that  the  combustion  could  not  be  doe  to 
any  particles  of  phosphorus  remaining  in  the  wound ;  and  it  does  not  seem  iniprobiblc 
that,  in  the  peculiar  condition  of  the  sore,  an  unusual  amount  of  phosphomn-coB' 
pounds  had  been  deposited  in  it.  so  as  even  to  become  spontaneously  inflammable  oa 
the  contact  of  oxygen. 


&f  Carbonie  acid  is  conatuntly  going  on,  under  the  conditians  formerlj  de- 
cribed  (§  ^70),  it  usiiallj  takes  place  so  ilowly,  and  from  a  Bnrfaee  so  openly 
to  the  atmosphere,  that  it  coold  scarcely  be  expected  that  there 
Should  be  any  eensfble  elevation  of  the  temperature  of  the  part  from  this 
source — especially  when  it  is  considered  that  a  constant  loss  of  heat  is  taking 
place  by  evaporation ;  and  as  there  is  bo  provision  for  the  conveyance  of 
caloric,  set  free  in  one  part,  to  distant  portions  of  the  system,  a  general 
aaintenanee  of  vital  wamith  would  be  stiU  Jess  anticipated.  In  plants  of 
aall  or  moderate  size,  accordingly,  the  temperature  is  found  to  vary  with 
bat  of  the  atmosphere  j  bat  the  interior  of  Jarg^e  trunks  seems  to  maintain 
^  more  uniform  degree,  being  colder  than  the  atmosphere  in  summer,  and 
rarmer  in  winter.  This  fact  may  be  accounted  for  on  two  different  grounds. 
The  slow  condnctiog  power  of  the  wood,  which  is  much  legs  tmnsverscly  to 
lie  direction  of  Us  fibre  than  witli  it,'  would  prevent  the  iuterior  of  a  large 
runk  from  being  rapidly  affected  by  changes  in  the  heat  of  the  external  air; 
ad,  accordingly,  it  is  found  that  the  larger  tho  trunk  on  which  the  ol>- 
ervation  is  made,  the  greater  is  the  difference.  Again,  sojue  motion  of  the 
ip  takes  place  even  in  winter;  and  as  the  earth,  at  a  few  feet  below  the 
arface,  preserves  a  very  uniform  temperature,  it  is  not  improbable  that  the 
ans mission  of  fluid  dcrircd  from  it  through  the  stem,  may  have  an  influence 
Hn  lite  state  of  the  latter ;  a  supposition  which  is  countenanced  by  the  fact 
liat  the  temperature  of  the  interior  of  a  large  trunk,  and  that  of  the  soil 
&nr  feet  below  the  surface  (which  may  be  regarded  as  the  medium  depth  of 
Oots),  bear  a  very  close  correspondence.  It  is  reasonable  to  supi>ose  that 
both  these  causes  may  be  in  operation,— By  experiments,  however,  made 
ith  instrumDnts  of  great  susceptibility  to  changes  of  temperature,  Dutrochet 
gcertained  that  plants  do  possess  some  power  of  generating  heat,  in  the  parts 
tn  which  the  most  active  changes  are  taking  place.  In  order  to  obtain  un- 
cjiceplionable  evidence  to  this  effect,  it  was  necessary  to  exclude  the  influence 
of  evaporation  in  depressing  the  temperature.  This  was  elFceted  by  making 
the  comparison,  not  between  the  temperature  of  the  plant  and  that  of  i\iQ 
surrounding  air,  but  between  similar  parts  in  a  living  plant,  and  in  one  re- 
cently killed  by  immersion  in  hot  water,  which  would  be  (after  cjDoliag) 
equally  susceptible  with  the  former  of  the  diminution  of  temperature  which 
evaporation  causes.  In  some  instances,  this  source  of  error  was  still  further 
guarded  against,  by  the  immersion  of  both  plants  in  an  atmosphere  satu^ 
rated  with  aqueous  vapour.  The  temperature  of  the  leaves  and  young  shoots 
was  ascertained  in  preference  to  that  of  the  stem ;  both  in  order  to  avoid 
the  source  of  fallacy  already  mentioned,  and  because  in  them  the  greatest 
proper  heat  might  be  expected.  With  these  precautions,  the  result  wttB 
constantly  the  same.  An  elevation  of  temperature,  sometimes  to  the  amount 
of  nearly  a  degree  (Fahr.),  was  observed  in  the  herbaceous  parts  of  actively- 
growing  plants;  diO'ering  with  the  species,  the  energy  of  vegetation,  and 
the  time  of  the  day.  The  highest  temperature  is  observed  about  noon ;  it 
increases  previouslyt  and  afterwards  diminishes.  This  diurnal  change  is 
partly  influenced  by  that  of  the  Light  to  which  the  plant  is  exposed,^ 
440,  It  is,  however,  when  the  processes  of  vegetation  give  rise  to  an 
Eiraordlnary  liberation  of  Carbonic  acid  {§  274),  that  the  evolution  of 
&at  becomes  manifest.  This  is  the  case  during  Germination,  when  the 
levation  of  temperature,  scarcely  manifested  by  a  single  seed,  becomes 
rident  if  a  number  arc  brought  together,  as  in  the  process  of  malting,  in 
liieh  the  thermometer  has  been  seen  to  rise  to  110^.     The  same  may  be 


»  See  Dr,  Tyndnll,  in  ^*  Pliilos,  Transact.,"  I65a»  p.  220* 
*  »♦  Atrnaks  Jes  Scl.  Knt./'  2is  S^r.,  Botan.,  torn,  zii. 
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said  of  the  other  period  of  vegetable  growth,  in  which  the  function  of 
respiration  is  carried  on  to  a  remarkable  extent;  that  of  Flowering.  From 
the  large  surface  exposed,  it  is  evident  that,  in  by  far  the  gpreater  number 
of  instances,  the  heat  will  be  carried  ofif  by  the  atmosphere  the  instant  it  is 
developed;  nevertheless  the  flowers  of  a  Cistns  showed  a  temperature  of 
79^  whilst  the  air  was  at  76^,  and  those  of  a  Geranium  87°  when  the  air 
was  at  81°.  It  is  in  plants  of  the  Arum  tribe,  however,  where  flowers  are 
collected  in  great  numbers  within  cases  whicl^  act  as  non-conductors,  that 
the  elevation  of  temperature  becomes  most  appreciable ;  and  it  be^rs  a 
definite  relation  with  the  quantity  of  oxygen  converted  into  carbonic  acid. 
Thus  a  thermometer  placed  in  the  centre  of  five  spadixes  of  the  Arum  Cor- 
difdium  has  been  seen  to  rise  to  111°,  and  in  the  centre  of  twelve  to  121^, 
while  the  temperature  of  the  external  air  was  only  66°;  but  the  production 
of  heat  was  wholly  checked  by  preventing  the  spadix  from  coming  in  con- 
tact with  the  air. — ^The  truth  of  statements  of  this  sort,  which  has  been 
questioned  by  many  physiologists,  has  been  placed  beyond  all  doubt  by 
the  observations  of  M.  Ad.  Brongniart.  He  found  that,  at  the  first  open- 
ing of  the  spathe  of  Colocasia  odora,  the  temperature  of  the  spadix  was 
8*1°  above  that  of  the  surrounding  air;  that  this  increased  during  the  next 
day  to  18°;  and,  during  the  emission  of  the  pollen  on  the  three  succeeding 
days  to  20°;  after  which  it  began  to  diminisli  with  the  fading  of  the  flower. 
More  recently,  these  observations  have  been  confirmed  by  MM.  Vrolik  and 
Yriese,  who  have  added  to  them  some  important  facts.  The  rise  of  the 
temperature  was  found  to  be  more  rapid  and  considerable,  in  a  spadix 
placed  in  oxygen,  than  in  one  at  a  corresponding  stage  surrounded  by 
common  air ;  and  a  larger  proportion  of  carbonic  acid  gas  was  evolved. 
On  the  other  hand,  when  a  spadix,  of  which  the  flowers  had  already  began 
to  expand,  and  the  temperature  to  rise,  was  placed  in  nitrogen,  the  tem- 
perature sank,  and  exhibited  no  elevation  during  the  emission  of  the  pol- 
len; nor  was  any  carbonic  acid  evolved.*  The  correspondence  between 
the  evolution  of  heat  and  the  consumption  of  oxygen  is  made  yet  more 
clear  by  the  observations  of  M.  Garreau,'  who  has  noted  the  temperature 
of  these  spadixes,  hour  by  hour,  during  the  "paroxysm"  of  flowering,  and 
the  quantity  of  oxygen  consumed  during  the  same  periods,  witli  the  follow- 
ing result ; — ^the  amount  of  heat  developed  being  expressed  by  the  number 
of  degrees  (Cent.)  shown  by  the  thermometer  above  the  temperature  of  the 
surrounding  air,  and  the  quantity  of  oxygen  consumed  being  stated  in  mul- 
tiples of  the  volume  of  each  spadix : — 
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441.  Evolution  of  Heat  in  Animals, — Although  wc  find  many  instances 
in  the  Animal  kingdom,  in  which  the  capability  of  maintaining  an  elevated 
and  uniform  temperature  is  exhibited  in  a  degree  to  whicli  nothing  com- 
parable exists  in  plants,  yet  this  is  by  no  means  a  constant  function  of 
animal,  any  more  than  of  vegetable  organisms.  Among  the  lower  tribes 
of  Animals,  in  which  the  power  of  locomotion  is  but  feeble,  and  the  supply 
of  the  wantti  of  the  system  not  immediately  dependent  upon  it,  very  little 
more  heat  is  generated  than  in  Plants.  But  wherever  a  high  degree  of 
muscular  energy  is  required,  in  connection  with  a  general  activity  of  the 
functions  of  the  nervous  system,  the  evolution  of  caloric  to  a  remarkable 
extent  is  provided  for  in  the  nutritive  processes.  We  may  regard  it,  there- 
fore, as  in  its  decree  essentially  connected  with  the  development  of  the 
Animal  powers  relatively  to  the  system  of  Organic  life;  although  really 
dependent,  as  it  would  appear,  upon  the  changes  occurring  in  the  latter. — 
It  is  worthy  of  notice  that,  although  the  temperature  of  the  various  parts 
of  the  Animal  body  is  usually  much  more  uniform  than  that  of  the  different 
organs  in  Vegetables  (owing  to  the  comparative  rapidity  Avith  which  the 
general  circulation  of  the  former  diffuses  the  heat  evolved  in  any  one  part, 
and  thus  tends  to  equalize  the  whole),  wherever  processes  are  going  on 
which  call  the  nutritive  functions  into  extraordinary  activity,  there  a  corre- 
sponding elevation  of  temperature  occurs.  Thus,  a  slightly  increased  evo- 
lution of  heat  from  the  Stomach  has  been  observed,  during  that  determina- 
tion of  blood  to  its  capillaries,  which  takes  place  during  digestion ;  the 
same  is  observable  in  the  Generative  organs  of  many  animals,  in  which  the 
aptitude  for  the  function  is  periodic  only ;  and  the  temperature  of  a  Muscle 
(q8  ascertained  by  MM.  Becquerel  and  Breschet)  rises  a  degree  or  more 
daring  its  contraction. 

442.  Our  knowledge  of  the  heat  evolved  by  the  lower  Invertebrata  is 
very  limited.  The  Infusoria  have  been  observed  to  possess  a  certain  de- 
gree of  power  of  resisting  cold.  When  the  water  containing  them  Ls  frozen, 
they  are  not  at  once  destroyed ;  but  each  lives  for  a  time  in  a  small  uncon- 
gealed  space,  where  the  fluid  seems  to  be  kept  from  freezing  by  the  caloric 
liberated  from  the  animalcule.  What  is  known  in  regard  to  other  classes, 
is  principally  derived  from  the  experiments  of  John  Hunter.  He  found  that 
a  thermometer,  introduced  in  the  midst  of  several  Earthworms,  stood  at 
58i°,  when  the  temperature  of  the  external  air  was  57° ;  and  in  another 
instance,  when  the  atmosphere  was  at  65^^,  the  worms  were  at  5t^.  The 
amount  of  heat  manifested  by  Leeches  appeared  to  be  nearly  the  same,  viz. 
from  one  to  two  degrees  above  that  of  the  atmosphere.  Of  the  Mollusca, 
nearly  the  same  may  be  said.  Hunter  found  that  the  black  slug  (Limax 
ater)  exhibited  a  temperature  of  55J*^,  when  that  of  the  atmosphere  was 
64*^;  and  the  garden  snail  {Helix  pomatia)  has  been  observed  by  others  to 
evolve  about  the  same  amount  of  heat.  Further  experiments,  however, 
are  desirable,  for  the  purpose  of  ascertaining  whether  the  power  of  gene- 
rating caloric  varies  in  such  animals  vrith  different  degrees  of  external 
temperature ;  or  whether  the  heat  of  their  bodies  always  bears  the  same 
close  relation  with  that  of  the  medium  in  which  they  exist.  The  experi- 
ments of  Hunter  furnish  the  only  information  on  this  subject  which  we 
possess.  He  put  several  Leeches  into  a  bottle  which  was  immersed  in  n 
ueezlng  mixture,  and  the  ball  of  the  thermometer  being  placed  in  the  midst 
of  them,  the  quicksilver  sunk  to  31° ;  by  continuing  the  immersion  for  a 
sufficient  length  of  time  to  destroy  life,  the  quicksilver  rose  to  32°,  and 
then  the  leeches  froze.  A  similar  result  was  obtained  li^-ith  a  Snail.  It 
would  appear,  therefore,  that  these  animals  have  the  power  of  resisting, /or 
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a  time,  the  physical  efifects  of  cold ;  but  how  far  this  resistance  is  doe  to 
the  power  of  generating  heat,  or  to  the  causes  arising  from  their  stmctare 
(as  in  Vegetables,  §  439),  cannot  be  determined  without  further  inquiries. 
The  simple  maintenance  of  a  temperature  equal  to  that  of  the  atmosphere, 
by  an  animal  whose  body  has  a  soft  surface  exposed  to  the  air,  implies  a 
certain  degree  of  power  of  generating  caloric ;  since  that  surface  (as  in 
plants)  is  constantly  being  cooled  by  the  evaporation  of  its  moisture. 

443.  In  many  Vertebrated  animals,  the  heat  of  the  body  is  almost  equally 
dependent  upon  that  of  the  surrounding  medium.  Thus  IHshes  in  general 
do  not  seem  capable  of  maintaining  a  temperature  more  than  two  or  three 
degrees  higher  than  that  of  the  water  in  which  they  live.  There  are,  how- 
ever, some  remarkable  exceptions;  for  Dr.  J.  Davy  found  that  certain 
marine  fishes,  as  the  Bonito  and  Thunny,  whose  gills  are  supplied  with 
nerves  of  unusual  magnitude,  and  which  have  also  a  very  powerful  heart, 
and  a  quantity  of  red  blood  sufficient  to  give  the  muscles  a  dark  red  color, 
maintain  a  temperature  much  higher  than  that  of  the  white  fishes  of  iresh 
water  on  which  Hunter  experimented.  Thus,  Dr.  D.  observed  in  the  bonito 
a  temperature  of  99^,  whilst  that  of  the  sea  was  but  80^.  Although  the 
conditions  of  existence  in  Vertebrata,  in  which  the  animal  powers  are  de- 
veloped to  their  greatest  extent,  might  have  seemed  to  require  a  greater 
power  of  generating  heat  than  Fishes  usually  possess,  it  is  to  be  remembered 
tliat  this  class  is  less  liable  than  those  which  inhabit  the  air,  to  suffer  from 
alternations  of  temperature  connected  with  the  seasons.  In  climates  sub- 
ject to  great  atmospheric  changes,  the  heat  of  the  sea  is  comparatively  uni- 
form through  the  year,  and  that  of  deep  lakes  and  rivers  is  but  little  altered. 
Many  have  the  power  of  migrating  from  situations  where  they  might  other- 
wise suffer  from  cold,  into  deep  waters ;  and  it  is  an  unquestionable  fact, 
that  the  species  which  are  confined  to  shallow  lakes  and  ponds,  and  which 
are  thus  liable  to  be  frozen  during  the  winter,  are  frequently  endowed  with 
tenacity  of  life,  sufficiently  to  enable  them  to  recover  after  a  process  which 
is  fatal  to  animals  much  lower  in  the  scale.  Fishes  are  occasionally  found 
imbedded  in  the  ice  of  Arctic  Seas ;  and  some  of  these  have  been  known  to 
revive  when  thawed. 

444.  In  Reptiles,  the  power  of  generating  caloric  is  somewhat  greater. 
In  all  cases,  however,  the  temperature  of  their  bodies  is  greatly  dependent 
upon  that  of  the  medium  which  they  inhabit ;  but  in  proportion  to  the 
depression  of  the  latter,  do  they  seem  endowed  with  the  power  of  maintain- 
ing their  own  above  it.  Thus,  when  the  air  was  at  68°,  a  Proteus  mani- 
fested the  same  degree  of  heat ;  but  when  the  air  was  lowered  to  65^,  the 
temperature  of  the  animal  was  65^.  In  the  same  manner,  it  appeared  that 
the  edible  frog  {Rana  escnlenta)  possessed  a  temperature  of  ^2J^,  when 
examined  in  an  atmosphere  of  68^ ;  and  that  in  ice  of  21°,  the  animal 
maintained  a  heat  of  37^^.  The  Gliehnia  do  not  seem  endowed  with  the 
power  of  evolving  heat,  to  the  same  degree  with  the  Saurian  and  Ophidian 
reptiles.  In  some  of  the  more  agile  of  the  Lizard  tribes,  the  high  tempen- 
turc  of  86°  has  been  noticed,  when  that  of  the  external  air  was  but  tl^.— 
In  all  experiments  on  the  influence  of  change  of  temperature  on  such  ani- 
mals, it  is  necessary  to  guard  against  the  fallacy  arising  from  the  slowness 
(resulting  from  their  non-conducting  power)  with  which  their  bodies  acquire 
the  altered  heat  of  the  medium,  whether  it  be  increased  or  diminished.  By 
attending  to  this  precaution,  it  has  been  shown  that  many  of  the  statements 
which  have  been  made  regarding  their  power  of  modifying  their  tcmperatore, 
are  liable  to  exception ;  but  it  cannot  be  questioned  that  Reptiles  have 
some  capability  of  generating  heat,  which  is  called  into  action  in  resisting 
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jssing  iaflueiice  of  cold.     Tbis  is  uncquiToealljr  proved  by  tbe  fact, 
that  i%og9  will  remain  alive  in  water  wbicb  is  frozeE  aroand  tbein  (even 
hen  the  therraometer  has  fallen  to  9^),  the  water  in  contact  with  the  body 
aining  fluid,  and  the  temperature  of  the  body  being  33*^-' 

445.  The  clasBca  of  animak,  which  are  especially  endowed  with  the  jiower 
of  producing  and  maintaining  beat,  are  Insects,  Birds,  and  Mammalia, 
The  temperature  of  Insects  bns  been  very  ably  investigated  by  Mr,  Newport.^ 

In  the  Larva  condition,  tbe  temperature  of  the  animal  corresponds  much 

ore  closely  with  tbat  of  tbe  atmosphere,  than  hi  tbe  perfect  state  ;  thns, 

the  larva  of  the  higher  species  of  ffpnennptera  (Hurable-beee,  &c.)  is 

usually  from  2^^  to  4'^  above  the  sarroundiiig  medium,  whilst  the  perfect 

Insect  has  a  range  of  from  3^  to  10^,  or  even  more  ;  and  tbe  caterpillar  of 

the  Lepidoptera  is  seldom  more  than  from  ^"^  to  2^  warmer  than  the  atmo- 

here  (the  amount  varying  in  close  relation  with  tbe  activity  of  the  indi- 

idnal),  whilst  the  perfect  Insect  is,  when  mtich  excited,  5^  or  ^^  above  It, 

h  probable  that  in  those  tribes,  in  which  no  complete  metaniorf»bosis 

istjs,  but  in  which  the  difference  between  the  development  of  the  larva  and 

lat  of  the  perfect  insect  is  but  trifling,  there  is  not  tbe  same  variation  with 

d  to  the  production  of  heat The  Fupa  state  being,  in  all  Insects 

undergo  a  complete  metamorphosis,  a  condition  of  nhsolnte  rest,  the 
lerature  of  the  individual  is  in  general  lower  than  at  anv  previous  or 
ibsequent  period  of  its  existence  ;  and  it  is  only  equal  to,  or  at  most  very 
little  above,  that  of  the  surrounding  medium*  But  in  those  species,  which, 
not  nndergo in g  a  complete  metamorphosis,  continue  active  during  the  whole 
"  life,  this  diminution  of  the  power  of  maintaining  heat  jirobably  does  not 
cur.  Within  a  short  period  after  the  first  change,  however,  the  Pupa 
en  retains  some  of  tbe  characteristics  of  the  larva  state,  and  exhibits  a 
mperature  somewhat  elevated ;  and  if  it  be  at  anytime  excited  to  motion, 
slight  degree  of  beat  k  manifested.  The  pupa  appears  to  follow  varia- 
0D3  in  atmospheric  temperature,  more  rapidly  than  tbe  larva ;  and  as  an 
evation  of  temperature  becomes  necessary  towards  the  epoch  when  the 
;nal  metamorphosis  is  to  take  place,  means  are  provided  for  it.  In  the 
Lepidoptera,  the  Chrysalis  has  itself  the  power  of  generating  heat,  at  the 
^^criod  when  its  energies  are  aroused,  and  it  is  about  to  burst  forth  from  its 
^^nlky  envelop  j  whilst  in  the  Hymenoptera,  it  is  most  curious  to  observe 
^^Ki  artificial  warmth  communicated  to  the  pupse,  by  an  increased  evolution 
^Kf  beat  from  the  bodies  of  tbe  perfect  insects  which  crowd  over  their  cells 

446.  The  increaBe  in  the  power  of  generating  heat,  which  is  character- 
istic  of  the  Imago  or  perfect  Insect,  is  not  manifested  immediately  on  its 

B  emersion  from  the  pupa-state  j  in  fact,  at  that  period,  when  tbe  body  is  mfi 
j^^tid  delicate,  and  tbe  unexpanded  wings  bang  uselessly  from  its  sides,  it 
Hearts  with  its  beat  with  great  rapidity.  It  is  not  until  its  active  respiratoij 
movemeota  have  commenced,  and  tbe  whole  system  has  been  stimulated  by 
the  exercise  of  its  locomotive  powers,  that  the  evolution  of  heat  takes  place 
to  any  remarkable  extent;  and  whether  these  processes  be  delayed  or  hast- 
ened by  the  inilnenee  of  external  circumstances,  the  elevation  of  the  tem- 
perature of  the  individual  is  still  proportional  to  them.  Thus,  a  specimen 
of  the  Sphinx  tlqii$in\  which  bad  only  left  the  pupa-state  about  an  hour 
and  a  quarter,  had  a  temperature  of  abont  4^ above  tfie  atmosphere;  whilst 

1  On  tbie  subject,  £t^e  Dumi^ril,  ^'  EDcherehea  Exp^nmeiilnlcs  sur  la  Temperature  de^ 
Beytll«a,''  in  "Ann.  dcs  Sn.  >'at./'  3*  Eiv.,  torn.  xvii.  p,  5, 
«  •*  riitIo»i>pUiciil  Trftcsjictions/*  1837. 
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at  the  expiration  of  two  hours  and  a  quarter,  when  it  had  become  strong 
and  had  just  taken  its  first  flight,  it  had  a  temperature  of  5*2^;  and  another 
specimen,  which  had  been  longer  exerting  itself  in  rapid  flight,  was  as  much 
OS  9'^  warmer  than  the  surrounding  air.  In  the  states  of  abstinence,  inac- 
tivity, sleep,  and  hybernation,  the  evolution  of  heat  is  checked;  and  the 
temperature  of  the  perfect  insect  may  fall  very  nearly  to  that  of  the  atmo- 
sphere. By  inordinate  excitement,  on  the  other  hand,  a  very  rapid  evolution 
of  heat  may  be  produced.  Thus,  a  single  individual  of  Bomhus  terrulrU 
(Humble-bee),  inclosed  in  a  phial  of  the  capacity  of  three  cubic  inches,  had 
its  temperature  gradually  raised,  by  violent  excitement,  from  that  of  rest  (2^ 
or  3^  above  that  of  the  atmosphere)  to  9^  above  that  of  the  external  air, 
and  had  communicated  to  the  air  within  the  phial  as  much  as  4^  of  heat 
within  five  minutes.  In  an  experiment  upon  another  species,  JBambus  Jo- 
neUa,  the  temperature  of  the  air  within  the  phial  was  raised  by  the  motion 
of  the  insect,  during  six  or  eight  minutes,  as  much  as  5'8^  above  that  of 
the  atmosphere ;  but  when  the  bulb  was  held  near  enough  to  the  insect  to 
touch  the  tips  of  its  wings,  the  mercury  sunk  2"2°.  This  observation,  which 
was  repeated  several  times  with  the  same  results,  shows  that  the  yibration 
of  the  wings  tends  to  cool  the  body  of  the  insect  during  its  flight — In 
regard  to  the  relative  amount  of  heat  evolved  by  diflferent  tribes  of  perfect 
Insects,  Mr.  Newport  has  ascertained  that  the  volant  insects,  in  their  per- 
fect state,  have  the  highest  temperature,  while  those  species  which  have  the 
lowest  temperature  are  located  on  the  earth.  Among  the  volant  insects, 
those  Hymenopterous  and  Lepidopterous  species  have  the  highest  tempera- 
ture, which  pass  nearly  the  whole  of  the  daytime  on  the  wing ;  of  these,  the 
Hive-bee,  with  its  long  train  of  near  and  distant  affinities,  and  the  elegant 
and  sportive  Butterflies,  have  the  highest.  Next  to  these  are  prolmbly 
their  predatory  enemies,  the  Hornets  and  Wasps,  and  others  of  the  same 
order;  and  lastly,  the  Ants,  the  temperature  of  whose  dwelling  has  been 
found  to  be  considerably  above  that  of  the  atmosphere.  Next  below  the 
Diurnal  insects,  arc  the  Crepuscular,  the  highest  of  which  are  the  Sphinges 
and  Moths,  and  almost  equal  with  them  are  the  Chaffers.  In  some  of  the 
Goleoptera  (Beetle  tribe)  the  animal  heat  is  found  to  approach  very  nearly 
to  that  in  Hymenoptera ;  in  both  of  these  tribes  the  organs  of  respiration 
are  of  large  extent,  and  the  quantity  and  activity  of  aeration  considerable. 
On  the  other  hand,  the  inferiority  of  the  temperature.of  crepuscular  Insects 
to  that  of  diurnal  species  of  the  same  orders,  is  associated  with  a  lower  de- 
i^ee  of  respiration.  Nearly  all  the  Hymenoptera  are  diurnal,  and  bear  the 
privation  of  atmospheric  air  with  greater  difficulty  than  many  other  tribes. 
Further,  it  would  appear  that  some  of  the  volant  Coleoptera  have,  even  m 
a  quiescent  state,  a  higher  temperature  than  some  of  the  terrestrial  Coleop- 
tera in  a  state  of  moderate  activity,  the  difference  being  much  increased  in 
the  active  condition  of  the  former. 

447.  It  is  among  the  Insects  which  live  in  societies,  however  (nearly  all 
of  them  belonging  to  the  order  of  Hymenoptera),  that  the  greatest  evolution 
<jf  heat  is  manifested.  Mr.  Newport's  observations  were  made  principally 
upon  the  Bombus  terristris  (Humble-bee)  and  Apis  melltfica  (Hive-bee).— 
A  single  individual  of  the  former  species  has  frequently,  when  moderately 
excited,  a  temperature  9^  above  that  of  the  atmosphere;  but  that  of  the 
nest,  examined  in  its  natural  situation,  was  from  14^  to  16^  above  that  of 
the  atmosphere,  and  from  17^  to  19^  above  that  of  the  chalk-bank  in  which 
it  was  formed.  But  the  generation  of  heat  is  increased  to  a  most  ext^ao^ 
dinary  degree,  at  the  period  when  the  last  change  is  about  to  take  place  in 
the  inclosed  pupoe,  which  require  an  elevated  temperature  for  the  comple- 
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on  of  their  developmental  processes.  This  is  is  fannshed  by  the  individuals 
snoniinated  hj  Haljer  Nur^e-bees,  of  which  Mr,  Newport  gives  the  foliow- 
g  interesting  account:  ^'  These  individuals  are  chiefly  young  female  bees  ; 
d^  at  the  period  of  hatching  of  nymphs,  they  seem  to  be  occupied  almost 
lely  in  increasing  the  heat  of  the  nest,  and  communicating  warmth  to  the 
lis  by  crowding  upon  them  and  clinging  to  them  very  closely,  during  which 
c  they  respire  very  raindly,  and  evidently  are  much  excited.  These  bees 
gin  to  crowd  npon  the  cells  of  the  nymphs,  about  ten  or  twelve  hours 
fore  the  nymph  makes  its  appearance  as  a  perfect  bee.  The  ineulmtion 
uriug  this  period  is  very  assiduously  persevered  in  by  the  luirsc-bce,  who 
arcely  leaves  the  cell  for  a  single  minute ;  when  one  bee  has  left,  another 
general  takes  its  place :  previously  to  this  period,  the  incubation  on  the 
11  is  performed  only  occasionally,  but  becomes  more  constantly  attended 
nearer  the  hour  of  the  development.  The  manner  in  whidi  the  nurse- 
e  performs  its  ofiBce,  is  by  fixing  itself  upon  the  cell  of  the  nymph,  and 
ginning  to  respire  very  gradually  ;  in  a  short  time  its  respiration  becomes 
ore  and  more  frequent,  until  it  sometimes  respires  at  the  rate  of  130  or 
40  per  minute.*^  In  one  instance,  the  thermometer  introduced  among  seven 
rsing  bees  stood  at  92^'^,  whilst  the  temperature  of  the  external  air  was 
rat  10^,  The  greatest  amount  of  heat  is  generated  by  the  nurse-bees  just 
fore  the  young  bees  are  liberated  from  the  combs,  at  which  period  they 
aire  the  highest  temperature.  It  is  ju^t  after  its  emersion  that  the  young 
li  most  susceptible  of  cold ;  it  is  then  exceedingly  sleek,  soft,  and  co- 
with  moisture ;  it  perspires  profusely,  and  is  highly  sensitive  of  the 
St  current  of  air.  It  crowds  eagerly  among  the  combs  and  among 
other  bees,  and  everyn^here  that  warmth  is  to  be  ohtaiaed.  It  is  not 
til  aftar  some  hours  that  it  becomes  independent  of  external  warmth.  It 
interesting  to  remark  that  these  bees  do  not  incubate  on  cells  that  contain 
IjiarviE;  the  temperature  of  the  atmosphere  of  the  nest  being  sufficiently 
gb  for  the  young  in  that  condition,  as  well  as  to  perfect  their  change  into 
the  pupa-state. — Similar  observations  have  been  mtwle  by  Mr.  Newport  upon 
the  temperature  of  the  Hive-hees;  and  he  has  shown  that  the  fallacy  of  the 
statements  of  other  exijerimenters^  ast  to  the  degree  of  heat  maintained  by 
them  during  the  winter,  is  caused  jjy  the  rapidity  with  which,  when  aroused, 
they  can  generate  caloric.  The  temperature  of  individual  bees  in  a  state  of 
moderate  excitement,  is  usually  from  10*^  to  15°  above  that  of  the  atmo- 
sphere; but  it  is  greatly  increased  about  the  swarming  season,  when  incuba- 
tion of  the  pupce  is  going  on,  and  also  when  clusters  are  formed  round  the 
entrance  of  the  hive.  At  such  times,  Mr.  K  has  seen  the  thermometer 
fttlfled  as  high  as  96^  or  08'^,  when  the  range  of  atmospheric  temperature 
wsa  only  between  56^  and  58^'.  The  mean  temperature  of  a  hive  during 
May  iraa  W^^  that  of  the  atmosphere  being  60^ ;  whilst  in  September,  the 
of  the  atmosphere  being  also  60^^,  that  of  the  hive  was  only  6 6 lu- 
ring the  winter,  it  appean;  that  bees,  like  other  insects,  exist  in  a  state  of 
bernation;  though  their  torpidity  is  never  so  profound  as  to  prevent  their 
afOQsed  by  moderate  excitement.  The  temperature  of  the  hive  is 
ly  fh>m  5°  to  20^  above  that  of  the  atmosphere ;  hut  it  is  sometimes 
depressed  even  below  the  freezing  point.  It  is  when  artificially  excited  in 
a  low  temperature,  that  their  power  of  generating  caloric  becomes  most  evi- 
dent. Mr,  N,  mentions  one  instance  in  which  the  temperature  of  a  hive,  of 
hieh  the  inmates  were  aroused  by  tapping  on  its  exterior,  was  raised  to 
"  whilst  a  thermometer  in  the  air  stood  at  34^^,  and  the  temperature 
of  a  similar  hive  which  had  not  been  disturbed  was  only  48^*^. 

448.  In  regard  to  the  degree  of  Heat  which  Insects  are  capable  of  gene** 


^^ 


rating,  therefore,  it  appears  tliat  they  may  be  ranked  between  "  cold"  aad 
'^  warm  blooded"  animals.  Like  the  former,  they  are  mneh  inflnenced  by 
external  tempera  tore;  although  the  liij^her  species  are,  when  in  a  state  of 
moderate  exercise,  relatively  warmer  than  the  least  cold  blooded  among 
the  Be pt ilea.  The  degree  of  heat  thej  are  occmionaUy  capable  of  evolrlag, 
is  nearly  eqnal  to  that  generated  by  Mammalia;  but  this  is  only  reqaired 
for  the  performance  of  particular  functions,  and,  if  constantly  maintained 
in  Insects,  would  have  occasioned  an  unnecessary  activky  in  the  proc^sies 
on  which  it  is  immediately  dependent,  and,  by  consequence,  in  the  irhok 
of  the  nutritive  system.  In  Birds  and  Mammalia,  however — where»  from  the 
high  development  of  the  animal  powers,  tUe  emiBtant  nmintenanco  of  an  ele- 
vated temperature  is  necessary — all  the  fanctions  are  adapted  to  \U  support", 
and  in  them  wc  no  longer  find  any  dependence  upon  the  state  of  the  escter- 
nnl  medium^  the  calqriBc  and  frigoriDc  processes  being  so  delicately  adjust- 
ed as  to  render  the  lieat  of  the  system  extremely  uniform. 

44I>.  The  temperature  of  Birds  is,  almost  without  exception,  Itigher 
than  that  of  the  Mammalia,  varying  from  100^  to  11 1^'^.  The  first  is  "that 
of  the  GtiU^  the  last  that  of  the  Stiraiiow.  In  general,  the  same  statemeat 
may  be  applied  to  Birds,  as  has  been  made  with  respect  to  Insects — that  the 
temperature  is  greater  in  the  species  of  most  rapid  and  powerful  flight,  and 
less  HI  those  which  pnnci[ta!ly  inhabit  the  earth,  as  the  Fowl  tribe;  bat 
we  find  the  lowest  temperature  of  the  class  in  the  aquatic  birds  (which 
most  closely  approximate  Reptiles  in  their  general  organization),  notwith- 
standing that  they  possess,  in  the  thick  and  soft  down  with  which  they  are 
clothed,  and  which  is  rendered  trnperTiotis  to  fluid  by  the  oily  secretion 
applied  with  the  bill,  a  special  proTision  for  retaining  that  heat  withia  their 
bodies,  which  would  otherwise  be  too  rapidly  conducted  away.  It  is  to  be 
remembered  that,  from  the  comparatively  small  size  of  most  of  the  members 
of  thU  class,  and  the  larger  surface  which  they  consequently  expose  in  pro- 
portion to  their  bulk,  the  cooling  action  of  the  surrounding  medium  wUI 
Imvo  a  greater  relative  effect  npon  them,  than  upon  larger  animals  ;  and  the 
Rmonnt  of  heat  they  must  generate  to  maintain  the  same  intenial  temperature, 
wil  I  be  greater. — The  embryo  of  Birds  requires  for  its  development  a  beat 
nearly  equal  to  that  of  the  body  of  the  paiHjnt;  and  this  is  afforded  by  tlie 
process  of  %ncubati(/n.  The  contents  of  the  egg,  wlien  lying  under  tht 
body  of  its  parent,  are  so  situated,  tliat  the  germ-spot  (§  52D)  is  broDght 
into  closest  proximity  with  the  source  of  warmth.  Eggs  may,  however,  be 
artificially  incubated — a  practice  wliieh  is  carried  to  a  great  extent  ia 
Egypt ;  and  in  tropical  climates  the  beat  of  the  sun  is  in  some  inst^neen 
Buflftcieut,  Thus,  the  Ostrich  is  said  to  leave  her  eggs  to  be  hatched  by 
the  mn*s  mys  alone,  when  she  breeds  in  the  neighborhood  of  the  Equator; 
and  tu  ^\i  upon  them,  inhabiting  a  more  variable  climate*  It  was  olmcnrcd 
by  3fr,  KiiSL^lit,  that  a  lly-catcher,  which  built  for  several  successive  y«ftn 
'ii  mn*  of  hfs  .stoves,  quitted  its  eggs  whenever  the  thermometer  wm  ftbovo 
:  ^  uitfl  reatmied  hor  place  upon  the  ncBt  when  the  thennoiatlcr 
The  VfUiug  of  nmny  kincb  of  Birds  arc  dcJictent,  for  sfWI 
Aiiitr  their  enirrirrttci?  from  the  egp.  in  the  power  of  maintmniiig  an 
indent  teinjK  n»tin*(\  Thu.^,  Dr.  Edwards  found  that  young  Sparrovi; 
K  after  they  are  hsiti-hed,  have,  while  in  the  ncst^  a  tempemUii^  of 
*^^  to  Ot-^'j  hot  when  they  arc  taken  from  the  nest,  their  tcmpcntu^ 
irie  hour  to  OGj-.  the  temperature  of  the  atmosphere  being  at  the 
02^^;  and  thi^  rapid  cooling  was  Hhov^n  by  parallel  expeiiiaieiila 
'^wing  to  the  wnnt  of  feathers,  Thi*  fact,  however,  fi  ool  earn* 
Birds. 
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450.  The  temperature  of  Mammalia  geems  usually  to  range  from  al)oiit 
e^  to  104^ ;  bot  more  accurate  observations  are  stil!  required  for  the  soke 
of  comparison.  It  is  reDmrkable  that  a  Btill  higher  point  should  be  attained 
by  the  animals  inhabiting  the  coldest  regions  \  the  Arctic  Fox  having  been 
f«3und  by  Capt.  Lyon  to  possess  a  temperature  of  nearly  10T°,  when  that  of 
the  atmosphere  was  14^.  That  of  the  Celaeea  (Whale  tribe)  does  not  seem 
to  be  inferior  to  that  of  other  orders  ]  and,  to  retain  it  within  the  body,  the 
in  js  enormously  thiekened  and  penetrated  with  oil  (so  as  to  form  the 
,b^ance  known  as  Uuhher)^  by  which  the  conducting  power  of  the  me- 
dium thej  inhabit  is  prevented  from  operating  too  energetically  and  iujuri* 
ouslj.  As  far  as  is  yet  known,  the  tempcTature  of  the  Cheiroptera  (Bat 
tribe)  seems  more  vanable  than  that  of  any  other  order ;  for  it  has  been 
found  by  Mr,  Paget*  that  the  amount  of  heat  evolved  by  a  Koctule  under 
his  observation,  varied  (like  that  of  Insects)  with  its  degree  of  activity,  its 
body  being  but  a  few  degrees  warmer  than  the  atmospVre  after  a  period 
of  prolonged  repose,  but  its  temperature  rising  to  99^  when  it  had  been 
making  active  exertions.  The  heat  of  different  parts  of  the  body  varies  a 
good  deal  according  to  the  degree  of  surface  exposed  \  and  it  seems  greater 
among  the  viscera,  than  in  any  situation  ever  exposed  to  the  air.  Tlius^ 
the  temperature  of  the  Hnman  body  is  usually  stated  at  98^  or  99^,  from 
the  height  of  thermometers  placed  in  the  mouth,  axilla,  ^c, ;  but  that  of 
the  stomach,  according  to  Dr.  Beaumont,  is  generally  100-  ;  and  that  of 
the  blood  from  100^'^  to  101 J^.— In  the  young  Mammalia,  also,  there  is 
uiually  a  considerable  deficiency  of  calorifying  power ;  but  the  degree  of 
"  is  varies  considerably  in  the  different  orders  of  the  class, 

45  L  There  is  a  certain  group  of  Mammals,  chiefly  belonging  to  the 
orders  Hodeniia  and  Cheiroptera^  which  presents  a  marked  peculiarity  in 
regard  to  the  generation  of  heatj  their  power  of  evolving  it  being  peri- 
ociicallj  diminished,  so  that  the  temperature  of  their  bodies  falls  with  that 
of  the  air  around,  even  almost  do?m  to  the  freezing  point ;  and  their  vital 
activiiy  being  lowered  in  the  same  proportion,  so  as  to  be  almost  entirely 
enapended.  Yet  this  reduction  is  not  attended  (as  in  warm-blooded  animals 
generally)  with  the  destruction  of  the  vital  properties  of  their  tissues ;  for 
when  the  temperature  of  their  bodies  is  again  raised  by  external  warmth, 
the  usual  activity  returns.  This  state,  which  is  termed  Hyhemation,  ap- 
pears to  be  as  natural  to  certain  Mammals,  as  sleep  is  to  all;  and  is  obvi* 
onsly  related  very  closely  to  ordinary  sleep,  of  which  state  its  least  com- 
plete form  seems  but  an  intensification.  Like  many  Insects,  hybernating 
Mammals  still  preserve  a  certain  cajmMUiy  of  evolving  heat,  when  a  stimulus 
uf  any  kind  excites  the  animal  functions,  and  gives  a  temporary  activity  to 
those  of  organic  life.  This  effect  may  be  produced  by  mechanical  inlta- 
tiou,  which  arouses  the  animal  from  its  torpidity,  and  accelerates  its  respi- 
ratory  movements.  Extreme  cold  will  produce  the  same  effect ;  but  it  does 
not  last  long ;  and  a  more  profound  torpidity  then  comes  on,  which  speedily 
ds  in  death,  if  the  cold  continue, — Hybernating  animals,  however,  arc 
no  means  the  only  ones  which  exhibit  ti  periodicat  change  in  the  ]>ower 
generating  heat.  It  appears  probable  that  all  species  of  animals  in- 
habiting climates  in  which  the  seasons  are  subject  to  much  variation,  vary 
In  this  respect  at  different  parts  of  the  year*  Their  power  of  evolving  heat 
is  greatest  in  the  winter ;  so  that,  if  exposed  to  severe  cold  during  summer, 
their  bodies  are  speedily  cooled.  The  change  in  the  color  of  the  fur,  from 
dark  to  white,  which  many  animals  exhibit  at  the  approach  of  winter,  has 
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the  erident  purpose  (besides  other  objects)  of  diminishing  the  radiation  of 
heat  from  its  surface.  That  this  change  is  occasioned  by  the  cold  of  the 
air  aroand,  has  been  proved  by  an  experiment  of  Capt.  Ross  upon  a  Lem- 
ming, which  he  had  kept  in  his  cabin  until  Feb.  1,  and  which  retained  its 
summer  fur.  It  was  then  exposed  on  the  deck  to  a  temperature  of  30^  below 
zero ;  and  on  the  following  day  the  whitening  of  the  fur  commenced  on  the 
cheeks  and  shoulders,  from  which  it  gradually  extended  itself  oyer  the  body. 
The  common  Stoat  of  this  country  turns  completely  white  in  Scotland  and 
the  North  of  Continental  Europe  (whence  it  is  obtained  as  the  Ermine) ; 
in  the  North  of  England  this  change  is  occasional  only ;  and  in  the  midland 
and  southern  counties  it  is  of  rare  occurrence.  It  is  interesting  to  perceive 
the  depressing  cause  thus  counteracting  itself,  by  means  of  that  provision 
in  the  structure  of  the  animal,  which  occasions  the  change  of  the  color  of 
its  fur. 

452.  We  have  now  to  inquire  what  are  the  conditions  of  the  evolution 
of  Heat  in  the  animal  economy.  That  many  of  the  nutritive  processes 
are  subservient  to  it,  can  scarcely  be  doubted ;  but  it  seems  peculiarly  to 
depend  upon  those  changes  in  which  the  function  of  Respiration  is  con- 
cerned— viz.  the  union  of  Oxygen  derived  from  the  atmosphere,  with  com- 
pounds of  Hydrogen  and  Carbon  existing  in  the  living  system.  Wherever 
the  aeration  of  the  blood  is  extensively  and  actively  carried  on,  there 
is  a  proportionate  elevation  of  temperature.  And,  on  the  other  hand, 
wherever  the  respiration  is  naturally  feeble,  or  the  aeration  of  the  blood  is 
checked  by  disease  or  accidental  obstruction,  the  temperature  of  the  body 
falls.  Thus,  in  spasmodic  Asthma,  the  temperature  of  the  Human  body 
during  a  paroxysm  has  been  found  as  low  as  82^ ;  in  the  Asiatic  Cholera, 
a  thermometer  placed  in  the  mouth  has  indicated  but  77° ;  and  in  C^f€mont 
(or  ''blue  disease,"  arising  from  malformation  of  the  heart  impeding  per- 
fect arterialization,  §  262),  the  same  low  temperature  has  been  ob^rv^. 
Again,  whenever  the  temperature  of  an  animal  is,  by  any  extraordinary 
stimulus,  quickly  raised  above  that  which  it  was  previously  maintaining,  it 
is  always  in  connection  with  increased  activity  of  the  respiratory  move- 
ments, and  increased  consumption  of  oxygen.  Thus,  during  the  incubation 
of  Bees,  the  insect,  by  accelerating  its  respiration,  causes  the  evolution  of 
heat  and  the  consumption  of  oxygen  to  take  place  at  least  twenty  times  as 
rapidly  as  when  in  a  state  of  repose. — ^Now  it  has  been  seen  that  arterial 
blood  contains  a  larger  proportion  of  oxygen  than  exists  in  venous  blood; 
whilst,  on  the  other  hand,  the  latter  contains  a  larger  proportion  of  car- 
bonic acid  than  exists  in  the  former  (§318) ;  and  it  seems  obvious  there- 
fore, that  during  the  passage  of  blood  through  the  capillaries,  a  part  of  its 
oxygen  has  been  exchanged  for  carbonic  acid.  The  source  of  this  product 
is  evidently  the  union  of  atmospheric  Oxygen  with  Carbon,  famished  by 
disintegration  of  the  tissues,  or  (more  directly)  by  the  elements  of  the  food 
(§116) ;  and  by  this  union,  caloric  must  be  generated,  precisely  as  by  the 
more  rapid  union  of  the  same  materials  in  the  ordinary  process  of  combos- 
tion.  Further,  since  these  materials  yield  Hydrogen  as  well  as  carbon,  and 
since  more  oxygen  almost  always  disappears  from  the  air  which  has  been 
respired,  than  is  contained  in  its  carbonic  acid  (§  319),  it  seems  probable 
(although  this  cannot  be  demonstrated)  that  this  element  also  is  subjected 
to  the  combustive  process,  with  a  further  generation  of  caloric ;  and  that,  of 
the  water  which  is  exhaled  from  the  lungs,  a  part  has  been  thus  produced. 
Further,  there  can  be  no  doubt  that  other  combustive  processes  take  place 
in  the  system,  although  these  may  be  the  chief;  for  example,  of  the  Sul- 
phur and  Phosphorus  which  the  albuminous  components  of  the  food  con- 
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ftin,  the  greater  proportion  is  thrown  off  hj  the  urinary  excrctiou  (§  389, 
rii.)  in  the  condition  of  sulphuric  and  phosphoric  acids,  having  been  com- 
bined with  oxygen  in  the  system.     When  all  these  actions  are  taken  into 
ccount — ^when  the  amount  of  heat  that  should  be  generated  by  the  prodnc- 
ion  of  the  quantity  of  carbonic  acid  fonnd  in  the  air  expired  during  a  given 
ime,  is  carefully  estimated,  and  the  oxygen  which  has  disappeared  is  con- 
ddercd  m  having  been  similarly  employed  in  other  combustive  protesiseR, 
specially  in  the  formation  of  water^ — ^it  is  found  that  the  total  so  closely 
[jrrespoads  with  the  amount  of  heat  actually  generated  by  the  animal 
luring  the  same  time,  that  it  can  scarcely  be  doubted  that  this  process  is 
"be  main  sonrce  of  calorification,* 
453.  Notwithstanding,  however,  that  the  Chemical  theorj'  of  Animal 
^Heat  may  be  considered  as  accounting  for  the  ordinary  maintenance  of  a 
''"seed  temperature  in  the  body  at  large,  yet  there  arc  some  **  residual  phe- 
lomena"  to  which  it  scarcely  appearss  applicable.     Of  this  kind  are  the 
adden  elevation  of  temperature  that  occurs  under  the  influence  of  nervous 
ECitement,  which  may  be  either  general  or  local ;  the  equally  sudden  dimi- 
Intion  which  marks  the  influence  of  the  depressing  passions  ;  and  the  rapid 
[>oling  of  bodies  in  w^hich  the  nervous  centres  have  been  destroyed,  not- 
ithfitandlng  that  the  respiration  is  artificially  maintained,  and  the  cireula- 
Son  continues.     So,  again,  when  the  spinal  cord  of  a  warm-blooded  animal 
divided,  there  is  a  temporary  elevation  of  temperature  in   the  lower 
xtremities ;  but  this  soon  subsides,  and  the  temperature  of  the  paralysed 
arts  then  remains  permanently  below  the  natural  standard.      This  last 
ctt  which  corresponds  with  the  constant  deficiency  of  w^armth  observable 
,  paralyzed  limbs  in  the  Human  subject,  may  be  explained  by  attributing 
he  imperfect  calorification  of  the  part  to  the  torpor  of  the  nutrient  opera- 
Sons,  consequent  upon  the  deficiency  of  nervous  energy  and  the  want  of 
fanctional  activity.     But  this  will  scarcely  apply  to  the  cases  first  cited; 
and  it  seems  not  unreasonable  to  regard  them  as  indications  of  the  direct 
conversion  of  Xervous  Power  into  Heat,  of  which  we  have  strong  evidence 
,  regard  to  Light  and  Electricity,* 


4,  EvduHon  of  Ehehicity. 

454,  Electricily  is  a  force  which  may  be  made  to  act  through  any  form 
'  matter,  and  which  may  be  produced  by  any  other  of  the  rhys^ical  Forces, 
cting  under  certain  conditions.  Thus^  Motion  will  generate  Electricity,  as 
,  the  ordinary  mode  of  obtaining  it  by  the  friction  of  two  dissimilar  sub- 
!  I  and  it  is  scarcely  possible  for  such  friction  to  occur,  without  some 
ee  of  electric  disturbance-  So,  Heal  will  generate  Electricity,  when 
ipplled  to  two  dissimilar  metals  in  contact ;  and  the  electric  equilibrium  is 
"iisturbed,  even  when  two  parts  of  the  same  bar  are  unequally  heated. 
fngmtUm,  a  gain  ^  may  be  made  to  develop  Electricity  ;  as  in  the  action  of 
t  ordinary  Magneto -Electric  machine,  Bnt  the  most  frequent  and  power* 
iBonrce  of  Electric  disturbance,  is  Chenticai  Action  ;  there  being  probably 

I  From  the  cxperimealB  of  Duloag  imi4  Detipreti,  it  appeared  that  the  yfholQ  amount 
of  ealoHc  generated  by  an  animal  iu  a  given  time  could  not  thtx^  be  nccouute^I  for ;  but 
it  baa  been  more  recently  sbown  by  Prof.  Liebig,  that  tbo  discropnncy  nearly  Tj»«i*bes» 
when  the  circ^itntion  k  bused  on  tb^  more  correct  data  since  determincdj  aa  to  tbe 
amount  of  calorio  generated  in  the  combuaticti  of  carbon  and  hydrogen. 

*  For  a  fuUer  diecuesion  of  tbla  p*rt  of  tbo  subject,  see  tbo  Author^s  **  Homnn  Thy- 
iiologyt'*  (Sth  Am.  Ed.)  |{  662,  m'6 ;  and  **Brlt.  and  For,  Med,-Cbir.  Eot.,"  vol.  i,  pp. 
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no  instance  of  chemical  union  or  decomposition,  in  which  the  electric  con- 
dition of  the  bodies  is  not  altered,  although  it  may  not  be  always  easy  to 
demonstrate  the  change.  And,  by  means  of  the  chemical  actions  which  it 
produces,  Light  also  may  become  the  generator  of  the  Electric  force. — ^o^ 
as  many  of  these  forces  are  operating  in  the  living  body,  under  circumstances 
which  would  appear  to  be  peculiarly  favorable  to  the  excitement  of  Elec- 
tricity, there  can  be  no  difficulty  in  accounting  for  its  production  in  the  organic 
processes  of  Nutrition  and  Secretion ;  and  the  wonder  perhaps  is,  that  the 
manifestations  of  it  should  be  ordinarily  so  trivial.  Thus,  when  the  change 
of  form  of  a  body  from  solid  to  liquid,  or  from  liquid  to  gaseous,  is  attended 
with  the  least  chemical  decomposition  (as  when  water  containing  a  small 
quantity  of  saline  matter  in  solution  is  caused  to  evaporate  and  to  leave  it 
behind),  a  very  decided  electric  disturbance  is  produced ;  and  if  it  were 
not  for  the  provisions  which  everywhere  exist  for  the  neutralization  of  the 
effects  of  such  actions,  by  the  conducting  power  of  the  parts  in  which  they 
occur,  and  of  the  bodies  around  them,  such  electric  disturbances  could 
scarcely  fail  to  exert  an  important  influence  on  the  organic  functions. 

455.  Electricity  in  Vegetables That  the  ordinary  processes  of  Yegetable 

growi;h  are  attended  with  a  disturbance  of  electric  equilibrium,  which  is 
manifested  when  the  bodies  in  which  it  takes  place  are  effectually  insulated, 
seems  to  have  been  proved  by  the  experiments  of  Pouillet.     Several  pots 
filled  with  earth,  and  containing  different  seeds,  were  placed  on  an  insulated 
stand  in  a  chamber,  the  air  of  which  was  kept  dry  by  quicklime ;  and  the 
stand  was  placed  in  connection  with  a  condensing  electrometer.     Daring 
germination,  no  electric  disturbance  was  manifested ;  but  the  seeds  had 
scarcely  sprouted,  when  signs  of  it  were  evident ;  and  when  the  young 
plants  were  in  a  complete  state  of  growth,  they  separated  the  gold  leaves 
of  the  electrometer  half  an  inch  from  each  other.     It  was  calculated  by  him 
that  a  vegetating  surface  of  100  square  metres  in  extent  produces  in  a  day 
more  electricity  than  would  be  sufficient  to  charge  the  strongest  battery ; 
and  he  not  unreasonably  considered  that  the  growth  of  plants  may  be  one 
of  the  most  constant  and  powerful  sources  of  atmospheric  electricity.    The 
disengagement  of  vapor  from  the  surface  of  the  leaves  would  alone  be  suf- 
ficient to  produce  such  a  disturbance,  as  the  fluid  from  which  it  is  given  off 
is  always  charged  with  saline  and  other  ingredients ;  and  the  gaseous  changes 
which  arc  effected  by  the  leaves  upon  the  oxygen  and  carbonic  acid  of  the 
atmosphere,  may  be  regarded  as  additional  sources  of  its  development. 
During  the  various  processes  of  decomposition  and  recomposition  which 
take  place  in  the  assimilation  of  the  Vegetable  juices,  we  should  expect 
that  electric  equilibrium  would  be  sometimes  disturbed,  sometimes  restored. 
Of  this,  the  following  facts,  amongst  others,  appear  to  be  sufficient  evidence. 
If  a  wire  be  placed  in  apposition  with  the  bark  of  a  growing  plant,  and  another 
be  passed  into  the  pith,  contrary  electrical  states  are  indicated,  when  Uiey  are 
applied  to  an  electrometer.     If  platinum  wires  be  passed  into  the  two 
extremities  of  a  fruit,  they  also  will  be  found  to  present  opposite  conditions, 
In  some  fruits,  as  the  apple  or  pear,  the  stalk  is  negative,  the  eye  positive; 
whilst  in  such  as  the  peach  or  apricot,  a  contrary  state  exists.     If  a  prune 
be  divided  equatorially,  and  the  juice  be  squeezed  from  its  two  halves  into 
separate  vessels,  its  portions  will  in  like  manner  indicate  opposite  elec- 
trical states,  although  no  difference  can  be  perceived  in  their  chemical 
qualities.* 

456.  Electricity  in  Animals. — All  that  has  been  said  of  the  effects  of 

'  *•  Annales  de  Clwrnie,"  torn.  Ivii. 
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egctatioji  in  producing  a  disttirbance  of  Electric  eqnilRirkmi,  will  niani- 
stly  ai>ply  to  tlie  nutritive  processes  of  Animals  also;  and  there  is  no 
eficiency  of  indications  that  such  is  the  case.     Thus,  Donno  found  that 
he  skin  and  most   of  tlio  internal  membranes  are  in  opposite  electrical 
ates;  and  Mattencci  lias  seen  a  deviation  of  the  needle  amounting  to  15"^ 
20'^p  wLen  the  liver  and  stomach  of  a  rabbit  were  connected  with  the 
latinum  ends  of  the  wires  of  a  delicate  galvanometer.     It  may  be  ques- 
ioncd  whether  the  difTerences  in  the  Becretions  of  these  p&rts  were  the 
auses  or  the  effects  of  their  electric  conditions.     Aecordlng  to  Matteucci, 
could  not  be  by  their  chemical  action  on  the  wires  that  the  niantfe station 
as  produced,  since  it  became  very  feeble  or  entirely  ceased  on  the  death 
f  the  animal.     The  more  recent  experiments  of  Mr,  Baxter,'  wluch  were 
ireeted  to  the  determination  of  the  relative  electrical  condition  of  secreting 
rfaces,  and  of  the  blood  in  the  veins  returning  from  them,  ieem  to  con- 
[firm  the  belief  that  au  electric  disturbance  takes  place  in  the  very  act  of 
cretion.     He  found  that  when  one  of  the  electrodes  was  placed  on  the 
ntestinal  surface,  and  the  other  inserted  into  the  branch  of  the  mesenteric 
rein  proceeding  from  it,  a  deflection  of  the  needle  to  the  extent  of  4^  or  5^ 
was  produced,  indicating  a  positive  condition  of  the  blood;  no  effect,  on 
the  other  hand,  was  produced,  when  the  second  electrode  was  inserted  into 
the  artery  of  the  part.     These  effects  cease  soon  after  tho  death  of  the  Ani- 
mal, which  is  not  the  case  with  those  whicli  proceed  from  simple  chemical 
.differences  between  the  blood  and  the  secreted  product.* — The  researches 
if  M,  du  Bois-Beymond,  taken  in  connection  with  the  preceding,  have  now 
"le  it  apparent  that  there  are  no  two  parts  of  the  body,  save  those  which 
espond  on  opposite   sldes,^  whose  electric  condition  is  precisely  the 
some;  and  that  the  differences  between  them  are  greater,  in  proportion  to 
the  diversity  of  the  vital  processes  which  are  taking  place  iu  them,  and  to 
the  activity  with  which  these  are  carried  oa> 

45t.  The  influence  of  active  molecular  changes  in  producing  Electric 
disturbance,  is  peculiarly  well  seen  in  the  case  of  Muscles  and  Nerves; 
whose  substance  undergoes  more  rapid  changes,  ahke  of  disintegration  and 
of  nutritive  reparation,  than  does  that  of  any  other  tissues  in  the  body. — 
It  has  been  shown  by  Matteucci,*  that  if  an  incision  be  made  into  a  MukcIc 
of  a  living  animal,  and  the  nerve  of  a  "  galvanoscopic  frog"*  be  introduced 


the 


'  **  PUUo»o^^hicttl  Trmisflcti^tifl,"  I^-IS,  p.  243- 

3  These  eiperimcnta  uisiy  seera  confirjimtoTy  of  lUe  tlieoi-y  legpectiBg  Sceretiotj  pro- 
posed by  Dr.  Wullaston,  Krho,  observmg  the  connection  betw<jen  cleclricity  iiiiJ  clitemi- 
C;*!  ticUoTi,  was  led  to  think  tlint  aU  the  tiocrcUotis  in  the  body  ar<i  tlie  ufTect  of  electrrcol 
agrncy  jieting  In  various  mode?,  nnct  that  the  qnalities  of  etidt  seert^tion  point  uut  wh«t 
•species  of  electricity  prcponflerated  in  tbo  organ  which  forma  it  i — the  exisjti'Dce  of  free 
rieltJ  If)  the  urine  nnd  paatnc  jusee,  ftini  of  free  aiknU  in  the  bilo  and  sftliva,  ninrking 
the  previil^nce  of  poMtive  electricity  in  the  kidiicya  nnd  atoumch,  whilst  tin  txcfes  of 
cgfttive  eli*etricity  ia  indicated  in  tho  liver  and  fiAliyary  glnnds.  Hut  it  is  more  likoly 
_  hat  thcs  di^Jtiirbiince  of  Eleetricity  is  the  ravH  of  chernienl  chtuigi's,  whtjise  Bource  is  tli€ 
Titiil  f"rae,  thjiQ  Ihivt  it  is  itsdf  the  etmsc  ef  th<>f*?  eb&nges. 

A  wonderfully  loitmte  diflercncc  in  the  rcspectiTe  conditions  of  th<*Be,  i^  f^nfficient  to 
produce  A  Tery  decided  effect  upon  n  dolicnte  galTonoraeter ;  thus,  in  the  perfonnane© 
of  M.  du  Bois-Reymond'a  experiment  (}  45$),  it  is  found  that  the  pligUtesi  nbm^ion  of 
the  skin  of  one  of  the  iKinieraed  fingcra  produces  ft  cou-dderable  deflection  in  the 
needle. 

*  »*  Lecture*  «pon  the  Physicftl  Phenetnena  of  Living  Beinga,*'  LiCT,  IX.  Am.  Ed. 

*  Tlio  ♦*  jcftlvnnoscopic  frog,"  which  has  been  coDtinusilly  employed  by  Vti^t.  Mul- 
I  teucd  to  test  minute  electric  dktnrbunces  which  nre  acnrccly  nppreciiible  by  u  ^\Ul^- 
I        notneter,  ia  slraply  the  leg  of  ft  recently-killed  fropf,  ivith  the  crunil  nerve,  difisecfed  out 

of  the  body,  remaioing  in  connection  with  it :  liie  leg  being  inclosed  in  a  ^\a%^  tuhe 
I       cOTureti  with  an  insulating  varnish,  and  the  nerve  being  allowed  to  hang  freely  from  iU 
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into  the  wound,  in  such  a  manner  that  its  extremity  is  applied  to  the 
deepest  part,  and  another  portion  to  the  lips  or  to  the  sariace  of  the  mus- 
cle, the  leg  of  the  frog  is  thrown  into  contraction ;  thus  proving  that  a 
difference  exists  in  the  electric  condition  of  the  deeper  and  the  more  super- 
ficial parts  of  the  animal.  This  phenomenon  is  exhibited  even  when  the 
muscle  is  separated  from  the  body ;  but  when  the  experiment  is  many  times 
repeated,  the  contractions  are  observed  to  become  feebler  and  feebler,  and 
at  last  to  cease  altogether,  their  duration  being  greater  when  a  muscle  of  a 
cold-blooded  animal,  than  when  that  of  a  warm-blooded  animal  is  employ- 
ed. A  galvanic  pile  may  even  be  formed  of  pieces  of  fresh  muscle,  provided 
they  be  so  arranged  that  the  internal  substance  of  each  is  in  contact  with 
the  external  surface  of  the  next;  and  thus  it  may  be  shown,  by  the  gal- 
vanometer, that  a  current  is  continually  proceeding  from  the  interior  to  the 
surface  of  every  muscle.  This  current  exists  when  the  muscle  is  in  a  com- 
pletely passive  state ;  and  its  intensity  seems  then  to  depend  upon  the 
activity  of  the  nutrient  changes  taking  place  in  it.  Its  phenomena  have 
been  carefully  investigated  by  M.  du  Bois-Reymond,  who  has  arrived  at 
the  general  conclusion,  that  "  when  any  point  of  the  longitudinal  section  of 
a  muscle  is  connected  by  a  conductor  with  any  point  of  its  transverse  sec- 
tion, an  electric  current  is  established,  which  is  directed,  in  the  muscle, 
from  its  longitudinal  to  its  transverse  section."*  The  most  powerful  in- 
fluence on  the  galvanometer  is  produced,  when  a  portion  of  the  outer  sur- 
face (or  natural  longitudinal  section)  of  a  muscle  is  laid  upon  one  of  the 
electrodes,  and  a  portion  of  its  internal  part  exposed  by  cutting  it  across 
(or  artificial  transverse  section)  is  placed  against  the  other.  The  same 
results  may  be  obtained,  not  merely  with  the  entire  muscle,  but  with  insu- 
lated portions  of  it,  and  even  with  a  single  primitive  fasciculus ;  so  that 
every  integral  particle  of  the  muscular  substance  must  be  an  independent 
centre  of  electro-motor  action. 

458.  The  existence  of  an  Electrical  current  in  the  Frog,  passing  during 
its  whole  life  from  its  extremities  towards  its  head,  has  been  known  since 
Nobili  applied  the  galvanometer  to  the  elucidation  of  the  phenomena  first 
observed  l)y  Galvani ;  but  it  was  at  first  supposed  to  be  peculiar  to  thb 
animal.  Even  Matteucci,  for  some  time  after  his  discovery  of  the  "mus- 
cular current,"  regarded  the  ''proper  current  of  the  frog"  as  something 
essentially  different.  More  recently,  however,  it  has  been  shown  that  the 
latter  is  but  a  special  case  of  the  former,  being  dependent  upon  the  particular 
arrangement  of  the  muscles  and  tendons  in  the  limbs  and  body  of  this  ani- 
mal. The  community  of  origin  of  the  ''muscular  current,"  and  of  the 
"proper  current  of  the  frog,"  is  further  indicated  by  the  circumstance  thit 

open  end,  Avhon  two  points  of  the  nerrc  are  brought  in  contact  with  any  two  sabstanccs 
in  a  different  electrical  state,  the  muscles  which  it  supplies  are  thrown  into  contnetioa. 
^  Sec  Dr.  Bence  Jones's  "  Abstract  of  the  DiscoYeries  in  Animal  Electrieity,  bj  X. 
Kmil  du  Bois-Reymond,"  p.  90. — For  the  precise  comprehension  of  the  above  law,  itii 
requisite  tliat  the  terms  of  its  enunciation  should  be  fuUy  understood.  The  entii« 
muscle  being  composed  of  a  mass  of  fibres  having  a  generally  parallel  directtoo,  and 
attached  at  their  extremities  to  tendinous  structure  (which  has  in  itself  little  or  no 
electro-motor  power,  but  is  a  conductor  of  electricity),  it  follows  that  the  tendon  or 
tendinous  portion  of  a  muscle  represents  a  surface  formed  by  the  beuet  of  the  miueidir 
fibres  considered  as  prisms,  which  may  be  designated  as  its  natural  iranvMru  MttimL 
On  the  other  hand,  the  fleshy  surface  of  the  muscle,  which  is  formed  only  by  the  Hin 
of  the  fibres  considered  as  prisms,  may  be  regarded  as  the  natural  longitudinal  $telim 
of  the  muscle.  Again,  if  a  muscle  be  divided  in  a  direction  more  or  less  perpendievlar 
to  its  fibres,  an  artificial  transverse  section  will  be  made;  whilst,  if  the  moacle  be  ton 
lengthwise  in  the  direction  of  its  fibres,  an  artificial  longitudincd  section  will  be  made. 
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they  are  both  modified  in  the  same  manner  by  afi:ent8  which  affect  the  vitality 
of  ^e  muscle ;  and  it  is  particularly  remarkable  that  poisoning  with  sul- 
phuretted hydrogen  should  almost  immediately  put  an  end  to  both,  although 
narcotic  poisons  have  very  little  influence.  The  "i)roper  current  of  the 
frog"  bears  this  curious  analogy  to  the  electric  discharges  of  Fishes,  pre- 
sently to  be  described ;— that  it  is  not  manifested  if  the  connection  be  made 
between  corresponding  points  of  the  opposite  sides ;  but  that  it  shows  itself 
when  the  communication  is  made  between  points  higher  or  lower  in  the 
body,  whether  on  the  same  or  opposite  sides. 

459.  That  a  change  in  the  electric  state  of  Muscles  takes  place  in  the  act 
of  contraction,  had  been  ascertained  by  the  experiments  of  Prof.  Matteucci ; 
but  as  he  was  only  able  to  detect  this  by  the  **galvanoscopic  frog"  (the 
galvanometer  he  employed  not  giving  unquestionable  indications  of  it),  he 
was  not  able  to  determine  its  nature  with  accuracy.  This  determination 
has  been  accomplished,  however,  by  M.  du  Bois-Reymond ;  who  has  shown 
that  (contrary  to  the  belief  of  Matteucci)  the  contraction  of  a  muscle  is 
attended  with  a  marked  diminution  of  its  electro-motive  power ^  the  muscular 
current  being  diminished,  or  even  reduced  to  zero.  This  alteration  has 
been  demonstrated  by  M.  du  Bois-Reymond  in  the  living  animal,  after  the 
following  manner.  The  two  feet  of  a  live  Frog  were  immersed  in  the  two 
connecting  vessels,  but  one  of  the  legs  was  paralyzed  by  division  of  its 
sciatic  plexus ;  the  muscular  currents  of  the  muscles  of  the  two  limbs  neu- 
tralized each  other,  so  long  as  they  remained  at  rest ;  but  upon  the  frog 
being  poisoned  with  strychnia,  so  that  tetanic  convulsions  occurred  in  one 
limb,  whilst  the  other  remained  motionless,  the  current  in  the  former  limb 
was  weakened,  whilst  that  of  the  latter  remained  unaffected,  and  a  deflec- 
tion of  the  needle  took  place,  indicating  an  upward  current  in  the  paralyzed 
limb,  and  a  downward  current  in  the  tetanized  one.  The  same  thing  may 
b«  shown  in  the  Human  subject,  by  dipping  the  forefingers  of  the  two  hands 
into  the  two  conducting  vessels  connected  with  the  galvanometer,  so  that 
the  two  arms  are  included  in  opposite  directions  in  the  circuit;  when  if, 
after  the  needle  (which  usually  undergoes  a  temporary  disturbance  on  their 
first  immersion)  has  come  to  a  state  of  rest,  all  the  muscles  of  one  of  the 
arms  be  strongly  and  permanently  contracted,  so  as  to  give  them  the  greatest 
possible  tension  without  changing  the  position  of  the  arm,  the  needle  is  in- 
stantly deflected,  always  indicating  a  current  from  the  hand  to  the  shoulder, 
that  is,  an  upward  current  in  the  contracted  arm.  This  change,  however, 
is  so  extremely  slight,  that  a  very  delicate  galvanometer  is  requisite  to  render 
it  perceptible.  Its  intensity  depends  very  much  on  the  muscular  energy  of 
the  exx)erimenter;  and  even  the  greater  power  which  the  right  arm  usually 
possesses  becomes  perceptible  in  the  greater  deflection  of  the  needle  when 
U  is  pat  in  action.^ 

460.  The  discovery  that  an  electric  current  exists  in  Nerves,  the  condi- 
tions of  which  are  in  most  respects  similar  to  that  of  the  muscular  current, 
is  entirely  due  to  M.  du  Bois-Reymond.    When  a  small  piece  of  a  nerve- 

^  >  Of  this  very  remarkable  experiment^  which  was  first  made  by  M.  du  Bois-Reymond, 
the  Author  has  himself  (through  that  gentleman's  kindness)  been  a  witness ;  and  he 
gladly  bears  his  testimony  to  its  highly  satisfactory  character.  The  success  of  M.  du 
Bois-Reymond  in  these  and  similar  inyestigations,  is  doubtless  due  in  great  part  to  the 
marreUoos  sensitiyeness  of  the  galvanometer  he  employs,  the  coils  of  which  consist  of 
ikrm  mUtM  of  wire,  as  well  as  to  the  perfection  of  the  various  arrangements  by  which 
he  is  enabled  to  avoid  or  eliminate  sources  of  error ;  but  it  must  be  attributed  in  grcnt 
pert  eleo  to  the  philosophic  method  on  which  his  inquiries  are  planned,  and  to  the  skill 
and  perseverance  with  which  they  are  carried  out. 
80 
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trunk  is  cat  oat  from  the  recently-killed  body,  and  is  so  placed  upon  the 
electrodes  that  it  touches  one  of  them  with  its  surface  (or  natnral  iongitn- 
dinal  section),  and  the  other  with  its  cut  extremity  (or  artificial  transvene 
section),  a  considerable  dellection  of  the  index  is  produced,  the  direction 
of  which  always  indicates  the  passage  of  a  current  from  the  interior  to  the 
exterior  of  the  nerve-trunk.  It  is  indifferent  in  regard  to  the  direction  of 
the  current,  whether  tlie  central  or  the  peri])heral  cut  extremity  be  applied 
to  the  electrode ;  and  in  fact,  the  most  powerful  effect  is  obtained  by  doub- 
ling the  nerve  in  the  middle,  and  applying  both  transverse  sections  to  one 
electrode,  whilst  the  loop  is  applied  to  the  other.  On  the  other  hand,  if 
the  two  cut  extremities  be  applied  to  the  two  electrodes  respectively,  no 
decided  effect  is  produced ;  and  the  same  neutrality  exists  between  any  two 
points  of  the  surface  of  the  trunk,  equidistant  from  the  middle  of  its  length; 
but  if  the  points  be  not  equidistant,  then  a  slight  deflection  is  produced, 
indicating  that  the  parts  nearer  the  middle  are  positive  to  those  nearer  the 
extremities.  It  has  not  been  found  possible,  owing  to  the  small  size  of  the 
nerve-trunks  experimented  on,  to  test  in  a  similar  manner  the  relative  state 
of  different  points  of  their  transverse  section;  but  there  can  be  little  doubt, 
from  the  complete  conformity  which  exists  in  other  respects  between  the 
nervous  and  muscular  currents,  that  the  same  law  would  be  found  to  prevail 
in  this  as  in  the  former  case ;  namely,  that  the  points  nearer  the  surface  are 
positive  to  those  nearer  the  centre.  There  is  no  difference  between  the 
motor  and  the  sensory  nerves  in  regard  to  the  direction  of  this  current,  the 
existence  of  which,  like  that  of  the  muscular,  must  be  considered  as  derived 
from  the  electromotive  action  of  the  molecules  of  the  nerve. — Now  the  state 
of  activity  which  is  induced  in  a  nerve-trunk  by  passing  an  electric  cur- 
rent through  a  portion  of  it,  is  easily  proved  to  be  not  the  direct  conse- 
quence of  the  electric  force,  but  the  result  of  the  excitement  of  the  proper 
force  of  the  nerve  by  the  agency  of  Electricity.  Thus,  as  Prof.  Matteucci 
has  shown,  when  an  electric  current  is  transmitted  through  the  muscles  of 
the  thighs  of  a  living  animal,  the  positive  pole  being  placed  above  and  the 
negative  pole  below,  so  that  the  current  passes  in  the  direction  of  the  effe- 
rent or  motor  nerves,  there  is  not  only  a  strong  contraction  of  the  moscle 
traversed,  but  also  of  the  muscle^)  of  the  leg  below;  indicating  that  an  ia- 
fluence  is  transmitted  through  the  nerves  which  proceed  to  them.  On  the 
other  hand,  when  the  current  is  transmitted  in  the  inverse  direction,  the 
positive  pole  being  below,  so  that  it  is  directed  along  the  course  of  the 
afferent  nerves,  or  towards  the  nervous  centres,  pain  is  produced,  without 
any  muscular  contraction  save  in  the  muscle  traversed ;  showing  that  the 
influence  is  now  transmitted  towards  the  nervous  centres.*  Again,  it  hai 
been  clearly  established  by  other  experiments,  that  an  electric  current  tia- 
versing  a  muscle,  never  quits  its  substance  to  travel  along  the  filaments  of 
the  nerves  distributed  through  it ;  so  that  it  is  obvious  that  the  inftoence 
which  in  the  one  case  excites  muscular  contraction,  and  in  the  other  case 
occasions  pain,  is  not  Electricity,  but  Nervous  Force  generated  by  the  pts^ 
age  of  the  electric  current  through  the  muscle,  in  the  nerves  which  ait 
distributed  to  it. — When  an  "  electrotonic"  state  is  thus  induced  in  a  nerve, 
by  the  agency  of  a  continued  electric  current  transmitted  through  a  pait  of 
its  trunk,  it  is  found  that  the  "nervous  current"  just  described  is  inereafed 
if  the  electric  current  have  the  same  direction  as  that  between  the  transveiM 
and  longitudinal  sections  of  the  nerve,  and  is  diminished  if  its  direction  be 
contrary.     When,  on  the  other  hand,  a  nerve  is  **tetanized"  by  passing  as 

1  «<Philo8opbical  Transactions,''  1850,  p.  205. 
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interrupted  and  alternatinjc  current  through  a  portion  of  it,  the  effect  is,  as 
in  the  case  of  muscle,  to  produce  a  diminution,  or  even  a  complete  suspen- 
sion, of  its  own  proper  current.  A  similar  diminution,  or  even  a  reversal 
of  tlic  current,  has  been  found  by  M.  du  Bois-lleymond  to  follow  severe 
injuries  of  the  nerve,  by  mechanical,  chemical,  or  thermal  agencies. 

4()1.  There  are  certain  aninmls  which  possess  the  power  of  accumulating 
Electric  force  within  their  bodies,  and  of  discharging  it  at  will  in  a  violent 
form ;  and  with  the  exception  of  some  Insects  and  Mollusca,  which  have 
been  said  (though  this  is  doubtful)  to  communicate  sensible  shocks,  these 
animals  are  all  included  in  the  class  of  Fishes,  Above  seven  species  of 
this  cla&«!,  belonging  to  five  genera,  are  known  to  possess  electric  proper- 
ties; and  it  is  curious  that  these  genera  belong  to  tribes  very  dissimilar 
from  one  another,  and  that,  though  each  has  a  limited  geographical  range, 
one  species  or  other  is  found  in  almost  every  i)art  of  the  world.  Thus,  the 
three  species  of  Torpedo,  belonging  to  the  Rayrfribe,  are  found  on  most  of 
the  coasts  of  the  Atlantic  and  Mediterranean,  and  sometimes  so  abundantly 
as  to  be  a  staple  article  of  food.  The  Gf/mnotus,  or  electric  Eel,  is  con- 
fined to  the  rivers  of  South  America-  The  Si/urus  (more  correctly  the 
Malaptemrus),  which  approaches  more  nearly  to  the  Salmon  tribe,  occurs 
In  the  Niger,  the  Senegal,  and  the  Nile.  The  Trichiurus,^  or  Indian 
Sword-fish,  is  an  inhabitant  of  the  Indian  Seas.  And  the  Tetraodon  (one 
of  a  genus  allied  to  the  Diodon  or  globe  fish)  has  only  been  met  with  on 
the  coral  banks  of  Johaua,  one  of  the  Comoro  Islands. — These  Fishes  have 
not  all  been  examined  with  the  same  degree  of  attention  ;  but  it  seems  pro- 
bable that  the  phenomena  which  they  exhibit,  and  the  structural  peculiari- 
ties with  which  these  are  coimectcd,  are  essentially  the  same  throughout. 
The  peculiar  characteristic  of  all  is  the  power  of  giving,  to  any  living  body 
which  touches  them,  a  shock  resembling  in  its  effects  that  produced  iiy  the 
discharge  of  a  Leyden  jar.  This  is  of  very  variable  intensity  in  different 
species  and  individuals,  and  at  different  times.  The  GymnoUis  will  attack 
and  paralyze  horses,  as  well  as  kill  small  animals ;  and  the  discharges  of 
large  fish  (which  are  20  feet  long)  sometimes  prove  sufficient  to  deprive 
men  of  sense  and  motion.  The  eflects  of  the  contiict  of  the  Torjyedo  are 
less  severe  and  soon  pass  off;  but  the  shock  is  attended  with  considerable 
pain  when  the  fish  is  vigorous.  The  electrical  organs  appear  to  be  charged 
and  discharged  to  a  certain- extent  at  the  will  of  the  animals.  Their  power 
is  generally  exerted  by  the  aj)proach  of  some  other  animal,  or  by  some  ex- 
ternal irritation;  but  it  is  not  always  possible  to  call  it  into  action,  even  in 
vigorous  individuals.  It  usually  diminishes  with  the  general  feebleness  of 
the  system,  though  sometimes  a  dying  fish  exerts  considerable  power.  All 
electrical  fishes  have  their  energy  exhausted  by  a  continual  series  of  dis- 
charges ;  hence,  it  is  a  common  practice  with  convoys  in  South  America, 
to  collect  a  number  of  wild  horses  and  drive  them  into  the  rivers,  in  order 
to  save  themselves,  when  they  pass,  from  beinjr  injun'd  by  the  fish.  If  ex- 
cessively exhausted,  the  animals  may  even  die ;  but  they  usually  recover 
their  electrical  energy  after  a  few  hours'  rest. 

462.  The  Torptdo,  from  its  proximity  to  p]nropean  shores,  has  been 
most  frequently  made  the  subject  of  observation  and  experiment;  and  the 
following  ore  the  most  important  results  of  the  invest igntioiis  which  have 

been  made  upon  it  by  various  inquirers That  the  shock  perceived  by  the 

organs  of  sensation  in  Man  is  really  tlie  result  of  an  electric  discharge,  has 

>  There  \%  nome  doubt,  however,  as  to  the  real  charncter  of  the  fi^h  to  which  this 
ftame  bus  been  given. 
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now  been  fnlly  established.  Althoni^h  no  one  has  ever  seen  a  spark  emit- 
ted from  the  body  of  one  of  the  fish,  it  may  be  easily  made  manifest,  by 
causing  the  Torpedo  or  Gymnotus  to  send  its  discharge  throngh  a  slightly 
interrui>ted  circnit.  The  galvanometer  is  influenced  by  the  discbarge  of 
the  Torpedo,  and  chemical  decomposition  may  be  effected  by  it,  as  well  as 
magnetic  properties  communicated  to  needles.  It  seems  essential  to  the 
proper  reception  of  tlie  shock,  that  two  parts  of  the  body  should  be  touched 
at  the  same  time,  and  that  these  two  should  be  in  different  electrical  states. 
The  most  energetic  discharge  is  procured  from  the  Torpedo,  by  touching 
the  back  and  belly  simultaneously,  the  electricity  of  the  dorsal  surface  being 
positive,  and  that  of  the  ventral  negative;  and  by  this  means  the  galvano- 
meter may  be  strongly  affected,  every  part  of  the  back  being  positive  with 
respect  to  every  part  of  the  opposite  surface.  When  the  two  wires  of  the 
galvanometer  are  applied  to  the  corresponding  parts  of  the  two  sides  of  the 
same  surface,  no  influence  m  manifested ;  but,  if  the  two  points  do  not  cor- 
respond in  situation,  whether  they  be  both  on  the  back,  or  both  on  the 
belly,  the  index  of  the  galvanometer  is  made  to  deviate.  The  degree  of 
proximity  to  the  electric  organ  appears  to  be  the  source  of  the  difference 
in  the  relative  state  of  different  parts  of  the  body ;  those  which  are  near  to 
it  being  always  positive  in  respect  to  those  more  distant.  Dr.  Davy  found 
that,  however  much  Torpedos  were  irritated  through  a  single  point,  no  dis- 
<:harge  took  place ;  and  he  states  that  when  one  surface  only  ia  touched 
and  irritated,  the  fish  themselves  appear  to  make  an  effort  to  bring  the 
border  of  the  other  surface,  by  muscular  contraction,  into  contact  with  the 
offending  body;  and  that  this  is  even  done  by  fcetal  fish.  If  a  fish  be 
placed  between  two  plates  of  metal,  the  edges  of  which  are  in  contact,  no 
shock  is  perceived  by  the  hands  placed  upon  them,  since  the  metal  is  a 
better  conductor  than  the  human  body ;  but,  if  the  plates  be  separated, 
and,  while  still  in  contact  with  the  opposite  sides  of  the  body,  the  hands 
be  applied  to  them,  the  discharge  is  at  once  rendered  perceptible,  and  it 
may  be  passed  through  a  line  formed  by  the  moistened  hands  of  two  or 
more  persons,  the  extremities  being  brought  into  relation  with  the  opposite 

plates The  electrical  phenomena  of  the  Gymnotus  are  essentially  the  same 

with  those  of  the  Torpedo ;  but  the  opposite  electrical  states  are  found  to 
exist,  not  between  the  dorsal  and  ventral  surfaces,  but  between  the  hcid 
and  the  tail ;  so  that  the  shock  is  most  powerful,  when  the  connection  is 
formed  between  these  two  extreme  points. 

463.  It  has  been  ascertained  by  experiment  that  the  manifestation  of  this 
peculiar  power  depends  upon  the  integrity  of  the  connection  between  the 
Nervous  centres  and  certain  organs  peculiar  to  Electrical  fishes.  In  the 
Torpedo,  the  Electric  organs  are  of  flattened  shape  (Pig.  190,  «),  ando^ 
cupy  the  front  and  sides  of  the  body,  forming  two  large  masses,  whidi 
extend  backwards  and  outwards  from  each  side  of  the  head.  They  tie 
composed  of  two  layers  of  membrane,  between  which  is  a  whitish  soft  pnlp, 
divided  into  columns  by  processes  of  the  membrane  sent  off  so  as  to  form 
])artitions  like  the  cells  of  a  honey-comb  ;  the  ends  of  these  columns  being 
directed  towards  the  two  surfaces  of  the  body.  The  columns  are  again  mb- 
divided  horizontally  by  more  delicate  partitions,  which  form  each  into  • 
number  of  distinct  cells ;  the  partitions  are  extremely  vascular,  and  are 
profusely  supplied  with  nerves,  of  which  the  fibres  seem  to  break  up  into 
minuter  fibrillge,  to  form  plexuses  upon  these  membranes.  The  fluid  cob- 
taincd  in  the  electrical  organs  forms  so  large  a  proportiqn  of  them  that  the 
specific  gravity  of  the  mass  is  only  1026,  whilst  that  of  the  body  in  gcnerJ 
is  about  1060;  and,  from  a  chemical  examination  of  its  constituents,  it 
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Fig.  100. 


seems  to  be  little  else  than  water,  holding  one-tenth  part  of  albumen  iu 
solution,  with  a  little  cliloride  of  so- 
dium.— The  electrical  organs  of  the 
Gymnotus  are  essentially  ithe  same  in 
structure,  though  differing  in  shape  in 
accordance  with  the  conformation  of  the 
animal;  they  occupy  one-third  of  its 
whole  bulk,  and  run  along  nearly  its  en- 
tire length;  there  are,  however,  two 
distinct  pairs,  one  much  larger  than  the 
other.  The  prisms  are  here  less  numer- 
ous, but  are  much  longer;  for  they  run 
in  the  direction  of  the  length  of  the 
body,  a  difference  which  is  productive  of 
a  considerable  modification  of  the  charac- 
ter of  the  discharge  (§  465). — In  the 
Silurus  there  is  not  any  electrical  organ 
so  definite  as  those  just  described;  but 
the  thick  layer  of  dense  areolar  tissue, 
which  completely  surrounds  the  body, 
appears  to  be  subservient  to  this  func- 
tion; it  is  composed  of  tendinous  fibres 
interwoven  together,  and  of  an  albumin- 
ous substance  contained  in  their  inter- 
stices, so  as  to  bear  a  close  analogy  with 
the  cellular  partitions  iu  the  special 
organs  of  the  Torpedo  and  Gymnotus.- 

The  organs  of  the  other  Fishes  said  to  cartiinKe  of'  cranium •  m"r."8piniil  cord • 
be  electrical,  have   not  yet  come  under    "»  nerves  to  the  pectoral  fins;  «/,  lateral 

the  notice  of  any  anatomist.  ^;:Z.:Ul:L)'t'^''^:Z  ^^^ 

464.  In  all  these  instances,  the  Elec-  o,  eye. 
trical  Organs  are  supplied  with  Nerves 

of  very  great  size,  larger  than  any  others  in  the  same  animals,  and  larger 
than  any  nerve  in  other  animals  of  like  bulk.  They  all  arise  in  the  Torpedo 
from  a  ganglionic  mass  situated  behind  the  Cerebellum,  and  connected  with 
the  Medulla  Oblongata,  to  which  the  name  of  ''  electric  lobe"  has  l>een  given ; 
the  first  two  of  them  issue  from  the  cranium  in  close  proximity  with  the  5th 
pair,  and  have  been  regarded  as  belonging  to  it,  although  their  real  origin 
is  different;  whilst,  from  the  distribution  of  the  third  electrical  nerve  to  the 
stomaeh,  after  sending  its  principal  portion  to  the  electrical  organ,  it  would 

seem  analogous  to  the  8th  pair  or  pneumogastric  (Fig.  190,  n/>) The 

electrical  nerves  in  the  Gymnoim  are  believed  to  arise  from  the  spinal  mar- 
row alone ;  while  those  of  the  Silurus  arc  partly  intercostals  and  partly  be- 
loDg  to  the  5th  pair. — ^Thc  integrity  of  the  nerves  is  essential  to  the  full 
action  of  the  electrical  organs.  If  all  the  trunks  be  cut  on  one  side,  the 
power  of  that  organ  will  be  destroyed,  but  that  of  the  other  may  remain 
nninjured.  If  the  nerves  be  partially  destroyed  on  either  or  both  sides,  the 
power  is  retained  by  the  portion  of  the  organs  still  in  connection  with  the 
centres.  The  same  effects  are  produced  by  tying  the  nerves,  as  by  cutting 
them.  Even  slices  of  the  organ  entirely  separated  from  the  body,  except 
bj  a  nervous  fibre,  may  exhibit  electrical  pro))crtie6.  Discharges  may  be 
excited  by  irritation  of  the  brain  when  the  nerves  are  entire,  or  of  the 
part  of  the  divided  trunk  distributed  on  the  organ ;  but  on  destroying  the 
"  electric  lobe"  of  the  brain,  the  electric  power  of  the  animal  ceases  entirely. 


Klcctrical    Apparatus   of  Torpftjio: — 6, 
hrnnchio};  r,  brnin;  e,  electric  or};an;  .7, 
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althoujirh  all  the  other  ganj^l ionic  centres  may  be  removed  without  impairing 
it.  It  is  remarkable,  however,  that,  after  the  section  of  the  electrical  nerves, 
Torpedos  appear  more  lively  than  before  the  operation,  and  actually  live 
longer  than  others,  not  so  injured,  which  are  excited  to  discharge  frequently. 
Poisons  which  act  violently  on  the  nervous  system,  have  a  striking  effect 
upon  the  electrical  manifestations  of  these  fish ;  thus,  two  graius  of  muriate 
of  Morphia  were  found  by  Matteucci  to  produce  death  after  about  ten  mi- 
nutes, during  which  time  the  discharges  were  very  numerous  and  powerful; 
and  Strychnia  also  excited  powerful  discharges  at  first,  succeeded  by  weaker 
ones,  the  animals  dying  in  violent  convulsions.  When  the  animals  were 
under  the  influence  of  strychnia,  it  was  observed  that  the  slightest  irritation 
occasioned  discharges;  a  blow  given  to  the  table  on  which  the  animal  was 
placed  being  sufficient  to  produce  this  effect.  If  the  spinal  cord  were  di- 
vided, however,  no  irritation  of  the  parts  situated  below  the  section  called 
forth  a  shock.  It  has  also  been  ascertained  by  Matteucci  that  the  electric 
power  is  suspended  when  the  torpedo  is  plunged  into  water  at  32^,  and  is 
recovered  again  when  it  is  immersed  in  water  of  a  temperature  from  58^  to 
fiO^ ;  and  that  this  alternation  may  be  repeated  several  times  upon  the  same 
fish.  But  if  the  temperature  be  raised  to  86^,  the  Torpedo  soon  ceases  to 
live,  and  dies  while  giving  a  great  number  of  violent  discharges.* 

405.  From  all  these  facts  it  seems  an  almost  unavoidable  inference,  that 
the  Electric  force  is  developed  in  the  electric  organ,  by  a  disturbance  of  its 
equilibrium  consequent  upon  Nervous  Agency.  Snch  a  disturbance  may 
be  conceived  to  take  place  in  every  one  of  those  minute  cells,  into  which 
the  prism  is  divided  by  transverse  partitions ;  the  two  electricities  (to  use 
the  current  phra.^^eology)  being  sejiarated  by  nervous  agency,  as  they  are  in 
the  tourmaline  by  heat.  Now  by  the  multiplication  of  such  cells  in  each 
prism,  a  "pile"  would  be  produced,  at  the  two  extremes  of  which  the 
greatest  differences  in  the  electric  condition  would  be  found;  and  thetntoi- 
sity  of  the  discharge  would  thus  depend  upon  the  number  of  elements  in  the 
pile,  while  its  quantity  would  be  proportional  to  the  multiplication  of  the 
separate  prisms.  This  is  precisely  what  holds  good  in  nature;  for  the 
electric  discharge  of  the  G\nunotus  is  far  more  intense  than  that  of  the 
Toq)edo,  as  might  be  ex]>ected  from  the  multiplication  of  its  cells ;  bo  that, 
according  to  Prof.  Faraday,  a  single  medium  discharge  from  this  aninu^ 
gives  a  shock  equal  to  that  of  a  battery  of  fifteen  Leyden  jars,  containiDg 
3,500  square  inches,  charged  to  its  highest  degree. — Further  CTidenee  that 
the  force  which  enables  the  Electric  Fishes  to  give  sensible  manifestatiooi 
of  Electricity,  is  the  same  as  that  which  excites  Contraction  when  trans- 
mitted to  the  Muscles,  is  derived  from  the  close  conformity  between  the 
conditions  under  which  the  two  phenomena  respectively  occur.  The  con- 
nection of  the  organs  specially  appropriated  to  each  of  these  actions,  with 
the  Nervous  system,  the  dependence  of  their  functions  upon  the  integrity  rf 
this  connection  and  upon  the  will  of  the  animal,  the  influence  of  stimulatioD 
applied  to  the  nervous  centres  or  trunks,  the  effect  of  ligature  or  section  rf 
the  nerve,  and  the  results  of  poisonous  agents,  are  all  so  remarkably  an*- 
logons  in  the  two  cases,  that  it  seems  scarcely  possible  to  refuse  assent  to 
the  i)roposition,  that  the  Nervous  power  is  the  agent  which  is  instruroeBti] 
in  producing  both  sots  of  phenomena.  Still,  however,  no  proof  whatever 
oan  be  derivi'd  from  this  source,  of  the  identity  of  Nervous  influence  with 
any  form  of  Electricity ;  since  all  that  can  be  inferred  from  it  is,  that  tf, 

*  Sco  Prof.  Mnttcuoci'n  *'  Lectures  on  the  Physical  Phenomena  of  living  Beings," 
{Am,  Ed.)  p.  21G. 
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by  the  inflacnce  of  the  Nen'ous  system  on  one  class  of  organs,  sensible 
Contraction  is  prodaced,  so  by  its  influence  on  another  class  of  organs, 
Electricity  is  generated.  On  the  other  hand,  all  the  experiments  of  Prof. 
Matteucci  confirm  the  conclusion  based  on  other  grounds,  that  the  two 
forces  are  not  identical,  but  that  they  are  **  correlated,"  each  being  able  to 
generate  the  other.* 

4GG.  Regarding  the  uses  of  the  Electrical  organs  to  the  animals  possess- 
ing them,  no  very  certain  information  can  be  given.  It  is  doubtful  to  what 
extent  their  power  is  subservient  to  the  prehension  of  food,  which  was  once 
supposed  to  have  been  their  principal  object ;  since  it  is  known  that  the 
Gymnotus  eats  very  few  of  the  fishes  which  it  kills  by  its  discharge ;  and 
young  Torpedos  kept  by  Dr.  Davy  for  five  months  ate  nothing,  though 
supplied  with  small  fishes  both  dead  and  alive,  but  nevertheless  increased 
in  strength  and  in  electrical  energy.  The  electric  power  of  young  Torpedos 
is  much  less  exhaustible  than  that  of  the  adults ;  this  is  readily  accounted 
for  by  the  fact  of  the  greater  energy  of  the  vital  processes  in  young  than 
in  old  animals.  Dr.  D.  experienced  shocks  from  foetal  fish,  which  he  was 
removing  from  the  abdomen  of  the  parent.  He  believes  that  the  electric 
action  may  assist  the  function  of  respiration,  by  decomposing  the  water  in 
the  neighborhood  of  the  gills,  when  the  animal,  being  buried  in  sand  or 
mud,  might  be  unable  to  obtain  the  requisite  sup])ly  of  oxygen  in  the  ordi- 
nary way ;  but  its  chief  use  he  considers  to  be  to  guard  the  fish  from  its 
enemies.  Another  function,  however,  may  not  improperly  be  influenced  by 
it — ^that  of  Digestion ;  and  this  in  two  ways.  It  is  well  known  that  the 
vital  properties  of  living  tissues  are  so  completely  destroyed  by  a  violent 
electric  discharge,  that  they  are  disposed  to  pass  more  readily  than  in  other 
cases  into  decomposition,  the  incipient  stage  of  which  is  favorable  to  diges- 
tion ;  the  shortness  of  the  intestinal  canal  of  the  Torpedo  would  seem  to 
render  some  assistance  of  this  kind  peculiarly  necessary.  The  process  of 
digestion  may  also  be  aided  by  the  continued  action  of  electricity  through 
the  nerves  of  the  stomach,  which  have  been  mentioned  to  be  peculiarly 
connected  in  the  Torpedo  with  those  of  the  Electrical  organs ;  a  supposi- 
tion which  derives  some  support  from  the  fact  mentioned  by  Dr.  Davy,  that 
digestion  api)eared  to  be  arrested  in  an  individual  which  had  been  exhausted 
by  frequent  excitement  to  discharge  itself;  it  should  be  kept  in  view,  how- 
ever, that  the  general  depression  of  the  vital  powers  may  have  been  the 
cause  of  the  check  put  to  the  y)roces6."  It  is  not  impossible,  as  Dr.  lloget 
has  suggested,  that  the  electrical  organs  may  communicate  to  the  fish  per- 
ceptions of  electrical  states  and  clianges  in  the  surrounding  bodies  (very 
different  from  any  that  we  can  feel),  in  the  same  way  as  other  organs  of 
sense  convey  perceptions  with  regard  to  light  and  sound,* 

>  See  the  Author's  Memoir  *'  On  the  Mutual  Relations  of  the  Vital  and  Physical 
Fofoes,"  in  "Philos.  Tnnsnct."  1860. 

*  See  Dr.  J.  Dary's  "  Experiments  and  Observations  on  the  Torpedo"  in  **  Philos. 
Trans.,*'  18^2,  and  '*  Researches,  Physiologicnl  and  Anatoniicnl." 

*  For  some  curious  instances  of  an  unusual  development  of  Electricity  in  the  Human 
Sabject,  see  the  Author's  Human  Physiology,"  (5th  Jm.  £d )  i  678. 
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CHAPTER   XI. 

OF  GENERATION  AND  DEVELOPMENT. 

1.   General  Considerations. 

467.  If  the  changes  which  Living  Beings  undergo  dnring  the  period  of 
their  existence,  and  the  termination  of  that  existence  by  the  separation  of 
their  elements  at  a  period  more  or  less  remote  from  their  first  combination, 
be  regarded  as  distinguishing  them  in  a  striking  and  evident  manner  from 
the  masses  of  Inert  Matter  which  surround  them,  still  more  is  their  diffid- 
ence manifested  in  that  series  of  processes,  which  constitute  the  function  of 
Generation,  A  very  unnecessary  degree  of  mystery  has  been  spread  around 
the  exercise  of  this  function,  not  only  by  geheral  inquirers,  but  by  scientific 
physiologists.  It  has  been  regarded  as  a  process  never  to  be  comprehended 
by  man,  of  which  the  nature  and  the  laws  are  alike  inscrutable.  A  fair 
comparison  of  it,  however,  with  other  functions,  will  show  that  it  is  not  in 
reality  less  comprehensible  or  more  recondite  than  any  one  of  them ; — that 
our  acquaintance  with  each  depends  upon  the  facility  with  which  it  may  be 
submitted  to  investigation  ; — and  that,  if  properly  inquired  into  by  an  ex- 
tensive survey  of  the  animated  world,  the  real  character  of  the  process,  its 
conditions,  and  its  mode  of  operation,  may  be  understood  as  completely  as 
those  of  any  other  vital  phenomenon. 

468.  It  may  be  considered  fis  a  fundamental  truth  of  Physiological 
Science,  that  every  living  organism  has  had  its  origin  in  d  pre-existing 
organism.     The  doctrine  of  "spontaneous  generation,"  or  the  supposed 
origination  of  Organized  structures,  de  novo,  out  of  assembli^es  of  In- 
organic particles,  although  at  different  times  sustained  with  a  considerabk 
show  of  argument,  based  on  «  specious  array  of  facts,  cannot  now  be 
said  to  have  any  claim  whatever  to  be  received  as  even  a  possible  hypothe* 
sis ;  all  the  facts  on  which  it  claimed  to  rest  having  either  been  themselTes 
disproved,  or  having  been  found  satisfactorily  explicable  on  the  general 
principle  omne  vivum  ex  ovo.     Thus,  the  appearance  of  Animalcules  in 
infusions  of  decaying  organic  matter,  the  springing  up  of  Fungi  in  spots 
to  which  it  would  not  have  been  supposed  that  their  germs  could  have  been 
convoyed,  the  occurrence  of  Entozoa  in  the  bodies  of  various  animals  iato 
which  it  seemed  almost  beyond  possibility  that  their  eggs  could  have  beei 
introduced,  with  other  facts  of  a  like  nature,  may  now  be  accounted  for, 
without  any  violation  of  probability,  by  our  increased  knowledge^  of  tb 
mode  in  which  these  organisms  are  propagated.     For  it  is  now  well  utet- 
tuinod,  that  the  germs  of  Fungi  and  of  manj'  kinds  of  Animalcnles  are  dtf- 
fuscd  through  tho  atmosphere,  and  are  conveyed  by  its  movements  in  engj 
dirootion:  and  if  to  dei'omposing  substances,  of  a  kind  that  would  other- 
wise hnvo  boon  most  abundantly  peopled  by  these  organisms,  such  air  onij 
bo  allowed  to  have  atn^oss  aa  has  been  deprived  of  its  organic  germs  bj 
filtration  (so  to  spoak)  through  a  redhot  tube  or  through  strong  sulphuric 
noiil,  no  living  organisms  will  make  their  appearance  in  them;  whilst,  in  a 
few  liourn  after  tho  oxposun'  of  the  very  same  substances  to  ordinary  atno- 
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spheric  air,  it  is  found  to  be  crowded  with  life.*  And  when  it  is  borne  in 
mind  in  the  case  of  the  Entozoa,  that  the  members  of  this  class  arc  remark- 
able for  the  immense  number  of  eggs  which  most  of  them  produce,  for  the 
metamorphoses  which  many  of  them  are  known  to  undergo,  and  for  the 
varieties  of  form  under  which  there  is  reason  to  suspect  that  the  same  germs 
may  develop  themselves,  it  becomes  obvious  that  no  adequate  proof  has 
yet  been  afforded  that  they  have  been,  in  any  particular  case,  otherwise 

than  the  products  of  a  pre-existing  living  organism This,  again,  is  the 

conclusion  to  which  all  the  most  general  doctrines  of  Physiology  necessarily 
conduct  us.  For  it  is  most  certain  that  we  know  nothing  of  Vital  Force, 
save  as  manifested  through  Organized  structures;  whilst,  on  the  other  hand, 
the  combination  of  Inorganic  matter  into  Organized  structures  is  one  of 
the  most  characteristic  ojierations  of  Vital  Force ;  hence,  it  is  scarcely  con- 
ceivable that  any  operation  of  Physical  Forces  upon  Inorganic  matter 
should  evolve  a  living  Organism.  Nor  is  such  a  conception  rendered  more 
feasible  by  the  admission  that  Vital  Force  stands  in  such  a  relation  to  the 
Physical  Forces,  that  we  nmy  regard  the  former  as  a  manifestation  of  the 
latter,  when  acting  through  Organized  structures ;  since,  according  to  this 
yiew  also,  no  Vital  force  can  be  manifested,  and  no  Organization  can  take 
place,  except  through  a  pre-existing  Organism (See  General  Physio- 
logy.) 

469.  It  may  be  further  considered  as  an  established  Physiological  truth, 
that,  when  placed  under  circumstances  favorable  to  its  complete  evolution, 
every  germ  will  develop  itself  into  the  likeness  of  its  parent ;  drawing  into 
itself,  and  appropriating  by  its  own  assimilative  and  formative  operations, 
the  nutrient  materials  supplied  to  it;  and  repeating  the  entire  series  of 
phases  through  which  its  parent  may  have  passed,  however  multiform  these 
may  be."  Now  the  germs  of  all  tribes  of  Plants  and  Animals  whatever, 
bear  an  extremely  close  relation  to  each  other  in  their  earliest  condition ; 
so  that  there  is  no  ai>preciable  distinction  amongst  them,  which  would 
enable  it  to  be  determined  whether  a  particular  molecule  is  the  germ  of  a 
Conferva  or  of  an  Oak,  of  a  Zoophyte  or  of  a  Man.  But  let  each  be  placed 
in  the  conditions  it  requires;  and  a  gradual  evolution  of  the  germ  into  a 
complex  fabric  will  take  place,  the  more  general  characters  of  the  new 
organism  preceding  the  more  special,  a»  already  explained  (§§  73,  74). 
These  conditions  are  not  different  in  kind  from  those  which  arc  essential  to 
the  process  of  Nutrition  in  the  adult ;  for  they  consist,  on  the  one  hand,  in 
a  due  supply  of  Aliment  in  the  condition  in  which  it  can  be  appropriated ; 
and,  on  the  other  hand,  in  the  operation  of  certain  external  agencies,  espe- 
cially Heat  which  seems  to  supply  the/orce  re(|uisite  for  the  developmental 
process  (§  342).  Now  although  we  may  not  be  able  to  discern  any  such 
ostensible  differences  in  the  germs  of  different  orders  of  living  beings,  as 
can  enable  us  to  discriminate  them  one  from  another,  yet,  seeing  so  marked 
a  diversity  in  their  operations  under  circumstances  essentially  the  same,  we 
cannot  do  otherwise  than  attribute  to  them  distinct  properties :  and  it  will 
be  convenient  to  adopt  the  phrase  germinal  capacity  as  a  comprehensive 
expression  of  that  peculiar  endowment,  in  virtue  of  which  each  germ  deve- 
Jops  itself  into  a  structure  of  its  own  specific  type,  when  the  requisite 
forces  are  brought  to  bear  upon  it,  and  the  requisite  materials  are  supplied 

I  See  the  experiments  of  Schulze,  in  the  <*Edinb.  New  Phil.  Journ.''  1837,  p.  1C6. 

*  The  apparent  exceptions  to  this  rule,  which  have  been  brought  together  under  the 
eolleotive  term  *'  Alternation  of  Generations,"  will  be  presently  considered,  and  will  be 
shown  to  be  only  exceptional  when  misinterpreted  ({  478). 
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to  it.*  Thus,  then,  every  act  of  Development  may  be  considered  as  due  to 
the  force  supplied  by  Heat  or  some  other  physical  agency,  which,  operating 
through  the  Organic  germ,  exerts  itself  as  formative  power;  whilst  the 
mode  in  which  it  takes  effect  is  dependent  upon  the  properties  or  endow- 
ments of  the  substances  through  which  it  acts,  namely,  the  germ  on  the  one 
hand,  the  alimentary  materials  on  the  other — just  as  an  Electric  current, 
transmitted  through  the  different  nerves  of  sense,  produces  the  sensory  im- 
pressions whicli  are  characteristic  of  each  respectively;  or,  as  the  same 
^•urrent,  transmitted  through  one  form  of  Inorganic  matter,  produces  Light 
and  Ileat ;  through  another,  Chemical  change ;  or  thi'ough  another,  liiag- 
netism. 

470.  In  the  development  of  any  living  being,  therefore,  from  its  primor- 
dial germ,  we  have  three  sets  of  conditions  to  study; — ^namely, ^r*/,  the 
physical  forces  which  are  in  operation ;  second,  the  properties  of  the  germ, 
which  these  forces  call  into  activity ;  and  third,  the  properties  of  the  ali- 
mentary materials,  which  are  incorporated  in  the  organism  during  its  deve- 
lopment. There  is  evidence  that  each  of  these  may  have  a  considerable 
influence  on  the  result ;  but  in  the  higher  organisms  it  would  seem  that  the 
second  is  more  dominant  than  it  is  in  the  lower.  For  among  many  of  the 
lower  tribes,  both  of  Plants  and  Animals,  there  is  reason  to  believe  that 
the  range  of  departure  from  the  characters  of  \X&  parent,  which  the  organ- 
ism may  present  is  considerably  greater  than  that  of  the  higher ;  and  that 
this  is  chiefly  due  to  the  extcnial  conditions  under  which  it  has  been  deve- 
loped. Tlie  forms  of  a  number  of  species  of  the  lower  Fungi,  for  example, 
appear  to  be  in  great  part  dependent  on  the  nature  of  their  aliment  (§  26, 
note) ;  so  among  the  Eutozoa,  it  is  now  fully  established  that  those  which 
were  formerly  distinguished  as  Cystica,  are  only  Cestoidea,  that  are  prevented 
by  the  circumstances  under  which  they  exist  from  attaining  their  full  deve- 
lopment (§  670) ;  and  the  production  of  a  fertile  '*  queen"  or  of  an  imper- 
fect **  worker,"  among  the  Hive-bees,  appears  to  be  entirely  determined  by 
the  food  with  which  the  larva  is  supplied  (§  119).  No  such  variations  have 
been  observed  among  the  higher  classes ;  in  which  it  would  seem  as  if  the 
form  attained  by  each  germ  is  more  rigidly  determined  by  it«  own  endow- 
ments; a  modification  in  the  other  conditions,  which  in  the  lower  tribes 
would  considerably  affect  the  result,  being  in  them  unproductive  of  any 
corresponding  change.  For  if  such  modification  bo  considerable,  the 
organism  is  unable  to  adapt  itself  to  it,  and  consequently  either  perishes  or 
is  imperfectly  developed ;  whilst,  if  it  be  less  potent,  it  produces  no  obvious 
effect.  Thus,  a  deficiency  of  Food  in  the  growing  state  of  the  higher  Ani- 
mal, will  necessarily  prevent  the  attainment  of  the  full  size;  but  it  will  not 
exert  that  influence  on  the  relative  development  of  different  parts  which  it 
does  among  plants  (in  which  it  favors  the  production  of  flowers  and  fruit 
in  place  of  leaves,  §  92),  or  which  it  seems  to  exercise  in  several  parallel 
cases  among  Animals  (§  118).  So,  again,  a  deficiency  of  Heat  may  slightly 
retard  the  development  of  the  Chick ;  but  if  the  egg  be  allowed  to  remaii 

>  This  term  is  preferred  to  thnt  of  **  germ-power,"  suggested  by  Mr.  Paget,  beeaast 
the  latter  seems  to  imply  that  the  force  of  development  exists  in  the  germ  itaelf.  No* 
if  this  were  true,  not  only  must  the  whole  formative  power  of  the  adult  have  been  po^ 
sessed  by  its  first  ccll-gcrm,  but  the  whole  formative  power  of  all  the  beings  simulta- 
neously belonging  to  any  one  race,  must  have  been  concentrated  in  the  first  cell-gem 
of  their  original  progenitor.  This  seems  a  redaefio  ad  absurdum  of  any  such  doctrine; 
and  we  are  driven  back  on  the  assumption  (which  all  observation  co^miB},  that  tkt 
foru  of  development  is  derived  from  external  agencies. 
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long  without  the  requisite  wannth,  the  embryo  dies,  instead  of  passing  into 
a  state  of  inactivity  like  that  of  Reptiles  or  Insects. 

471.  The  extent,  indeed,  to  which  these  external  conditions  may  affect 
the  development  of  the  inferior  organisms  must  not  be  in  the  least  judged 
of  by  that  to  which  their  operation  is  restricted  in  the  higher ;  and  it  is 
probable  that  we  have  yet  much  to  learn  on  the  subject.  At  present,  it  may 
be  stated  as  a  problem  for  determination,  whether,  from  a  being  of  superior 
organization,  lower  forms  of  living  structure,  capable  of  maintaining  an 
independent  existence,  and  of  propagating  their  kind,  can  ever  originate, 
by  an  imperfect  action  of  its  formative  powers  (§  566).  Various  morbid 
growths,  such  as  Cancer-cells,  to  which  the  higher  organisms  are  liable, 
have  been  looked  upon  in  this  light :  these  have  certainly  a  powerful  vitality 
of  their  own,  which  enables  them  to  increase  and  multiply  at  the  expense 
of  the  organism  which  they  infest ;  and  they  have  also  an  energetic  repro- 
ductive power,  by  which  they  can  propagate  their  kind,  so  as  to  transmit 
the  disease  to  other  organisms,  or  to  remote  parts  of  the  same  organism : 
but  such  growths  are  not  independent;  they  cannot  maintain  their  own  ex- 
istence, when  detached  from  the  organism  in  which  they  are  developed ;  and 
they  have  not,  therefore,  the  attribute  of  a  separate  individuality.  Various 
phenomena,  hereafter  to  be  detailed,  however,  respecting  the  **  gemmipar- 
ous"  production  of  living  beings,  when  taken  in  connection  with  that  just 
cited,  seem  to  render  it  by  no  means  impossible  that  the  individualization 
may  be  more  complete  in  other  cases,  so  that  independent  beings  of  a 
lower  type  may  possibly  originate  in  a  perverted  condition  of  the  formative 
operations  in  the  higher.  But  no  satisfhctory  evidence  has  ever  been  afforded 
by  experience,  that  such  '* equivocal  generations  has  actually  taken  place;* 
and  its  possibility  is  here  alluded  to,  only  as  a  contingency  which  it  is  right 
to  keep  in  view.  That  no  higher  type  has  ever  originated  through  an  ad- 
vance in  developmental  power,  may  be  safely  asserted ;  for,  although  various 
instances  have  been  brought  forward  to  justify  the  assertion  that  such  is 
possible,  yet  these  instances  entirely  fail  to  establish  the  analogy  that  is 
sought  to  be  drawn  from  them.' 

'  A  large  nnmber  of  cases  of  thin  kind  are  enumerated  by  M.  le  Dr.  Gros,  in  his 
"Noto  sur  la  G^n^ration  Spontonde  et  TEmbryog^nie  Ascendante/*  in  **  Ann.  des  Sci. 
Nat,"  8*  S^r.,  Zool.,  torn.  xvii.  p.  198;  but  no  satisfactory  evidence  is  given  by  him 
in  regard  to  any  one  of  these. 

*  Thus,  the  Author  of  the  "  Vostipjos  of  the  Natural  History  of  Creation"  refers  to 
the  various  modifications  which  have  taken  phice  in  our  cultivated  Plants  and  domcsti- 
eated  Animals,  in  proof  that  such  elevation  is  possible ;  quite  overlooking  the  fact  that 
these  external  influences  merely  modify  the  development,  without  devating  it,  and  that 
these  races,  if  left  to  themselves,  speedily  revert  «to  their  common  specific  type.  And 
he  adduces  the  phenomena  of  metamorphosis — the  transformation  of  the  worm-like 
lanra  into  an  Insect,  and  of  a  Fish-like  tadpole  into  a  Frf>g — as  giving  some  analogical 
Muictlon  to  the  same  doctrine;  totally  overlooking  the  fact  that  these  transformations 
•re  only  part  of  the  ordinary  developmental  process,  by  which  the  complete  form  of  the 

ries  is  evolved,  instead  of  being  transitions  frum  the  perfected  type  of  one  class  to 
perfected  type  of  one  above  it.  So,  again,  he  quotes  the  transformation  of  tho 
worker-grab  of*the  Hive-Bee,  into  the  fertile  Queen,  as  an  example  of  a  similar  ad- 
Tanee;  without  regarding  the  circumstance  that  the  worker  is  ^«^rAira%  higher  (accord- 
ing to  human  ideas,  at  least,.)  than  tho  queen,  whose  instincts  appear  limited  to  tho  per- 
formance of  her  sexual  functions:  and  that  the  utmost  which  the  fact  is  capable  of 
proving  is,  that  the  same  germ  may  be  developed  into  two  different  forms,  according  to 
the  circumstance  of  its  early  growth.  It  must  always  be  borne  in  mind  that  the  cha- 
racter of  a  species,  to  be  complete,  should  include  all  its  forms,  perfect  and  imperfect, 
modified  and  unmodified;  since  in  this  mode  alone  can  that  "capacity  for  variation"  be 
determined,  which  is  so  remarkable  a  fenture  in  m>Lny  cases,  and  which  specially  dis- 
tiflguishcs  the  races  of  plants  and  animals  that  have  been  subjected  to  human  inflaenot. 
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472.  The  developmental  power  which  each  germ  possesses,  under  the 
conditions  just  now  detailed,  is  primarily  manifested  in  the  evoiutian  of  the 
germ  into  its  complete  specific  type,  in  the  maintenance  of  its  perfect  form, 
and,  within  certain  limits,  by  the  reproduction  of  parts  that  have  been 
destroyed  by  injury  or  disease.  Whatever  may  be  the  variety  of  forms 
which  any  orp^auism  presents  at  different  phases  of  its  existence,  these 
always  occur  in  a  regular  series,  each  term  of  which  may  be  considered  as 
preparatory  to  the  next.  In  most  instances,  the  earlier  forms  are  so  obvi- 
ously incomplete,  that  their  embryonic  nature  is  very  plain ;  and  the  spe- 
cific type  may  be  considered  to  be  represented  by  the  fally  developed 
organism,  in  which  the  process  of  evolution  culminates.  But  we  shall  meet 
with  certain  cases,  in  which  the  earlier  forms  have  so  many  of  the  attributes 
of  fully  developed  organisms,  that  their  incompleteness  would  scarcely  be 
suspected,  save  from  the  want  of  the  true  Generative  apparatus,  which  is 
usually  the  last  set  of  organs  to  be  evolved ;  and  it  is  impossible,  in  some 
of  these,  to  single  out  any  particular  phase  as  that  which  shall  be  accounted 
the  specific  type,  the  last  or  culminating  phase  being  often  marked  by  the 
deficiency  of  organs  of  great  importance,  which  were  present  in  the  earlier 
forms.  There  is  always  a  period,  however,  at  which  the  developmental 
power  may  be  said  to  be  expended ;  and  to  this  succeeds,  in  the  first  in- 
stance, a  stage  wherein  the  condition  last  attained  is  preserved  for  a  while, 
after  which  degeneration  and  decay  supervene. — The  reproduction  of  parts 
that  have  been  lost  or  destroyed,  as  Mr.  Paget  has  pointed  out,^  differs 
from  the  ordinary  process  of  nutrition  in  this,  that  "in  grave  injuries  and 
diseases,  the  parts  that  might  serve  fis  models  for  the  new  materials  to  be 
assimilated  to,  or  as  tissue-germs  to  develop  new  structures,  are  lost  or 
spoiled ;  yet  the  effects  of  such  injury  and  disease  are  recovered  from,  and 
the  right  specific  form  and  composition  are  retained ;"  and,  again,  "  that 
the  reproduced  parts  are  formed,  not  according  to  any  present  model,  but 
according  to  the  appropriate  specific  form,  and  often  with  a  more  strikingly 
evident  design  towards  that  form,  as  an  end  or  purpose,  than  we  can  discern 
in  the  natural  construction  of  the  body."  In  the  reproduction  of  the  leg  of 
a  full  grown  Salamander  after  amputation,  which  was  observed  to  take  place 
by  Spallanzani,  it  is  clear  that  whilst  the  process  was  from  the  first  of  a  na- 
ture essentially  similar  to  that  by  which  its  original  development  took  place, 
it  tended  to  produce,  not  the  leg  of  a  larva,  but  that  of  an  adult  animal. 
Hence,  it  is  obvious  that,  through  the  whole  of  life,  the  formative  processes 
are  so  directed,  as  to  maintain  the  perfection  of  the  organism,  by  keeping 
it  up,  so  far  as  possible,  to  the  model  or  archetype  that  is  proper  to  the 
epoch  of  its  life  which  it  has  attained. 

473.  The  amount  of  this  Regenerating  power,  however,  varies  greatly 
in  different  classes  of  organized  beings,  and  at  different  stages  of  the  exist- 
ence of  the  same  being ;  and,  as  Mr.  Paget  has  remarked  (foe.  cit),  it 
seems  to  bear  an  inverse  ratio  to  the  degree  of  development  which  has  pre- 
viously taken  place  in  each  case.  Thus,  it  is  greatest  in  the  Yegetabk 
kingdom,  and  in  the  Zoophytic  tribes  of  Animals  which  mo^t  closely  co^ 
respond  with  it  in  the  general  homogeneousness  of  their  structure  and  in 
the  vegetative  repetition  of  their  organs.  The  Hydra  and  Aetima  have 
been  especially  made  the  subjects  of  experiment ;  and  by  the  snbdivisioD 
(by  Trembley)  of  one  individual  of  the  former,  no  fewer  than  fifty  were 

In  no  instance  has  this  yariation  tended  to  confuse  the  limits  of  well-Moertained  species; 
it  has  merely  increased  our  acqaaintance  with  the  number  of  diversified  fonna  into  wiiicli 
similar  germs  may  develop  themselves. 

'  **  Lectures  on  Surgical  Pathology,"  (Am,  Ed,)  p.  107. 
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prodnced.  In  this,  as  probably  in  all  the  cases  in  which  new  individuals 
have  been  obtained  by  artificial  subdivision,  there  is  some  natural  tendency 
to  their  production  by  the  vegetative  process  of  gemmation  (§  534) ;  such, 
however,  does  not  always  manifest  itself.  It  is  a  curious  fact  that  the  first 
attempt  at  regeneration,  in  some  of  these  cases,  is  not  always  complete ; 
but  that  successive  efforts  are  made,  each  of  which  approximates  more  and 
more  closely  to  the  perfect  type.  This  was  well  seen  in  one  of  Sir  J.  G. 
Dalyell's  experiments ;  for  he  observed  that,  having  broken  the  stem  of  a 
Tuhxilaria  (a  Hydroid  Zoophyte),  after  the  natural  fall  of  its  head,  an 
imperfect  head  was  at  first  produced,  which  soon  fell  off,  and  was  succeeded 
by  another  more  fully  formed ;  this  in  its  turn  was  succeeded  by  another ; 
and  so  on,  until  the  fifth  head  was  produced,  which  was  as  complete  as 
the  original.*  Of  the  reparative  power  of  the  Acalephcs^  nothing  whatever 
is  known ;  but  their  Zoophytic  relations,  and  the  tendency  which  many  of 
them  exhibit  to  multiply  by  gemmation,  make  it  almost  certain  that  they 
must  possess  a  large  measure  of  this  regenerative  capacity.  Notwithstanding 
the  rank  which  the  Echinodermata  possess,  as  the  highest  among  Radiated 
animals,  yet  in  point  of  development  they  still  rank  low ;  their  bodies  being 
made  up  in  a  great  degree  of  a  repetition  of  similar  parts  (§  19).  Thus, 
among  Star-fishes  we  find  that  one,  two,  or  more  of  the  "rays"  may  be 
removed  without  the  destruction  of  life,  and  that  they  are  gradually  rege- 
nerated ;  this  not  taking  place,  however,  unless  the  central  disk  be  preserved. 
Certain  of  the  Holothuriada  occasionally  eject  the  entire  visceral  mass 
under  the  influence  of  alarm  ;  yet  they  continue  to  move  about  as  if  nothing 
had  happened ;  and,  under  favorable  circumstances  (as  appears  from  the 
observations  of  Sir  J.  G.  Dalyell),  they  regenerate  the  whole  of  the  digest- 
ive and  generative  apparatus  thus  parted  with." 

474.  Next  to  Zoophytes,  there  are  no  animals  in  which  the  regenerative 
power  is  known  to  be  so  strong  as  it  is  in  the  lower  Articulata,  such  as 
the  Cestoid  and  Trematoid  Entozoa,  the  inferior  Annelida,  and  the  TurheU 
laria  (of  which  the  Planarise  are  examples)  which  closely  approximate  to 
the  latter  of  these  groups ;  and  here,  again,  we  see  that  a  low  grade  of 
general  development  is  favorable  to  \ts  exercise,  and  that  the  spontaneous 
multiplication  which  occasionally  takes  place  in  these  animals  by  fission  or 
gemmation,  is  only  another  form  of  the  same  process.  In  the  higher  forms 
of  both  these  sub-kingdoms,  as  we  no  longer  meet  with  multiplication  by 
gemmation,  so  do  we  find  that  the  reparative  power  is  much  more  limited ; 
the  only  manifestation  of  it  among  the  fully  formed  Arachnida  and  Crvs- 
taeea  being  the  reproduction  of  limbs,  and  the  power  of  affecting  even  this 
being  usually  deficient  in  perfect  Insects.  The  inquiries  of  Mr.  Newport, 
however,  upon  the  reproductive  powers  of  Myriapods  and  Insects,  in  diffe- 
rent stages  of  their  development,'  confirm  the  general  principle  already 
stated ;  for  he  has  ascertained  that  in  their  larval  condition.  Insects  can 
uBoally  reproduce  limbs  or  antennas;  and  that  Myriapods,  whose  highest 
development  scarcely  carries  them  beyond  the  larvee  of  perfect  insects, 
can  regenerate  limbs  or  antennae,  up  to  the  time  of  their  last  moult,  when, 
their  normal  development  being  completed,  the  regenerative  power  seems 
entirely  expended.  The  PhasmidtB  and  some  other  Insects  of  the  order 
Orthoptera  retain  a  similar  degree  of  this  power  in  their  perfect  state ;  but 

'  '*  Rare  and  Remarkable  Animals  of  Scotland,"  toI.  i.  p.  28. 

«See  Prof.  E.  Forbes's  "British  Starfishes,"  p.  19*J;  and  Sir  J.  G.  Dalyell's  "Pow- 
ers of  the  Creator  displayed  in  the  Creation,"  vol.  i.  chap.  i. 
a  Mpiiiioiophical  Transactions,"  1844. 
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these  are  remarkable  for  the  similarity  of  their  larval  and  imago  states, 
the  latter  being  attained,  as  in  Arachnida,  by  a  direct  coarse  of  develop- 
ment, without  anything  that  can  be  called  a  "metamorphosis." — Little  is 
known  of  the  regenerative  power  in  the  higher  Mollnsca ;  but  it  has  been 
affirmed  that  the  head  of  the  Snail  may  be  reproduced  after  being  cut  off, 
provided  the  cephalic  ganglion  be  not  injured,  and  an  adequate  amount  of 
heat  be  supplied. — In  Vertebrata,  again,  it  is  observable  that  the  greatest 
reparative  power  is  found  among  Batrachtan  Reptiles,  whose  development 
is  altogether  lower,  and  whose  life  is  altogether  more  vegetative,  than  that 
of  probably  any  other  group  in  this  sub-kingdom.  In  Fishes,  it  has  been 
found  that  portions  of  the  fins,  which  have  been  lost  by  disease  or  accident, 
are  the  only  parts  that  are  reproduced.  But  in  the  Salamander,  entire  new 
legs,  with  perfect  bones,  nerves,  muscles,  &c.,  are  reproduced  after  loss  or 
severe  injury  of  the  original  members ;  and  in  the  Triton,  a  perfect  eye  has 
been  formed,  in  place  of  one  which  had  been  removed.  In  the  true  Lizards, 
an  im()erfect  reproduction  of  the  tail  takes  place,  when  a  part  of  it  has  been 
broken  off;  but  the  newly  developed  portion  contains  no  perfect  vertebra, 
its  centre  being  occupied  by  a  cartilaginous  column,  like  that  of  the  lowest 
Fishes. 

475.  In  the  warm-blooded  Yertebrata  generally,  as  in  Man,  the  power 
of  true  reproduction  after  loss  or  injury  seems  limited,  as  Mr.  Paget  has 
pointed  out  (op,  ciL,  p.  164),  to  three  classes  of  parts:  namely,  (1.) 
*'  Those  which  are  formed  entirely  by  nutritive  repetition,  like  the  blood 
and  epithelia,  their  germs  being  continually  generated  de  novo  in  the  ordi- 
nary condition  of  the  body ;  (2.)  Those  which  are  of  lowest  organization, 
and  (which  seems  of  more  importance)  of  lowest  chemical  character,  as  the 
gelatinous  tissues,  the  areolar  and  tendinous,  and  the  bones ;  (3.)  Those 
which  are  inserted  in  other  tissues,  not  as  essential  to  their  structare,  bot 
as  accessories,  as  connecting  or  incorporating  them  with  the  other  stmctares 
of  vegetative  or  animal  life,  such  as  nerve-fibres  and  bloodvessels.  With 
these  exceptions,  injuries  or  losses  are  capable  of  no  more  than  repair,  in 
its  more  limited  sense ;  t.  e,  in  the  place  of  what  is  lost,  some  lowly  organ- 
ized tissue  is  formed,  which  fills  up  the  breach,  and  suffices  for  the  mainten- 
ance of  a  less  perfect  life." — Yet,  restricted  as  this  power  is,  its  operations 
are  frequently  most  remarkable ;  and  are  in  no  instances,  perhaps,  more 
strikingly  displayed,  than  in  the  reformation  of  a  whole  bone  when  the 
original  one  has  been  destroyed  by  disease.  The  new  bony  matter  is  thrown 
out,  sometimes  within,  and  sometimes  around,  the  dead  shaft;  and  when  the 
latter  has  been  removed,  the  new  structure  gradually  assumes  the  regular 
form,  and  all  the  attachments  of  muscles,  ligaments,  &c.,  become  as  com- 
plete as  before.  A  much  greater  variety  and  complexity  of  actions  are 
involved  in  this  process,  than  in  the  reproduction  of  entire  organs  in  the 
simpler  animals ;  though  its  effects  do  not  appear  so  striking.  It  would 
seem  that  in  some  individuals  this  regenerating  power  is  retained  to  a  greater 
degree  than  it  is  by  the  class  at  large  ;*  and  here  again  we  find  that,  in  the 

*  One  of  the  most  curious  and  well-nuthcnticated  instances  of  this  kind  is  relstcd  hj 
Mr.  White  in  his  work  on  the  **  Kef^eneration  of  Animal  and  Vef^^etable  Substances,'' 
1785,  p.  K).  "Some  years  ago,  I  delivered  a  lady  of  rank  of  a  fine  boy,  who  had  tiw 
thumbs  upon  one  hand,  or  rather,  a  thumb  doubled  from  the  first  joint,  the  outer  oM 
less  than  the  other,  ench  part  having  a  perfect  nail.  When  he  was  about  three  jmn 
old,  I  was  desired  to  take  off  the  lesser  one,  which  I  did ;  but  to  my  great  astooishiMBt 
it  grew  again,  and  along  with  it,  the  nail.  The  family  afterwards  went  to  reside  ii 
London,  where  his  father  showed  it  to  that  excellent  operator,  William  Bromfield,  Bsq.. 
surgeon  to  the  Queen's  household ;  who  said,  he  supposed  Mr.  White,  being  aliiufl  of 
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early  period  of  development,  the  power  is  more  strongly  exerted  than  in  the 
aduit  condition.  The  most  remarkable  proof  of  its  persistence,  even  in 
Mnn,  has  been  collected  by  Prof.  Simpson ;  who  has  bronght  together 
numerous  cases,  in  which,  after  **  spontaneous  amputation  of  the  limbs  of  a 
foetus-in-utero,"  occurring  at  an  early  ])eriod  of  gestation,  there  has  obvi- 
ously been  an  imperfect  effort  at  the  reformation  of  the  amputated  part 
from  the  stump.*  By  the  knowledge  of  these  facts  and  principles,  we  seem 
justified  in  the  conclusion  that  the  occurrence  of  supernumerary  or  multi])le 
parts,  even  when  it  extends  to  complete  duplicity  of  the  body,  is  not  due 
(as  usually  supposed)  to  the  '*  fusion"  of  two  germs,  but  that  it  results 
from  the  subdivision  of  one.  And  that  such  is  really  the  case,  may  be 
inferred  from  observations  recently  made  upon  the  early  phases  of  develop- 
ment of  "  double  monsters ;"  from  which  it  appears  that  their  production 
is  due  to  the  spontaneous  divarication  of  the  embryonic  mass  into  two 
halves,  at  a  grade  of  develoj)ment  which  may  be  considered  as  correspond- 
ing (in  regard  to  the  homogeneity  of  its  organization)  with  the  Hydra  or 
Planaria.' 

476.  There  are  many  tribes,  both  of  Plants  and  Animals,  in  which  mul- 
tiplication is  effected  not  only  artificially  but  spontaneously^  by  the  separa- 
tion of  parts,  which,  though  developed  from  the  same  germ  in  perfect 
continnity  with  each  other,  are  capable  of  maintaining  an  independent 
existence,  and  which,  when  thus  separated,  commonly  take  rank  as  distinct 
individuals.  This  process,  which  is  obviously  to  be  regarded,  no  less  than 
the  preceding,  as  a  y>eculiar  manifestation  of  the  ordinary  operations  of 
Nutrition,  may  take  place  in  either  of  four  different  modes :  1.  In  the  lowest 
Cellular  Plants,  and  the  simplest  Protozoa,  every  component  cell  of  the 
aggregate  mass  that  springs  from  a  single  ^trm,  is  capable  of  existing 
independently  of  the  rest ;  and  thus  every  act  of  growth  which  consists  in 
the  multiplication  of  cells  (§  349),  makes  a  corresponding  augmentation  in 
the  number  of  (so-called)  individuals. — 2.  In  many  organisms  of  a  some- 
what higher  type,  in  which  the  fabric  of  each  complete  being  is  made  up  of 
several  component  parts,  we  find  the  new  growths  to  be  complete  repetitions 
of  that  from  which  they  are  put  forth ;  and  thus  the  composite  organism  pre- 
sents the  semblance  of  a  collection  of  individuals  united  together,  so  that 
nothing  is  needed  but  the  severance  of  the  connection,  to  resolve  it  into  a 
somber  of  separate  and  independent  beings,  each  perfect  in  itself.  The 
most  characteristic  example  of  this  Is  presented  by  the  Hydra  (§  534), 
which  is  continually  multiplying  itself  after  this  fashion ;  for  the  buds  or 
"  gemmffi"  which  it  throws  off,  are  not  merely  structurally  but  functionally 

dmmAging  the  joint,  had  not  taken  it  wholly  out,  but  he  would  dissect  it  out  entirely, 
and  then  it  would  not  return.  He  accordingly  executed  the  plan  he  had  described,  with 
great  dexterity,  and  tunied  the  ball  fairly  out  of  the  socket ;  notwithstanding  this,  it 
grew  again,  and  a  fresh  nail  was  formed,  and  the  thumb  remained  in  this  state." — Tho 
Author  has  been  himself  assured  by  a  roost  intelligent  Surgeon,  that  he  was  cognizant 
of  a  ease  in  which  the  whole  of  one  ramus  of  the  lower  jaw  had  been  lost  by  disease  in 
a  young  girl,  yet  the  jaw  had  been  couiplctely  regenerated,  and  teeth  were  developed 
ami  occupied  their  normal  situations  in  it. 

'  These  cnaes  were  brought  by  Prof.  Simpson,  before  the  Physiological  Section  of  the 
British  Association,  at  its  Meeting  in  Edinburgh,  Aug..  1850.  The  Autlior,  having  had 
the  opportunity  of  examining  Prof.  Simpson's  preparations,  as  well  as  two  living  ex- 
amples, is  perfectly  satisfied  as  to  the  fact. 

•  See  on  this  subject,  Prof  Vrolik  in  •»  r>rit.  and  For.  Med.  Rev.,"  vol.  xii.  p.  874, 
and  in  "Cycl.  of  Anat.  and  Phys.."  vol.  iv.  pp.  073-5;  Prof.  Allen  Thompson,  "Edinb. 
Monthly  Journal,''  June  and  July,  1844:  Prof.  Vnlentin  in  *'Comptes  Rendns  de  la 
Society  de  Biologic."  1852,  p.  99;  and  M.  Lubcrt  iu  '*  Memoires  lus  &  la  Society  de 
Biologie/'  1852,  p.  208. 
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complete  (being  capable  of  seizinji^  and  digesting  their  own  prey),  preTionslj 
to  their  detachment  from  the  original  stock. — 3.  In  by  far  the  larger  pro- 
portion of  cases,  on  the  other  hand,  the  "gemma"  does  not  possess  the 
complete  structure  of  the  parent,  at  the  time  of  its  detachment,  but  is  en- 
dowed with  the  capacity  for  developing  whatever  may  be  deficient.  Thus, 
the  *'  zoos])ore"  of  an  Ulva  or  a  Conferva  (§  351)  is  nothing  else  than  a 
young  cell,  from  which  the  entire  organism  is  to  be  evolved  after  it  has 
been  set  free;  and  even  in  the  ^Mmlbels"  of  the  Marchantia  (§  492),  the 
advance  is  very  little  greater.  The  "  bnlbels"  of  certain  Phanerogamic 
plants,  on  the' other  hand,  bear  more  resemblance  to  ordinary  leaf-bads 
(§  508) ;  and  as  these,  wliilst  possessing  the  rudiments  of  leaves,  have  do 
roots,  their  capacity  for  independent  existence  depends  on  their  power  of 
evolving  those  organs. — 4.  In  the  preceding  cases,  the  organism  which  is 
developed  by  this  process  resembles  that  from  which  it  has  been  put  forth; 
but  there  are  many  cases  in  which  the  offset  differs  in  a  marked  degree  from 
the  stock,  and  evolves  itself  into  such  a  different  form  that  tlie  two  wonld  not 
be  supposed  to  have  any  mutual  relation,  if  their  affinity  were  not  proved 
by  a  knowledge  of  their  history.  Sometimes  we  find  that  the  new  being 
thus  developed  is  in  every  respect  as  complete  as  that  from  which  it  pro- 
ceeded, though  presenting  a  different  type  of  structure ;  but  in  other  in- 
stances, it  is  made  up  of  little  else  than  a  generative  apparatus,  provided 
with  locomotive  instruments  to  carry  it  to  a  distance,  its  nutritive  apparatus 
being  very  imperfect.  Of  the  first  plan,  we  have  an  example  in  the  develop- 
ment of  'Medusae  from  the  Hydroid  Polypes  (§§  538-544) ;  and  of  the 
second,  in  the  peculiar  subdivision  of  certain  Annelida,  bereiafter  to  be  de- 
scribed (§  576). — Now  it  is  obvious  that  in  this  process  no  agency  is  brought 
into  play,  that  differs  in  any  essential  mode  from  that  which  is  concerned  in 
the  ordinary  nutritive  operation.  The  multiplication  of  independent  beings 
is  performed  exactly  after  the  same  fashion  as  the  extension  of  the  original 
stock ;  and  the  very  same  parts  may  be  regarded  as  organs  belonging  to  it, 
or  (in  ordinary  phraseolog}')  as  new  individuals,  according  to  their  stiftge  of 
development,  and  the  relation  of  dependence  which  they  still  hold  to  it. 
The  essence  of  this  operation  is  the  muitipltcatton  of  cdU  by  continual  stdh 
division  (^  349). 

411.  We  have  now,  on  the  other  hand,  to  inquire  into  the  nature  of  the 
true  Generative  process,  by  which  the  original  germ  is  endowed  with  its 
developmental  capacity ;  and  this  we  shall  find  to  be  of  a  character  precisely 
the  opposite  of  the  preceding.  For,  under  whatever  circumstances  the  ge- 
nerative process  is  performed,  it  appears  essentially  to  consist  in  the  reufdon 
of  the  contents  of  two  cells,  ^  of  which  the  germ,  which  is  the  real  commence- 
ment of  a  *'  new  generation,"  is  the  result.  This  process  is  performed  under 
the  three  following  conditions  :  1.  Any  of  the  cells  of  the  entire  aggregtte 
produced  by  the  ])rcvious  subdivision,  may  be  capable  of  thus  uniting  with 
each  other  indiscriminately ;  there  being  no  indication  of  any  sexnd  dis- 
tinction. This  is  what  we  see  in  the  simplest  Cellular  plants  (§  481).— 
2.  Any  of  the  component  cells  of  each  organism  may,  in  like  manner,  pair 
with  other  cells,  to  produce  fertile  germs ;  but  there  are  differences  in  the 
shares  which  they  resjiectivcly  take  in  the  process,  which  indicate  that  their 
endowments  are  not  precisely  similar,  and  that  a  sexual  distinction  exists 
between  them,  notwithstanding  that  this  is  not  indicated  by  any  obviou 

*  In  vorj'  rare  instances,  it  is  the  reunion  of  the  two  parts  of  the  contents  of  the  »■• 
cell,  which  had  previously  tended  to  separate  from  each  other,  as  if  in  the  process  of 
subdivision  (§  482). 


stnietaTfl!  chnracter.  This  conclUion  is  seen  in  the  Z^gnema  and  its  alli<*s 
(I  4 S3) — 3.  The  generative  power  is  restricted  to  certain  cells,  which  arc 
sset  apart  from  the  res5t  of  the  fabric,  and  destined  to  this  purpose  alone ; 
and  the  endowments  of  the  two  setis  are  so  far  different,  that  the  one  furnishes 
the  germ,  whilst  the  other  supplies  the  fertilizing  influence;  whence  the  one 
set  have  been  appropriately  designated '*  germ-cells,"  and  the  other  "sperm- 
cells."  Such  ta  the  cose  in  all  but  those  lowest  Plants  which  have  not  u 
^— ipccialixed  generative  apparatus;  andalsotliroughout  the  Anitnal  kingdom. 
^B  418,  Thus,  then,  in  the  entire  process  in  which  a  new  being  originates, 
^Hiosscssing  like  structure  and  endoi^*meiitR  with  its  parent,  two  distinct  classes 
^^bf  actions  participate;  namely,  the  act  of  General toti^  by  which  the  germ  is 
^^irodaecd  ;  and  the  act  of  Devehpment,  by  which  that  germ  is  evoked  into 
the  complete  organism.  The  former  is  an  operatitm  altof^ether  std  gefieris; 
the  latter  is  only  a  peculiar  modification  of  the  Nutritive  fnactioa;  yet  it 
may  give  origin,  as  we  have  seen,  to  ntimcrous  independent  offsets,  by  tht^ 
reparation  (natural  or  artificial)  of  the  parts  which  are  capable  of  exist ing 
sm  such.  Now  between  these  two  operations  there  would  seem  to  be  a  kind 
of  antagonit^m.     Whilst  eveiy  act  of  Development  tends  to  ditnini&h  the 

r"  germinal  capacity,'' the  act  of  generation  renews  it;  and  thus  the  tret) 
phich  has  contimied  to  extend  itself  by  budding  until  its  vital  energy  is  well* 
nigh  spent,  may  develop  flowers,  and  mature  seeds,  from  which  a  vigorous 
I  rroge ny  shal  1  s p r i  n g  u p  Bu t  mvhiph'ca (to n  d oes  n  ot  directl y  d epe n d  u pon 
the  act  of  generation  alone ;  it  may  be  accomplished  by  the  detachment  of 
gemmtp,  whose  production  h  a  simple  act  of  development;  and  the  indc- 
I  pendent  beings  tlms  produced  are  sometimes  similar,  sometimes  dissimilar, 
I  to  those  from  which  they  Bprang.  When  they  are  dissimilar,  however,  the 
^HM-iginal  type  Is  always  reproduced  by  an  intervening  act  of  generation ;  and 
^^H?  immediate  products  of  the  trite  generative  act  always  res&mMe  one  another, 
'  Hetnee  the  phrase,  **  alternation  of  generations,^*  can  only  be  legitimately 
employed,  when  the  term  generation  is  used  to  designate  a  succession  of  (so- 
i^nned)  individuals,  by  whatever  process  they  have  originated ;  an  application 
of  it  which  cannot  hut  lead  to  a  complete  obliteration  of  the  essential  dis- 
t  inction  which  the  attempt  has  been  here  made  to  draw  between  the  Generative 
act  and  the  Developmental  act  of  gemmation.  For  when  it  is  said  that 
**geuerulion  A  produces  generation  b,  which  is  dissimilar  to  itself,  whilst 
gcoenitiou  ii  produces  generation  c,  which  is  dissimilar  to  itself,  but  which 
rettirus  to  the  form  of  generation  a,'**  it  is  entirely  left  out  of  consideration t 
ihat  gcucriitlon  A  pruducea  the  (so-called)  generation  b  by  a  process  of 
^femmaihrn;  whiit?tt  the  proeess  by  which  generation B produces  generations 
i^  one  of  tme  genernHnn.  So  generation  c^  by  gemmation,  develops  n,  which 
reseml>les  n ;  and  o,  by  a  true  generative  act,  produces  e,  which  resemblea  a 
and  a    This  distinction,  although  it  may  at  Grst  sight  appear  merely  verbal, 


*  Such  i."*  the  doctrine  propoimdett  \n  the  highly  origiuiLl  ttnd  ingeniourt  work  of  Prot 
SteeDstrup  on  tli«  **  Alt<»riiiLitritL  orOpnerattutiB/'  A  IriinHlu^tJOii  uf  which  haa  been  put>* 
lulled  hy  the  liny  Suciet/. — Tlie  uutlior  ft'i?Is  BAti^fied^  from  careful  und  repeated  con- 
*■  >rnti">n  of  tite  pliciiamtmi  on  which  thi.^  doctrine  is  fcmndedi  thitt  it  cannot  be  accepted 

its  oH]|in:il  ronn,  and  that  it  requires  to  be  modified  in  the  manner  indicated  in  Uie 
text.  His  reasons  for  thiB  modification,  and  Ukewiae  for  his  di»«cnt  from  the  hypotbesis 
jyut  forUi  by  bi«  friend  Prof.  Owen  m  bt«  treatis*©  on  **  Piirthenogencsi**/*  will  be  fonnd 
iti  ihe  "Brit  and  For.  Med.-Cblr,  R^t.,*'  Toh  i,  p.  18*1,  and  toK  it.  p,  436.  U  has  been 
vriih  the  greatest  fiatisraotlon  tb&t  ho  ha»  found  hia  viewa  on  this  subject  fuHj  parUfL- 
fiAied  in  by  hid  friend  Mr,  TJf*  Huxley,  whohasadduued  TaHoiiHimportantconaiderntionii 
SB  Irheif  support,  in  his  Memoir  **  On  the  Anntoiny  of  Salpa  and  Pjrosoma/'  '''Philoa. 
TmtisiM:!./'  1851^  pp.  57<>-J570  ;  eee  algo  the  otiiline  uf  his  Lecture  on  **0o  Animal  In- 
dii"i«iunJitT/*  in  **Aim,  of  Nat.  Hist/'  ild  &lt.  fol.  ix.  p.  &05. 

ai 
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\vill  yet  be  found  of  fundamental  importance  in  the  appreciation  of  the  true 
relations  of  these  processes,  and  of  their  resulting  products. — So,  in  the 
author's  opinion,  the  application  of  the  term  "  a  generation"  to  the  eiUire 
product  of  the  development  of  any  germ  originating  in  a  generative  act, 
whether  that  product  consist  of  a  single  individual,  or  of  a  succession,  will 
be  found  much  more  appropriate,  and  more  conducive  to  the  end  in  view, 
than  the  indiscriminate  application  of  it  to  each  succession,  whether  pro- 
duced by  gemmation  or  by  sexual  reunion.  It  is  of  great  importance  to 
the  due  comprehension  of  certain  phenomena  of  Reproduction,  which  will 
come  under  consideration  in  the  Animal  kingdom,  that  the  relations  of  the 
products  of  these  two  processes  should  be  rightly  appreciated ;  and  this 
appreciation  of  them  will,  it  is  believed,  be  best  gained  by  a  careful  inquiry 
into  the  phenomena  of  Reproduction  in  the  Vegetable  kingdom. 

2.    Generation  and  Development  in  Plants, 

479.  Our  knowledge  of  the  reproductive  process  in  the  Vegetable  King- 
dom has  of  late  been  greatly  extended  by  Microscopic  research;  and 
although  it  is  not  possible  at  present  to  give  a  complete  sketch,  much  less 
a  full  account,  of  the  mode  in  which  it  is  performed  in  all  the  principal 
groups  of  Plants,  still,  enough  has  been  ascertained  in  some  of  the  most 
important,  to  make  it  probable  that  the  general  doctrines  founded  upon 
the  phenomena  which  they  present,  may  be  applied  to  those  whose  history 
has  been  less  completely  studied.  It  may  be  stated  as  a  certainty,  that  the 
true  Generative  act  is  not  confined,  as  was  long  supposed  by  most  Physio- 
logists, to  the  Phanerogamia  or  Flowering  Plants ;  but  that  it  is  performed 
by  so  many  of  the  Cryptogamia,  that  its  universality  can  scarcely  be  a 
matter  of  legitimate  doubt.  So  far  as  our  present  knowledge  extends,  this 
generative  act  may  be  performed  in  three  distinct  modes,  each  of  which  is 
peculiar  to  a  certain  assemblage  of  Plants. — T\iq  first  of  these  is  the  "con- 
jugation" of  two  apparently  similar  cells,  and  the  admixture  of  their  con- 
tents, whereby  a  new  body,  the  *' primordial  embryo-cell"  is  produced;  a 
method  which  seems  peculiar  to  the  Protophyta,  This  conjugation,  how- 
ever, may  occur  in  one  of  three  distinct  modes  (Fig.  191,  a).  Bath  the 
cells  (1,  a,  a)  may  rupture  and  discharge  their  contents;  and  around  the 
mass  {h)  formed  by  their  intermixture,  the  cell-wall,  by  which  it  is  consti- 
tuted the  "  embryo-cell,"  is  developed.  The  union  of  the  contents  of  the 
conjugating  cells  may  take  place,  on  the  other  hand,  without  their  external 
discharge,  by  the  establishment  of  a  direct  passage  betweetl  them ;  and  the 
intermixture  may  occur,  cither  within  the  connecting  channel  (2),  or  in  one 
of  the  cells  of  the  pair  (3),  the  new  cell-wall  being  formed,  as  before, 
around  the  blended  mass.  In  this  last  form,  the  '*  embryo-cell"  being 
developed  within  one  of  the  conjugating  cells,  the  distinction  between 
"sperm-cells"  and  "germ-cells"  is  apparently  foreshadowed.  —  In  the 
second  case,  the  generative  act  is  affected  by  the  agency  of  cells  which  lie 
manifestly  dissimilar  in  their  endowments ;  for  the  one  set  develop  within 
themselves  certain  moving  filaments,  that  convey  their  influence  to  the  cells 
of  the  other  set,  within  which  last  the  "embryo-cell"  originates;  sothit 
the  distinction  between  "  sperm-cells"  and  "  germ-cells"  is  here  oharactem- 
tically  shown  (Fig.  191,  b).  This  is  the  mode  in  which  the  generative  act 
seems  to  be  performed  in  all  the  Cryptogamia  save  the  Protophytes;  the 
embryo-cell  being  at  once  thrown  upon  the  world  in  the  inferior  groups, 
and  being  dei)cn(lent  for  its  supply  of  food  upon  its  own  absorbing  «rf 
assimilating  powers;  whilst  in  the  superior,  it  is  supplied  for  a  time  with 
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nntriment  prepared  and  imparted  to  it  by  its  parent In  the  third  form  of 

the  generative  process  (Fig.  191,  c),  which  is  peculiar  to  Fhaneroffamta, 


'C^O" 


Diamm  reproeenting  the  three  principal  forms  of  the  Generative  Proce$t  ii»  Plante: — 
Af  oonjogation  of  inferior  Cryptogamia ;  formation  of  the  emhryo-cell,  b,  by  admixturo  of  the 
diiohu'ged  endochromes  of  the  parent-cells,  a  a;  2,  prodnction  of  the  embryo-cell,  b,  within 
a  dilatation  formed  by  the  union  of  the  two  parent-cells;  3,  production  of  the  embryo-cell,  6, 
hy  the  passage  of  the  endoohrome  of  coll  a  into  that  of  cell  a*,  marking  oot  a  sexnal  differ- 
•nee. — B,  fertilisation  of  germ  in  higher  Cryptogamia;  a,  sperm-cell  discharging  its  spiral 
fiUunent,  a*,  germ-oell,  against  which  one  of  those  filaments  is  impinging ;  b,  embryo-cell 
prodooed  by  their  contact— c,  fertilization  of  germ  in  Phanerogamia;  a,  sperm-cell,  or  pol- 
len-grain, sending  its  prolonged  tube  down  the  style,  until  it  reaches  a*  the  germ-oell,  in- 
eloeed  in  the  ovule,  the  section  of  whose  coats  is  shown  at  e;  from  the  contact  of  the  two  is 
produced  the  embryo-cell  b. 

there  is  the  same  distinction  between  "  sperm-cells"  and  "  germ-cells,"  but 
the  mode  in  which  the  action  of  the  former  npon  the  latter  is  brought 
about  is  different;  for  the  "sperm-cell" (a)  does  not  evolve  self-moving 
filaments,  but  puts  forth  long  tubes,  which  extend  themselves  until  they 
reach  the  "  germ-cell"  (a*),  and  thus  convey  to  it  the  fertilizing  influence. 
Moreoyer,  the  germ,  which  takes  its  origin  from  the  "  embryo-cell"  deve- 
loped within  the  "germ-cell,"  is  supplied  with  nutriment  by  its  parent, 
not  merely  whilst  it  remains  in  connection  with  the  organism  which  evolved 
it,  but  for  some  time  subsequently ;  its  continued  growth  being  provided 
for  by  the  store  laid  up  around  it  in  the  seed;  and  it  being  at  the  expense 
of  the  materials  which  it  thence  obtains,  that  the  germ  is  enabled  to  deve- 
lop and  put  forth  the  first  of  those  organs,  which  are  subsequently  to  act 
as  its  own  instruments  of  absorption  and  assimilation Each  of  these  pro- 
cesses will  now  be  described  in  more  detail. 

480.  It  is  among  the  lowest  tribes  of  Plants,  that  we  see  the  closest 
relation  between  the  functions  of  Nutrition  and  Reproduction.  For  we  do 
not  here  find,  as  in  the  higher  Plants,  that  the  development  of  distinct 
argam  is  requisite,  to  enable  the  descendants  of  the  original  germ-cell  to 
exist  independently  of  each  other ;  since  this  power  is  possessed  by  ever}' 
one  of  the  cells  that  are  produced  by  its  fission  (§  349),  so  that  they  have 
the  same  title  to  be  accounted  independent  existences,  as  have  the  lecuf-buds 
of  Uie  Flowering-plant.  Thus,  a  frond  of  the  Coccochloris  cystifera^  one 
of  the  simple  Algse  belonging  to  the  family  Palmellece,  presents  ns 
a  mass  of  independent  cells,  held  together  by  a  common  mucous  inrer 
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(Fig.  192);  and  in  such  a  mass  we  usually  find  cells  in  yaiious  stages  of 

development.    At  a  is  seen  a  simple  glo- 
Fig.  192.  bular  cell,  surrounded  by  a  well-de&ed 

mucous  envelop :  at  b  are  cells  which  pre- 
sent an  elongated  form,  and  are  evidently 
about  to  undergo  subdivision :  at  c  we  ob- 
serve a  pair  of  cells,  whose  separation  has 
apparently  been  recent,  fvs  they  are  still 
sarrounded  by  the  same  mucous  envelop : 
at  d  we  have  a  group  of  three  cells,  each 
having  its  own  mucous  envelop,  but  all 
of  them  still  held  together  by  the  original 
investment ;  the  two  smaller  of  these  cells 
are  obviously  produced  by  a  secondary  sab- 
V  w  1-  .♦•  «  -.r  /*       tt   '  division  of  one  of  the  first  pair;  whilst  the 

Multiplication  of  Coecoeh(on§  eyt-  ,  ,  i_     -i.       i  Z  ^  J  xi.  x  'a 

t!/era  by  subdivision  of  cells ;  a,  h,  c,    otlier  shows  by  its  elongated  lorm  tnat  It 
rf,  e,  various  stages  of  development.      is  about  to  Subdivide :  and  at  «  is  a  groap 

of  small  cells  formed  by  a  continuance  of 
the  same  subdividing  process,  each  of  them  subsequently  increasing  in  size, 
acquiring  a  mucous  envelop  of  its  own  (as  at  a),  and  in  its  turn  going 
through  the  same  series  of  changes.  And  as  this  will  take  place  equally, 
whether  the  cell  be  detached  from  the  general  mass,  or  remain  as  a  compo- 
nent part  of  it,  it  must  be  accounted  a  distinct  ''  individual"  in  the  ordi- 
nary acceptation  of  that  term.  But  as  it  will  be  shown  hereafter,  that  the 
entire  mass  of  independent  cells  thus  generated  is  the  homological  equiTa- 
lent  of  the  single  embryo  of  a  Phanerogamic  plant,  the  component  cells  of 
which  are  mutually  dependent,  the  term  ''  individual'^  cannot  be  legitimately 
applied  to  both  alike ;  and  it  will  be  found  convenient,  therefore,  to  distin- 
guish  the  independent  beings  which  are  thus  related  as  the  products  of  a 
single  generative  act,  by  the  appellation  of  "phytoids"  (see  §  516). — To 
what  extent  this  method  of  multiplication  may  proceed,  has  not  been  a8ce^ 
tained.  There  is  reason  to  think  that  there  is  a  limit  to  its  performance. 
since  we  find  it  giving  place,  at  a  certain  period  of  the  year,  to  the  converse 
process ;  namely,  the  true  Generative  act.  But  upon  the  principle  already 
laid  down,  we  should  expect  that  it  may  be  carried  on  to  a  vast  extent, 
under  favorable  circumstances;  since  there  is  here  no  advance  upon  the 
very  simplest  condition  of  an  organized  structure,  and  consequently  but 
little  exhaustion  of  the  "germinal  capacity"  (§  469). 

481.  As  amongst  the  independent  cells  of  which  the  simplest  Algae  are 
composed,  each  seems  capable  of  going  through  the  whole  series  of  Nntri- 
tive  operations  for  and  by  itself,  so  there  is  no  perceptible  difference  in 
their  endowments  as  regards  the  Generative  act;  the  process  of  "coiyn- 
^ration  appearing  to  take  place  indiJQferently  amongst  any  pair  of  them,  i^ 
examples  of  this  process,  two  instances  will  be  first  selected  from  the  fuii* 
lies  of  DesmidetB  and  Diatomacece;  in  which  its  occurrence  is  a  fact  of 
])cculiar  interest,  as  tending  to  show  their  close  alliance  to  the  simpler 
Alga;,  from  which  they  have  been  separated  by  Prof.  Ehrenberg  and  otlicr 
naturalists,  who  have  considered  them  deserving  of  a  place  in  the  AniiwI 
Kingdom. — The  Desmidece  are  characterized  by  the  peculiar  structure  of 
their  cells ;  for  the  wall  of  each  consists  of  two  distinct  and  symmetiicil 
valves,  united  to  each  other  by  a  transverse  suture ;  and  the  endochrome  shows 
A  tendency  to  H0])arotion  into  two  equal  halves  at  the  same  part.  In  sone 
instances  there  is  a  constriction  at  the  suture,  so  that  the  two  portions  of 
the  cell  are  connected  only  by  a  narrow  neck,  as  in  JHucutrum  (Pig.  193 1); 
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Eva»trttm  oUomgam  ,- — A,  rtng^le  front]  ; 
B,  two  fronds  in  conjugation,  Khowing  tb« 
spore  in  the  centra  between  ihe  fuur  emp- 
tied T»lyei* 


t  in  other  cases,  as  in  dffSterittm,  the 
^flaecUan  portion  traversed  by  tbe  suture 
is  the  broadest  part  of  the  eelL     The 

lants  of  this  family  are  j^enerally  met 

ith  in  the  conditiou  of  detached  cells 
'*  fronds  j"  but  in  some  instances, 
are  associated  into  coufen^oid  fila- 
ments; the  difference  simply  arishig 
from  the  continuaTice,  m  the  latter  case, 
of  that  connection  between  the  cells 
that  have  heei^  multiplied  by  subdi- 
vision* which  is  broken  in  the  former 
by  their  separalioti.  The  fn-j^t  iitage  in 
the  conjug^ating  process  is  the  approxi- 
mation of  two  cflls,  in  \v!iose  con- 
tained granules  an  active  movement  is 
often  seen  at  the  same  time.  Each  of 
the  two  cells  then  gives  way  at  the 
plane  of  iU  transverse  division  (b), 
and  the  four  halves  discharge  their 
contained  '*  endochromes**  into  the  cen- 
tral space,  so  that  tliose  of  the  two 
cells  are  thns  completely  incorporated. 
At  firatp  the  new  mass  is  merely  sur- 
rounded by  the  mucous  envelop,  and 
has   no   definite  shape  j   but  it   soon 

becomes  invented  by  a  distinct  celUwall,  which  preaenta  a  re^lar  form, 
HEEially  globular  or  spheroidal;  and  this  cell-waJl,  which  is  generally 
rery  firm,  is  often  funiished  with  cnrious  prolongations,  which  give  it  a 
hispid  surface  (as  seen  at  B),  these  bemg  sometimes  very  long,  and 
furidshed  with  hooks  at  their  extremities.  The  new  body  thus  formed 
is  properly  the  ** primordial  cell'*  of  the  embryo;*  and  it  originates  a 
new  g^eneration  by  the  ordinary  process  of  subdivision^  the  firm  outer 
case  first  giving  way^  to  allow  of  the  expansion  of  its  contents,  around 
which  a  new  and  more  delicate  cell- wall  has  been  previously  developed. 
It  has  been  remarked  that  the  spores  of  the  Desmidese  (which  are 
fur  the  most  part  inhabitants  of  small  collections  of  fresh  water,  that  are 
liable  to  be  dried  up  by  the  heat  of  summer),  are  most  abundant  in  spring; 
80  that  it  may  be  surmised  that  they  are  not  killed  by  desiccation,  like  the 
growing  fronds,  but  are  enabled  to  regenerate  the  race  after  the  period  of 
drought  has  passed  away. — The  mode  in  which  the  conjugation  and  deve- 
lopment of  the  spores  takes  place  in  the  entire  family  of  JDesmrdem,  h 
essentially  the  same;  and  even  where  the  cells  that  have  been  multiplied 
by  subfliviston  remain  in  continuity  with  each  other,  so  as  to  form  a  fila- 
ment, they  dissociate  themselves  before  the  conjugation  takes  place.  Some- 
times it  is  observable  that,  instead  of  the  complete  separation  of  the  two 
halves  of  each  cell  in  the  act  of  conjugation,  they  only  partially  open  for 
the  diiicharge  of  the  endochrome ;  and  in  some  of  the  higher  forms  of  this 
family,  we  find  the  mixture  to  take  place  in  one  of  the  conjugating  cells, 

Tbi*  body  is  commonly  termed  the  **spc3raiipluira ;"  hot  the  atithor  agrct^s  with  hh 
acnd  (be  IXev.  W.  SuJith»  in  conaidfrin^  thiit  where  only  a  Bmglc  cell  is  formed  us  the 
nrnedUtf^  pr&duct  of  tho  conjugntbg  net,  this  has  no  just  claim  to  the  tide,  (See 
t  rnt£if«4.^t*  of  Microac-  Soc-/'  2d  Ser.,  toU  i.  p-  68,) 
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within  which  the  spore  is  developed.    This  happens  especially  in  the  genns 
Desmidtum,  which  approaches  closely  to  the  coi^ugating  Oonferrse.^ 

482.  In  the  family  JXatomacece,  the  membranous .  envelop  of  each  cell 
is  covered  by  a  siliceous  incrustation,  which  usually  presents  very  beautifal 

and  regular  mark- 
Fig.  194.  ingg ;  and  this  hard 
A  B  CD  ''shell"  is  compos- 
ed of  two  "valves," 
which  are  divided 
longitudinally,  and 
are.  capable  of  be- 
ing separated  from 
each  other.  Like 
the  pluits  of  the 
preceding  famUy, 
the  cells  may  occur 
either  singly  (lig. 
194,  A,  B),orin  con- 
nection with  each 
other;  in  the  first 
case  they  are  known 
as  "frustules;''  in 
the  second  they 
form  bands  or  fila- 
ments composed  of 
several  cells  adhe- 
rent by  their  long 
sides,  which  cells 
have  all  been  pro- 
duced by  snboin- 
sion  from  a  single 
one,  and  have  not 
become  detached 
from  each  other. 
When  two  frustnles 
(as  in  JBunoHa  tw- 
gida)  are  about  to 
enter  into  conjugt- 
tion,  they  move  to- 
wards each  other, 
and  come  into  close 
approximation  by 
their  concave  edges 
(c);  the  valves  of 
each  frustnle  wsmr 
rate  from  each  otaer* 
(d),  and  the  inaa 
membrane  foms 
two  protuberaaees, 
which  meet  two 
similar  ones  of 
the  other  frnstnle. 


Conjugation  of  Eunotta  turgtda: — A,  single  friutule ;  B,  sideviefr 
of  the  same;  c,  two  frastules  with  their  conoaYO  surfaces  in  close 
apposition ;  n,  f^ont  Tiew  of  the  same,  showing  the  separation  of 
each  fmstulo  longitudinally  into  two  halves ;  k  and  v,  side  and  (Vont 
views  after  the  formation  of  the  embryo-cells ;  o,  the  embryonic 
fmstules  more  adrnnccd,  exceeding  the  parent-fnistules  in  size;  h, 
completion  of  the  cmbryooic  fhistulcs. 


8oo  Mr.  Uiilfn's  ndmirablo  Monograph  on  the  **  British  Desmidcie.** 
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These  proinberances  soon  give  way,  and  the  endochromes  of  the  two 
frastnles  discharge  themselves  and  mingle,  not,  however,  into  one  mass,  bat 
into  two;  these  masses  are  at  first  irregular  in  shape;  but  they  shortly  be- 
come covered  with  a  smooth  membrane,  and  possess  a  symmetrical  elongated 
form  (e,  f);  which  presents  some  resemblance  to  that  of  the  parent  fmstule. 
These  spore-cells  continue  to  increase  in  length  (o),  and  at  last  they  acquire 
the  transverse  markings  of  the  parent  fmstules,  which  they  greatly  exceed 
in  dimensions  (h).  These  large  embryonic  frustules  seem  to  give  origin  to 
a  new  brood,  by  the  ordinary  fissiparous  multiplication ;  and  it  may  be  con- 
jectured that  this  process  cannot  take  place  indefinitely,  but  that  the  race 
would  die  out,  were  it  not  for  the  renewal  of  the  powers  of  growth  by  the 

act  of  conjugation ^In  the  Meloseirea,  which  constitute  a  filamentous  tribe 

of  Diatomacese,  there  is  a  curious  departure  from  the  ordinary  type ;  for 
no  conjugation  can  be  here  seen  to  occur  between  two  distinct  frustules ; 
but  a  disturbance  of  a  somewhat  equivalent  nature  takes  place  in  the  endo- 
chrome  of  a  single  frustule,  its  particles  moving  from  the  extremities  to- 
wards the  centre, 

rapidly  increasing  Fig.  195. 

in  quantity,  and 
aggregating  into 
a  mass,  round 
which  a  new  en- 
Telop  is  deve- 
loped, so  that  it 
becomes  a  ''pri- 
mordial-cell" re- 
sembling that  of 
other  plants  of  its 
kind  (Fig.  195). 
At  first  sight  this 
might  seem  an 
exception  to  the 
general  rule  of 
the^reunion  of  the 
contents  of  two 
cells;  but  it  is 
more  so  in  ap- 
pearance than  in  reality.  For  in  some  of  the  group  of  ConjugatecB,  whose 
conjugation  will  be  presently  described  (§  483),  the  union  of  endochromes 
takes  place,  not  between  the  cells  of  distinct  filaments,  but  between  two 
contiguous  cells  of  the  same  filament;  and  as  these  two  cells  formed  part 
of  one  and  the  same  cell  previously  to  their  separation  by  its  subdivision, 
it  is  obvious  that  the  reunion  of  the  two  halves  of  the  endochrome  in  the 
Meloseiren  is  only  the  performance  of  the  same  process  at  an  earlier  period. 
The  spore  thus  formed  is  gradually  developed  into  a  filament  resembling 
that  of  the  parent,  by  progressive  fissiparous  multiplication  (Fig.  195,  s, 

483.  The  process  of  ''  conjugation"  has  now  been  seen  to  occur  in  so 
many  species  of  the  family  of  PalmeUecB,  which  includes  the  uni-cellular 
forms  of  the  ordinary  AlgsB  (such  as  the  Hamatococcus,  Fig.  1 62,  the  Pro- 
toeoccus,  to  which  the  "red  snow"  belongs,  the  Coccochloris,  Fig.  192,  the 

^  See  Mr.  Tliwaites*s  Taluable  Memoirs  **0n  the  Conjugation  of  the  Diatomaccsc," 
In  "Ann.  of  Nat  Hist.,"  toL  xx.,  and  2d  Ser.,  vol.  i. 


Derelopment  of  spores,  or  primordial  embryo-cells,  in  AuUteoteira 
crenulata: — 1,  simple  filament,  2,  filament  developing  spores ;  a,  6,  e, 
suecessive  stages  in  the  formation  of  spores; — 3,  embryonic  frustules, 
a,  b,  e,  in  successive  stages  of  multiplication. 
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PcdmeUa,  of  which  one  species  is  known  as  the  "  gory  dew,"  and  many 
others),  that  it  may  be  regarded  as  a  part  of  the  regular  series  of  vital 
actions  in  every  member  of  that  group. — It  is,  however,  in  the  Zygnema 
and  its  allies,  constituting  the  family  of  Conjugatece^  that  this  phenomenon 
has  been  longest  known  and  most  attentively  studied.  All  these  plants  are 
filamentous  ;  that  is,  the  process  of  subdivision  always  takes  place  in  the 
same  direction,  and  the  cells  thus  produced  remain  in  continuity  with  each 
other ;  so  that  from  a  single  cell,  a  long  filament  is  evolved  (Fig.  196,  a). 
Still,  the  component  cells  of  this  filament  for  the  most  part  retain  their 
common  relation  to  the  generative  as  well  as  to  the  nutritive  function,  so 
that  they  may  all  take  a  share  in  the  conjugating  process ;  the  only  excep- 
tion to  this  yet  noticed,  being  in  the  case  of  two  species  of  Zjfgnefna,  in 
which  the  alternate  cells  alone  conjugate.^  The  conjugation  ordinarily 
takes  place  between  the  cells  of  distinct  filaments ;  these  approximate  each 
other,  and  put  forth  little  protuberances  that  coalesce  and  establish  a  free 
passage  between  the  cavities  of  the  cells,  whose  contents  then  intermingle 
(b).     In  the  true  Zygnema^  the  cudochrome  of  one  cell  passes  over  entirely 

Fig.  19G. 


Various  stngcs  in  the  Generation  oi  Zygnema  qntninum: — a,  three  colls,  a,  6,  c,  of  a  joang 
filament,  of  Tvhich  b  \a  undergoing  subdivision  ;  b,  two  filaments  in  the  first  stage  of  conjajpi- 
tion,  showing  the  spiral  disposition  of  their  endochromes,  and  the  protuberances  from  tht 
conjugating  cells  ,*  c,  completion  of  the  act  of  conjugation,  the  endochromes  of  the  eells  of 
the  filament  a  having  entirely  passed  over  to  those  of  filament  6,  in  vrhich,  the  spores  ars 
formed. 

into  the  cavity  of  the  other ;  and  it  is  within  the  latter  that  the  embiyo- 
cells  are  formed  (c).  Further,  it  may  generally  be  observed  that  dZ  the 
cells  of  one  filament  thus  empty  themselves,  whilst  all  the  cells  of  the  other 
filament  become  the  recipients :  here,  therefore,  we  seem  to  have  a  fore- 
shadowing of  the  sexual  distinction  of  the  generative  cells,  which  manifests 
itself  more  fully  in  the  higher  organisms.*    In  the  genus  Mesocarpus,  how- 

»  See  Dr.  Hassall's  "British  Fresh-water  Algjc,"  p.  139. 

*  It  is  aflirmed  by  Itzigsohn,  that  within  certain  of  the  filaments  of  l^ifiro^iifra^  ths 
endoohrome  breaks  up  into  little  spherical  aggregations,  which  are  gradually  oooTcitad 
into  nearly  colorless  spiral  filaments  having  an  active  spontaneous  motion,  and,  there> 
fore,  analogous  to  the  "  antherozoids"  of  the  higher  Alga).  (See  "  Ann.  des  Set  Nat" 
3*  Sdr.,  Botan.,  torn.,  xvii.  p.  150.)  More  precise  observations,  however,  are  needed, 
to  determine  the  relation  of  this  phenomenon  to  the  generative  process. 
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er,  and  some  other  CoryugatesD  the  two  colls  pour  llieir  eadochromes  into 
dilatation  ofthe  piissage  that  1ms  been  formed  between  tliem;  and  it  is  there 
at  the  spore  is  formed-— There  are  several  tribes  of  the  family  Conjugates, 
II  which  the  conjngation  takes  plaee  between  tlie  adjacent  cells  ofthe  eame 
lament  j  each  cell  ofthe  conjugalinf^  pair  putting:  forth  a  conical  protuber- 
%nce  uear  the  septum,  and  the  two  protuberance.<  uniting,  so  as  to  permit 
the  mixture  of  endochromes,  as  in  other  instanees,  the  spore  being  fortned 
thin  one  of  the  cells.     Hence,  when  one  of  these  filaments?  is  *'  in  fniit," 
e  alternate  cella  will  be  found  to  contain  gporen,  whilst  the  intermediate 
mes  will  be  entirely  empty.— In  all  these  caaes,  the  development  ofthe  new 
timent  appears  to  take  place  by  the  subdiritsion  of  the  *'  primordial  cell,'' 
in  the  instance  already  described;  and  this  subdivision  occurs  in  some 
stances  in  the  immediate  product  ofthe  coDJugation,  so  that  a  number  of 
laller  cells  are  formed,  in  the  stead  of  a  single  large  one.* 
484.  In  a  eonsiderahle  proportion  of  the  inferior  J/^^r,  a  multiplication 
if  '*phytoids''  is  effected  by  a  very  drlferent  process;  namelr,  tlie  separa- 
"on  and  dispersion  of  "  zoospore^**'    These  bodies  are  formed  without  any 
conjugation,  and  they  originate,  in  fact,,  in  the  sifbdin'swn  ofthe  cells  from 
which  they  arc  set  free  (§  351)»     The  whole  history  of  these  bodies  shows 
that  they  are  not  product^**  of  a  true  j^enerative  act,  Ijut  are  merely  to  be 
regarded  as  detached  ffemmte,  formefl  by  a  developmental  process.     For 
whilsl  in  l!ie  ordinary  process  of  subdivision,  the  endochrome  of  each  cell 
divides  into  only  two  parts,  and  these,  wlien  completely  separated  by  a  neiv 
eeU-wall,  remain  in  coutiguity  within  their  common  envelop,  the  '*  sioos^pores" 
are  formed  by  a  subdivision  of  the  endochrome  into  a  greater  number  of 
]*arts,  each  of  which  acquires  a  cell-wall  of  its  own;  and  all  the  young  cells 
thus  produced  escape  from  the  geucral  investment,  and  undergo  dispersion 
by  tlic  exercise  of  the  locomotive  power  mih  which  they  are  endowed. — 
Such  is  the  only  method  of  reproduction  which  has  yet  been  observed  in  the 
67roP  and  a  cousiderable  number  of  fMnftrvm.     But  there  is  a  strong  pro* 
liability  from  nnalogy,  that  a  conjugating  process  takes  place  even  amongst 
these  at  $onie  stage  of  their  existence ;  for  it  does  not  seem  possible  that 
the  multiplication  by  gemmation  can  go  on  to  an  unlimittd  extent  in  these 
lower  organisms,  any  more  than  in  the  higher.    It  may  perhaps  be  surmised 
Without  any  great  improbability,  that  the  process  of  conjugation  does  not 
take  place  among  the  cells  of  the  mmpkie  plant,  but  \n  some  earlier  stage 
of  development.     In  fact,  the   early  si  age   of  the  Conferrte  and  Uhfo:  so 
strongly  resembles  the  permanent  condition  of  the  Palmeilem  (Fig.  192), 
that  it  is  not  impossible  that  some  of  what  have  been  supposed  to  be  con- 
jugating cells  of  the  latter  group,  may  really  belong  to  the  former.     For 
L     the  complete  history  of  the  development  of  the  embryo-cells  is  as  yet  so  far 

^H  "  ^ee  Dr,  Pnngsheim,  "  Oa  the  Gfrmiantloo  of  the  Sporei  of  .^ir<s^m/*  in  **  Ann. 
^■f  ?tfat.  Oiat,''  2(i  Scr.,  vol.  xi.  pp.  210,  21J2 :  filao  the  Rev.  W.  Smith  **  On  tiie  Germi- 
^fpitioa  of  the  Spore  in  the  Cimjuf^aUw,"  op.  dL^  voL  viii*  p-  ^80,  and  **0n  the  Stellate 
^'ftodici  occurritig  m  the  Cells  of  Frcah'trafer  Algu?/'  in  **  Mieroac.  Tranmct,"  2d  Sev.» 
to!,  i.  p.  G8. — It  ia  a  very  curious  feature  in  thi*  history  of  these  humble  Plants,  that 
there  Ehonld  be  Biieh  ii,n  flbsenec  of  constancy  in  the  mode  hi  wLlcb  this  fuuctlou  U  per- 
farmcd.  It  ia  reniftrked  hy  Dr  Pringsheim  that  various  roriiis  of  epor«  mny  be  formed 
in  the  aume  plant,  and  out  of  the  same  contents  dehtined  for  reproduction,  although 
there  is  for  eaeh  speeics  one  normal  form,  that  i»  distingniBbed  by  the  preponderating 
fre<|uency  of  its  occurrence.  So  it  la  observe  J  by  Mr*  Smith,  of  the  Tery  act  of  con- 
jugntion,  Ifaat  **  although  one  mode  of  effecting  the  imion  of  cells  seems  to  be  pretty 
^nernl  in  the  same  Alga,  it  is  by  no  meana  conBtant,  as  tubes  connect iu|^  contigaoaa 
celia  of  the  ftume  filament,  or  iinttiiig  apposed  cells  of  other  filaments,  will  be  found  in 
eonnection  with  the  aame  species/' 
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from  haying  been  made  ont,  that  it  is  by  no  means  certain  that  those  which 
resolt  from  the  conjugation  of  a  supposed  Palmella  or  Coccochloris,  maj 
not  develop  themselves  into  an  Ulva  or  Conferva ;  and  when  the  phenomena 
of  reproduction  in  the  higher  Algae  (§  485)  are  compared  with  those  which 
present  themselves  in  the  Ferns  (§  494),  it  will  be  seen  that  there  is  a  strong 
analogical  probability  in  favor  of  such  a  view. — This  point  is  one  peculiarly 
deserving  of  further  investigation. 

485.  In  passing  to  the  higher  Algce^  we  encounter  a  very  marked  change 
in  the  mode  in  which  the  Generative  act  is  performed ;  the  essential  cha- 
racter of  it,  however,  still  remaining  the  same.  In  the  structure  of  these 
plants,  as  formerly  pointed  out  (§  249),  we  no  longer  meet  with  the  same 
homogeneousness  as  in  the  simpler  tribes ;  the  frond  has  a  definite  form  and 
structure  in  each  species,  instead  of  being  a  mere  amorphoas  mass ;  the 
several  cells  composing  it  no  longer  repeat  each  other,  but  exhibit  a  great 
variety  of  forms  and  modes  of  aggregation ;  and  they  no  longer  possess  a 
capacity  for  independent  existence.  The  Generative  function  is  now  limited 
to  particular  portions  of  the  fabric ;  and  the  sexual  distinction  between  the 
''sperm-cells" and  the  ''germ-cells"  becomes  apparent.  The  "germ-cells," 
within  which  the  "embryo-cells"  that  give  origin  to  the  new  generation  are 
to  be  formed,  are  commonly  found  in  the  interior  of  "  conceptacles"  (Fig. 
19T,  a)  lined  with  filamentous  cells,  the  contents  of  which  appear  to  be 
gradually  absorbed  into  the  germ-cells,  so  that  whilst  the  latter  increase, 
the  former  are  emptied  and  shrink,  sometimes  at  last  disappearing  alto- 
gether. The  "  sperm-cells"  (b)  are  distinguished,  towards  the  period  of 
their  maturity,  by  the  peculiar  appearance  of  their  granular  contents,  which 
present  an  orange-hue,  and  gradually  shape  themselves  into  oval  bodies, 
each  with  an  orange-colored  spot,  and  with  two  long  filiform  appendages 
(c),  which,  when  discharged  by  the  rupture  of  the  containing  cell,  have  for 
a  time  a  rapid  undulating  motion,  whereby  these  spermatoid  particles  or 
"  antherozoids"  are  dispersed  through  the  surrounding  water.  The  "  sperm- 
cells"  are  sometimes  contained  within  the  same  conceptacles  as  the  "germ- 
cells"  (as  in  Fucus  canaltculatus),  though  they  may  occupy  different  parts 
of  their  cavity  (as  in  F,  tuherculatus) ;  when  developed  within  distinct  con- 
ceptacles, these  two  sets  of  organs,  which  may  then  be  designated  "  anthe- 
ridia"  and  "  pistillidia,"  are  sometimes  developed  upon  the  same  individuals 
(as  occasionally  in  F.  nodosus),  in  other  cases  upon  different  plants  (as  in 
the  common  F,  vestculosus),^  These  variations  foreshadow  the  diversities  in 
the  dispositioi)  of  the  sexual  organs  in  the  Phanerogamia ;  and  it  is  highly 
interesting  to  see  the  monoecious,  the  dicecious,  and  the  hermaphrodite 
arrangements  thus  presenting  themselves  in  the  very  lowest  plants  in  which 
a  distinction  of  sexes  is  clearly  manifested. — Although  the  precise  manner 
in  which  the  influence  of  the  "  antherozoids"  is  exerted  upon  the  contents 
of  the  "  germ-cells"  has  not  yet  been  made  out,  the  fact  seems  to  have  been 
demonstrated  that  such  influence  is  necessary  for  the  production  of  fertile 
spores.  For  it  has  been  found  by  M.  Thuret,  that  if  the  "  sperm-ceUs"  and 
"  germ-cells"  of  the  dioecious  species  of  Fuci  be  collected  and  kept  separate, 
no  development  occurs  from  the  latter,  although  they  may  put  forth  irre- 
gular prolongations  as  if  about  to  germinate.  But  when  they  are  mingled 
together,  the  "antherozoids" attach  themselves  to  the  " germ-ceUs,"  crawl, 

*  It  was  at  first  stated  by  MM.  Thuret  and  Decaisne,  that  ISiau  veticylatw  wat- 
times  has  its  <*  sperm-cells"  and  *'  germ-cells"  associated  in  the  same  C0Dceptaele8»  ioaN- 
times  limited  to  different  individuals;  but  they  now  affirm  that  the  latter  condition  only 
is  presented  by  the  true  F  Tcsiculosus,  the  former  being  characteristic  of  another 
species,  F.  plaiycarpus^  previously  confounded  with  it. 
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(laplicatiye  subdivision ;  by  the  continuance  of  which  process,  a  cellnkr 
mass  with  a  kind  of  radical  filament  is  formed,  from  which  the  young  plant 
is  progressively  evolved.*  In  some  instances,  however,  the  first  cells  formed 
by  this  process  separate  from  one  another,  being  set  free  by  the  rupture  of 
the  perispore ;  and  each  of  them  may  give  origin  to  an  independent  plant 
or  "phytoid."  In  this  manner,  2,  4,  or  8  '*phytoids"  may  be  produced, 
according  as  the  separation  takes  place  after  the  first,  the  second,  or  the 
third  subdivision.' — It  is  only  in  the  higher  Algae,  however,  that  **sperm- 
eells"  and  "  germ-cells"  are  thus  included  within  distinct  conceptacles,  deve- 
loped from  j)articular  portions  of  the  frond ;  for  these,  in  the  lower  tribes, 
are  neither  distinctly  separated  from  the  surrounding  tissues,  nor  are  they 
limited  to  any  special  parts  of  the  surface  of  the  frond. 

486.  Besides  the  true  generative  process  which  has  been  now  described, 
the  Alga;  are  generally  (probably  universally)  furnished  with  a  means  of 
multipiication,  by  the  production  of  gemmce,  which  detach  themselves  from 
the  stock,  and  are  developed  into  separate  *'phytoids."  In  a  large  pro- 
portion of  the  group,  the  gemmae  correspond  with  the  "  zoospores"  of  the 
Protophyta  (§  484) ;  being  provided  with  numerous  vibratile  filaments,  or 
cilia,  by  the  movements  of  which  they  are  dispersed  through  the  water.* 
There  is  such  a  resemblance,  in  some  instances,  between  these  ''zoospores'* 
and  the  '*  antherozoids"  just  described,  that  they  might  be  readily  con- 
founded together ;  their  physiological  difference,  however,  is  most  complete, 
since  every  ''zoospore"  may  develop  itself  into  a  new  "phytoid,"  whilst 
the  "  antherozoids"  can  themselves  produce  nothing,  their  influence  being 
only  exerted  in  fertilizing  the  "germ-cells." — ^But  in  the  large  order  Flori- 
decBj  the  plants  composing  which  are  for  the  most  part  of  a  red  or  reddish 
color,  the  gemmae  have  no  self-moving  power;  and  in  consequence  of  their 
usually  occurring  in  groups  of  four  (Pig.  198,  b),  they  are  known  ai 
' '  tetraspores.  "*    They  are  generally  immersed  in  the  substance  of  the  frond, 

'  **Compte8  Rendas,"  Avril  25,  1853,  and  "Ann.  of  Nat.  Hist."  2d  Ser.,  vol.  xii., 
p.  64. 

'  The  first  great  advance  towards  our  present  knowledge  of  the  sexual  reproduction 
of  the  higher  Algas,  was  the  discovery  of  the  antheridial  character  of  certain  of  the 
conceptacles  of  the  Fucacea;,  made  by  MM.  Decaisne  and  Thuret  in  1844  (**Ann.  des 
Sci.  Nat.,"  3*  S^r.,  13otan.,  torn,  iii.) ;  and  on  this  discovery  Dr.  Harvey  proceeded,  so 
far  as  he  was  justified  in  doing,  in  remodelling  the  arrangement  of  the  class  (**ManatI 
of  the  British  Marine  Algse,"  1849).  A  most  valuable  scries  of  observations  has  been 
subsequently  made  by  M.  Thuret  and  MM.  Derbes  and  Soulier  ("Ann.  des  ScL  Nat," 
ii  Sdr.,  BotAn.,  tbm.  xiv.,  xvi.)  ;  and  the  experiments  of  the  former  of  these  excellent 
observers  have  now  furnished  the  proof  of  sexuality  which  was  previously  deficient 

'  The  discovery  that  a  large  proportion  of  the  highest  Algse  (including  the  fSteaeas 
and  their  allies)  multiply,  like  the  Protophyta  by  "  zoospores,"  has  been  recently  made  by 
M.  Thuret.  See  his  "Recherches  sur  Ics  Zoospores  des  Algues,"  in  **Ann.  des  SeL 
Nat,"  3«  Sdr.,  Botan.,  tom.  xiv. 

*  Much  discrepancy  of  opinion  has  existed  in  regard  to  the  homology  of  the  **  tetr»- 
sporcs"  of  the  Fhridese ;  the  history  of  their  evolution  not  having  been  accomtely  fol- 
lowed out.  By  Agardh,  Decaisne,  and  some  other  distinguished  Algologists,  they  have 
been  regarded  as  the  generative  spores ;  whilst  the  conceptacular  spores  have  been  re- 
garded as  gemmae.  The  view  taken  above,  which  is  that  first  propounded  by  Mr* 
Thwaites,  and  adopted  by  Dr.  Harvey  ("  Manual  of  British  Marine  Algae,"  2d  Edit,  p. 
68),  is  supported  by  the  fact  since  established  by  M.  Thuret  ("Ann.  des  ScL  Nat,"  9* 
S^r.,  Botan.,  tom.  xvi.,  p.  14),  that  the  antheridia  and  the  generaUve  (conceptacolar' 
spores  occupy  corresponding  parts  of  different  plants.  It  is  remarkable  that,  aeeccd- 
ing  to  the  observations  of  M.  Thuret,  the  "  antherozoids"  of  the  Floridem  shoiild  agree 
with  their  "tetraspores,"  in  being  destitute  of  the  cilia  possessed  alike  by  the  "anthe- 
rozoids" and  by  the  "zoospores"  of  the  Fucacess. 
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•to  a  special  brtindj  (Fig. 
J4);lliey  are  seldom  iti- 
cluded  in  distinct  coiicep- 
lacl<?s,  and  are  in  this  re- 
spect OTilike  the  true  ge- 
nerative spores.  Each 
ronp  seems  to  be  o  vol  red 
ithin  one  of  the  ordinory 
cells  of  the  frond,  which 
under j^oes  a  duplicative 
.subdivision  j  the  four  se- 
condary celts  thus  formed, 
however,  rcnmlu  inclosed 
within  their  primary  cell 
until  the  period  of  matu- 
rity, a  new  envelop  of  a 
semi-gelatinous  character, 
the  **periBpore,"  being 
formed  around  them.  The 
dispersion  of  these  tetra- 
^pores  can  only  be  effected 
bv  the  movements  of  the 
water  iuto  which  they  are 
emitted  by  the  rupture  of  the  peri  spore. 

487,  The  Generative  apparatus  of  the  little  j^oup  of  C9taraetm  presents 
us  with  a  closer  approximation  than  we  have  as  yet  seen  among  the  ordi- 
imry  Algoe,  to  that  of  the  higher  Cr>'ptogamia,  and  even,  lu  some  particn- 
rs  to  that  of  ^'lowering  Plants  j  and  this,  notwithstanding  that  the  Nntri- 
ve  organs  are  as  simple  in  their  character  as  are  those  of  Coufervic.    Tht 
r^encrative  apparatus  consists  of  two  sets  of  bodies,  both  of  which  grow  at 
the  base  of  the  branches  (Fig.  IDO,  b)  ;  one  set  (b)  is  known  by  the  desig- 
nation of  "globules,'^  and  the  other  (a)  by  that  of  '* nucules," — The  "glo- 
bules/' which  are  nearly  spherical,  have  an  envelop  made  up  of  eight 
iangular  valves,  often  curiously  marked,  which  inclose  a  "nucleus"  of  a 
reddish  color.     This  nucleus  (c)  is  principally  composed  of  a  nmsa  of 
ents,  rolled  up  compactly  together;  and  each  of  these  filaments  (d)  is 
rmed,  like  a  Conferva,  of  n  linear  succession  of  cells.     In  every  one  of 
;he^e  cells  there  is  Fceu,  at  the  period  of  maturity  of  the  organ,  a  spiral 
bread  of  two  or  three  cuil.^   (e),  which,  at  fir^t  motionless,  after  a  time 
lie  gins  to  move  and  revolve  within  the  cell ;  and  at  last  the  cell- wall  gives 
ay.  and  the  spiral  thread  makes  its  way  out,  partially  straightens  itself, 
moves  activL4y  through  tlie  water  for  some  time,  in  a  tolerably  deter- 
inale  direction,  by  the  lashing  action  of  two  long  and  very  delicate  fila- 
ents,  with  %vhich  these  bodies,  like  the  **antherozoids"  of  the  Fucacea?, 
furni.4ied. — The  gcrm-eell  is  contained  within  the  ** nucule;"  the  exte- 
of  which  body  is  formed  by  five  spirally-twisted  tubes,  that  give  to  it  a 
peculiar  aspect.     What  is  tlie  precise  nature  of  its  nucleus,  is  as  yet 
rrtain  ;  it  would  seem  probable  that  this  chiefly  consists  of  a  mass  of 
Hij  matter  (resemlding  that  of  the  "  albumen*'  of  a  true  seed)  in  which 
single  germ-cell  is  imbedded.     For  when  the  nncule  is  cut  across,  or  IB 
ptured  by  pressure,  a  multitude  of  little  grains  are  forced  out,  which  are 
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preyed  by  the  iodine  test  to  consist  of  starch ;  and  it  has  been  determined 
by  the  observations  of  Yancher,  that  only  one  embryo  is  deyeloped  from 
each  nncnle,  and  this  by  a  process  that  much  resembles  the  germination  of 

Fig.  199. 


A,  Chara  fcetida : — B,  its  fnictifioation  ;  a,  nucule;  b,  globule :-~c,  globule  laid  open:— 
D,  OQO  of  its  contalucd  antheridiol  tubes:— e,  discharged  antherosoidi. 

a  Phanerogamic  Plant.* — The  Characece  may  be  multiplied  by  artificial 
subdivision,  the  separated  parts  continuing  to  vegetate  under  favorable 

^  It  is  somewhat  remarkable  that,  although  thp  Charaeeas  have  long  been  fiiTorite 
subjects  for  observatioD  amongst  Microscopists,  much  should  still  remain  to  be  deter- 
mined respecting  the  structure  of  the  nucule,  and  the  mode  in  which  the  genendfC 
act  is  accomplished.  The  **  anthcrozoids"  were  first  seen  by  Bischoff^  in  1828 ;  bvt 
were  regarded  by  him  as  independent  Infusoria.  Their  exit  from  the  antheridial  fit- 
ments was  first  discovered  by  Mr.  Varley,  who  described  them  in  the  <*  Transaotioiu  of 
the  Society  of  Arts"  for  1834 ;  they  were  afterwards  independently  diacoTered  by  31. 
Thurct,  and  described  by  him  in  the  "  Ann.  des  Sci.  Nat.,"  for  1840.  The  precise  re- 
lation T)f  the  *<  nucule*'  to  the  "  archcgonium"  (pestillidium)  of  higher  Cryptogunia*  i* 
still  a  matter  of  discussion. — See  a  Memoir  by  Braun,  translated  in  the  "Ann.  of  K«t 
Hist,"  2d  Scr.,  vol.  xii.  p.  297. 
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drcuinstances,  and  developing  the  entire  structure ;  and  under  paitlinilar 
coiiditions,  they  develop  **bijlbe]s/^  or  gemmm  of  a  peculiar  kind,  being 
little  eln&ters  of  cells  filled  with  starch,  which  sprout  from  the  siile  of  the 
central  axis,  and  then,  falling  ofT,  evolve  the  long  tubifomi  cells  charac- 
teristic of  this  group.* 

488.  Although  the  existence  of  a  true  Generative  process  in  Lichens  can- 
not be  yet  said  to  have  been  completely  eetaldished  by  observation,  yet  there 
seems  every  probability  that  here,  as  elsewhere,  the  eonenrrencD  of  **sperm- 
eells"  and  **  germ-cells''  is  requisite,  and  that  these  are  respectively  de- 
veloped within  separate  organs,  which  usually  coexist,  however,  in  the  same 
plants;  that  which  has  long  been  known  as  the  "fructification"  of  the  Li- 
chens, being,  in  reality,  only  the  female  portion  of  the  apparatna.  From 
the  researches  of  M.  Tulasne,'it  appears  that  Lichens  nearly  always  possess, 
in  addition  to  the  *'  fructification"  which  is  commonly  recognized  by  its  pro- 
jection from  the  thalhis  (Figs.  16,  It,  SiJO,  A,  B,  a,  a),  a  set  of  peculiar  organs 
of  much  smaller  size  (Fig.  200^  a,  b,  s  s)  commonly  imbedded  in  the  sub- 
stance of  the  thallus,  to  which  he  has  given  the  distinctive  appellation  of 
gpermor/onia,^  These  "  spermogonia,"  when  traversed  hy  a  section  (n),  are 
found  to  be  cavities  lined  with  a  filamentous  tissue,  whose  component  tiia- 
rnents  are  sometimes  simple,  sometimes  ramose  j  and  from  the  exterior  of  the 
cells  of  these  filaments  (k),  a  vast  number  of  minute  ovoid  bodies  are  (so  to 
speak)  budded-off.  These  Ijodies?,  termed  spermaita  by  M,  Tulasnc,  drop 
when  mature  from  the  filaments  on  which  they  have  pullulated,  and  escape 
in  great  numbers  by  the  orifice  of  the  spermogoniura ;  like  the  antherozoids 
of  Floridem^  they  are  destitute  of  any  power  of  spontaneous  movement ;  and 
as  their  participation  in  the  production  of  fertile  spores  has  not  yet  been 
demonstrated,  we  cannot  yet  iudubitahly  assign  to  them  the  character  of 
**  sperm-cells,"  although  their  possession  of  this  attribute  is  rendered  highly 
probable  by  the  considerations  adduced  by  M.  Tulasne.**--The  female  por- 
tion of  the  generative  apparatus,  though  sometimes  dispersed  through  the 
thai  ins,  is  asually  collected  into  special  aggregations,  which  fonn  projec- 
tions of  various  shapes ;  these,  although  they  have  received  a  variety  of 
dc:?lgnation!S  according  to  their  particular  conformation,  may  all  be  included 
under  the  general  term  apoihecia  (Fig,  200,  a,  b,  a,  a).  When  these  bodies 
e  divided  by  a  vertical  section  (c)  they  are  found  to  contain,  at  tht^ir  ma- 
rt ty,  a  number  of  met,  or  spore-cases,  arranged  vertically  in  the  midst  of 
a  miii^s  of  straiglit  elongated  cells  or  filaments,  which  arc  termed  **  para- 
pliy^cs/*  Each  of  the  asci  contains  a  certain  number  of  ''  spores-*  (varying 
from  four  to  sixteen,  but  being  always  a  multiple  of  two),  which  is  constant 
for  each  speeics;  the  spores  themselves  (r)  are  sometimes  multilocular. 
Each  of  these  spores,  when  set  free  from  lis  containing  capsule,  may  give 
origin,  by  the  usual  process  of  duplicative  subdivision,  to  a  new  plant.  It 
sunns  pruhable,  from  the  analogy  of  higher  Cryptogamia,  that  every  one 
f  llic  **asci''  originates  from  a  single  **  cmbryo-eell,  which  has  been  dcve- 


*  The  mnUipHcatlon  by  bulbcls  wns  deBeribed  by  Amici  in  1827;  but  hf^  Dbiserrnttons 
eem  to  lifi?e  been  forgotlco  by  Botanists,  until  the  fnct  was  rediscovered  by  M.  51cm- 
iicne  (**AnJi.  des  ScL  Nat,'*  ii"  S^n,  Botan.,  torn.  xTiiL  p.  (iC*). 


I 

^P     »  *^  Ann,  iies  ScL  Kftt.,"  3»  B6r.,  Botiin..  torn.  xvVi. 

^^  *  Tlie  j^eeuliarities  of  these  bodies  and  of  their  products^  are  conHidcred  hy  ^I,  TuIjisth) 
i^  fuffidng  to  d  i  sting  HI  sh  them  from  the  *■  antiterldm''  and  ^'nnlhertiaoida"  of  liigher 
Cry|>tognmmi  althnugU  their  fuDGtion.s  may  ha  CEscDtLally  tli<3  iiame. 

*  U  d<»ea  Etot  &e«m  at  &I1  imjirobablo  tbat  tbcse  qiermatia  hold  much  thi^  fit  me  irlntmn 
%o  th«*  oniinary  aotberozordst  that  the  seminnl  p&rticltjs  of  Bome  of  the  Etjtoxfiri  do  to 
lie  ordjrifirj  spermntoioii;  bt'iiig,  in  fact,  the  aeconilAry  sperm^odk  IhemseWes,  instead 
bidng  filamenta  developed  within  those  aperm-CiUs* 
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loped  within  a  "  germ-cell"  as  a  consequence  of  the  fertilizing  inflaence  of 
the  "  spermatoid"  bodies  eYolved  from  the  spcrmogonia ;  but  nothing  certain 

Fig.  200. 


Qencrutivc  Apparatus  ^f  Colhma  jm1p<mim : — a,  rrn;;moiit  of  the  plant  enlarged,  thMnB; 
the  Bcutclla  and  the  spcrmo^dnin,  the  I'ormer  hein^  tho  Inrge  flat  expanvionf,  and  tk«  btltr 
the  minuter  prntubcrancef  near  the  ends  of  the  lubes  of  tho  frond : — b,  rertieal  atetioa  of  ^ 
]K>rtion  of  the  frond,  traversing;  two  scutella,  a,  n.  and  two  spcrmogonia,  «,•.*—€,  ▼«rdal  IK' 
tion  of  tho  hymeneal  tissue  of  the  scutellum,  ineluiiing  tho  spores: — D,  Tertical  MoUoaof  a 
spermon^onium,  from  which  a  multitude  uf  spcrmatia  are  being  ejected: — s,  portion  of  tkttim* 
lining  this  cavity,  with  detached  sponnatia: — f,  mature  spores  of  CoUema  sa/Mminas. 
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can  as  yet  be  stated  on  this  point. — Lichens  multiply  also  by  a  method  of 
ffemmiparons  reprodaction,  which  reminds  ns  of  the  "  tetraspores''  of  the 
l^%or%de€e  (§  486);  for  between 'their  mednllary  and  their  upper  cortical 
layers,  there  is  found  a  layer  of  rounded  green-cells,  sometimes  nearly  con- 
tinuous, in  other  cases  more  interrupted,  the  cells  being  aggregated  in  little 
masses  of  variable  size,  which  are  termed  gonidia.  These  gradually  find 
their  way  through  the  cortical  layer,  so  as  to  appear  on  the  surface  as  little 
pulverulent  masses,  which  are  termed  soredta;  and,  when  dispersed  and 
separated,  each  of  the  component  cells  is  capable  of  developing  itself  into 
a  new  "  phytoid." 

489.  Our  knowledge  of  the  Generative  process  in  Iltngt  is  nearly  on  the 
same  grade  with  our  acquaintance  with  this  function  in  tibe  Lichens.  For 
although  the  reproductive  apparatus  of  the  Fungi  is  so  extraordinarily 


V«rtieftl  seetion  of  the  niperfioUl  and  fertile  tistne  of  Tremella  metenteriea,  fhowing  tbv 
tMfidiay  ch  a,  in  different  etagei  of  development ;  b,  b,  the  same  patting  forth  sporophoros,  or 
elongated  filamenta  bearing  apores,  c,  r,  at  their  extremitiea ;  d,  dy  spores  in  germination ; 
e,  ;  the  mbiiite  globnlar  ipennatia,  dereloped  at  the  extremities  of  special  branching  fila- 

developed  as  to  constitute  the  great  bulk  of  the  ostensible  plant,  yet  it  Ik 
only  of  late  that  any  evidence  has  been  afforded,  by  the  researches  of  M. 
Tolasne/  of  the  existence  of  distinct  sexes  in  this  group.  By  the  exami- 
nation of  a  large  number  of  species  belonging  to  different  orders,  he  has 

I  «*Aiiii.  des  Sci.  Nat.,*'  8«  S^r.  Botan.,  torn.  six.  p.  193;  torn.  xz.  p.  129. 
32 


498 


OF  GENERATION  AND  DEVELOPMENT. 


ascertained  that  the  presence  of  bodies  resembling  the  spermatia  of  Lichens 
is  probably  universal  in  the  organs  of  fructification,  at  an  eariy  period  of 
their  development.  These  bodies  (Fig.  201,  e,  e),  are  budded  off  (so  to 
speak)  from  ramifying  filaments,  which  are  sometimes  developed  in  the  midst 
of  those  that  bear  the  "  spores,"  and  are  sometimes  found  on  other  parts  of 
the  plant,  being  occasionally  included  within  distinct  concepticles,  or  iper- 
mogonia,  as  in  Lichens. — The  ordinary  mode  in  which  the  "spores"  are 
developed,  is  within  prolongations  from  certain  cells  termed  bastdta,  which 
may  be  either  borne  on  long  filamentous  stalks,  as  in  TremeUa  (Fig.  201, 
a,  a),  or  may  be  more  compactly  clustered  together  in  the  substance  of  a 
membrane  (Fig.  202,  b,  a).  These  basidia  themselves  put  forth  extensions, 
commonly  four  in  number,  which  sometimes  attain  a  considerable  length 
(Fig.  201,  h,  h) ;  and  it  is  within  the  extremities  of  these  tubular  extensions, 
according  to  Schleiden,*  that  the  spores  are  developed  as  "free  cells,"  which 
afterwards  become  detached  by  the  rupture  of  the  basidial  filaments. — ^With 

a  great  degree   of 
FJg.  202.  constancy   in   these 

B        .  essential  features  of 

the  structure  of  the 
Generative  appara- 
tus, this  class  pre- 
sents  an  immense 
variety  in  the  forms 
of  the  organs  which 
contain  the  spores. 
The  highest  type  is 
generally  considered 
to  be  that  of  the 
HymenomycetoHS 
group,  of  which  the 
Agarics  are  char- 
acteristic examples. 
In  these,  when  the 
fructification  is  follj 
developed,  we  see  a 
dome-shaped  body, 
termed  the  pilots 
(Fig.  202,  A,  a). 
surmounted  upon  a 
stipes  or  stem  (r), 
which  rises  from  the 
mycelium  (d),  that  constitutes  the  nutritive  portion  of  the  fabric.  The 
pileus  is  composed  of  two  membranes,  of  which  the  upper  and  outer  is 
simple  and  sterile,  like  the  cortical  layer  of  the  Lichens ;  whilst  the  inner 
and  lower,  which  is  termed  the  hymenium,  contains  the  basidia.  The  sur- 
face of  this  membrane  is  usually  extended  by  duplication  or  involution; 
thus,  in  the  Agarics,  it  forms  vertical  plates  termed  lamelhe  or  gills,  whidi 
radiate  from  the  stipes  towards  the  circumference  of  the  pileus  (a  h,  ud 
B  a)  ;  in  Boletus  and  Polyporus,  it  lines  a  mass  of  vertical  tubes  arranged 
like  the  cells  of  a  honeycomb ;  and  in  Hydnum,  it  covers  the  exterior  of  a 
similariy-arranged  series  of  solid  columns.  Of  the  time  at  which  the  act 
of  fecundation  is  performed,  and  of  the  mode  in  which  it  is  effected,  we 

>  "Principles  of  Scientific  Botnny,"  translated  bj  Dr.  Lankester,  pp.  15S— 155. 


Structure  of  Agarics  campe$tr\9 :  a,  vortical  section  of  the 
entire  plant;  showing  a,  the  pileus;  6,  the  lamellso  covered  by  the 
hymenium  ;  c,  the  stipes;  </,  the  mycelium  : — b,  portions  of  the 
fructification  enlarged ;  a,  section  through  the  lamellaB,  showing 
the  investing  hymenium,  and  the  spores  clustered  npon  it ;  h,  por- 
tion of  hymenium  with  basidia  in  four  different  stages  of  forma- 
tion ;  c»  basidium  somewhat  more  developed,  one  of  tho  processes 
.showing  the  spore  in  its  first  stage,  the  other  more  advanced ;  d, 
basidium  with  four  processes  and  as  many  half-developed  spores ; 
e,  the  upper  part  of  a  basidium  with  a  fully  developed  spore  on 
one  of  its  processes. 
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have  as  yet  no  knowledge. — It  has  long  been  known  that  from  the  same 
tnycdium,  very  different  forms  of  fructification  (constituting  in  this  group 
the  ostensible  Plants)  might  be  evolyed ;  and  it  has  been  recently  shown  by 
M.  Tulasne,  who  has  added  greatly  to  our  knowledge  of  these,  that  even 
the  Theca9pore<B  (which,  on  account  of  their  bearing  distinct  spore-cases 
or  thee®  resembling  the  asci  of  Lichens,  hare  been  regarded  as  a  very  dis- 
tinct group,  and  have  even  been  referred  by  Schleiden  to  the  class  of  Lichens), 
are  handtosporous  at  one  period  of  their  evolution.  It  may  be  reasonably 
suspected  that  some  of  these  forms  of  fructification  arc  rather  destined  for 
the  multiplication  of  the  plant  by  gemtrng,  than  for  the  evolution  of  true 
generative  products. 

490.  The  usual  mode  of  the  evolution  of  the  new  plant  from  the  spores 
detached  from  the  parent  seems  to  be,  in  the  first  place,  the  protrusion  of 
one  or  more  long  tubes  formed  by  the  inner  coat,  through  apertures  or 
fissures  in  the  outer  coat.     These  tubiform  cells  branch  and  subdivide,  so 

Fig.  208. 
A 

b 


.  era  m  #  "^<^) 


..-:V     tip   Q&  Q 


Different  BUgef  of  the  vegetation  of  Torula  Certvina,  or  Yeast  Plant. 

A.  FnA  Yeaai—a,  Single  ccllt  of  which  it  at  first  consists,  overlapping  and  showing  their 
tnuiapareiMj;  (,  micrometer  scale,  indicating  one  hundredth  of  a  millimetre,  with  a  progres- 
Aw  atriet  of  imaU  leedi  or  seminules,  the  first  two  beginning  to  become  vesicular  at  the 
eeotrtt,  th«  two  othen  showing  the  thickness  of  the  cells,  and  their  interior  small  granules  of 
Tmriabla  fiie.  b.  Yeart  in  wort  for  one  AoMr— cells  with  buds.  c.  Yeatt  in  vort  for  eight 
I  united  and  oonverted  into  moniliform  or  jointed  filaments,  by  eontinuance  of  the 
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Fig.  204. 


Successive  atages  of  Archegonia  (pis- 
tillidia)  of  MarchatUia  polymorpha. 


08  to  form  the  mycelium  or  vegetative  thallns,  which  seems  common  to 
nearly  all  Fungi  (§  26.)  In  the  Uredinea,  however,  and  perhaps  in  some 
other  groups,  the  first  product  of  the  germination  of  the  spores  is  a  j^romjf- 
celium,  which  buds  off  vesicles  that  form  the  true  mycelium,  and  then  itself 
ceases  to  exist.' — In  their  early  stage  of  development,  it  would  seem  as  if 
these  plants  could  multiply  indefinitely  by  the  separation  of  their  compo- 
nent cells.  This  has  been  especially  noticed  in  regard  to  the  Taruia  cert- 
visia,  or  "yeast-plant,"  which  is  found  in  Yeast  in  the  condition  of 
isolated  cells  (Fig.  203,  a)  ;  constituting,  in  fact,  a  type  of  vegetation 

closely  analogous  to  that  of  the  simplest 
Protophyta.  When  placed  in  a  fermenti- 
ble  fluid,  these  cells  rapidly  multiply; 
not,  however,  by  that  process  of  dupli- 
cative subdivision  which  prevails  among 
the  lower  Algae,  but  by  the  budding- 
forth  of  young  cells  from  their  pariete? 
(b).  These,  in  the  course  of  a  short 
thne,  become  complete  cells,  and  again 
perform  the  same  process  (c) ;  and  in  this 
way,  the  single  cells  of  yeast  develoj) 
themselves  in  the  course  of  a  few  hoars 
into  rows  of  four,  five,  or  six,  which  re- 
main in  continuity  with  each  other  while 
the  plant  is  still  growing,  but  trhich 
separate  if  the  fermenting  process  be 
checked,  and  return  to  the  condition  of 
those  which  originally  constituted  the 
yeast.  Thus  it  is  that  the  quantity  of 
yeast  first  introduced  into  the  fermentible 
fluid,  is  increased  by  many  times  during 
the  process.  If  the  process  of  fermenta- 
tion bo  allowed  to  continue,  however, 
each  of  the  necklace-like  filaments  extends 
itself  by  the  production  of  new  cells  in 
continuity  with  the  preceding;  and  the 
fructification  characteristic  of  the  species 
is  at  last  evolved. 

491.  In  the  Hepaticce  and  Mosses,  we 
have  no  difiiculty  in  recognizing  two  dis- 
tinct sets  of  sexual  organs,  besides  a  pro- 
vision for  the  production  and  detachment 
of  free  gemmse  or  "  bulbels."  The  cw- 
theridia — which  are  sometimes  buried  in 
the  substance  of  the  frond,  but  in  tlie 
higher  forms  project  as  stalked  bodies 
from  its  surface  (Fig.  2S) — contain  spenn- 
cells,  within  which  are  developed  "  anthe 
rozoids,"  that  closely  approximate  m 
appearance  and  in  the  nature  of  their 
movements  to  those  of  the  CharMec. 
The  archegonia  {or  pistilUdia),*  are  usually  minute  flask-shaped  bodies  (!%• 


A,  female  generative  organs  of  Jun- 
tjrnnannia  hicu*pidata: — n,  unimprog- 
untcd  arcbegonium,  containing  germ- 
cell;  h,  archcgoniuin,  containing  fer- 
tilised embryo-cell  becoming  double  by 
subdivision ;  c,  spermatic  filaments  con- 
tained witbin  tbe  periantb  inclosing  tlic 
nrcbegonium,  and  moving  in  tho  direc- 
tions indicated  by  the  arrows  : — b,  more 
advanced  embryo,  from  tbe  interior  of 
an  older  arobegonium. 


•  See  TuUsne,  in  ♦'Comptes  Rendus,"  June  20,  1853. 

'  The  term  ^'pistillidium"  is  objectionable,  as  implying  a  homology  with  tiM  '*p 
of  Pbanerogamia,  which   does  not  exist.     For  whilst  the  pistil  contaiiiB  mtdm,  t^ 
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204),  wliich,  like  the  autheridta,  arc  imbedded  in  the  Bubstance  of  the 
frond  among  the  lower  tribes,  but  project  above  it  in  the  higher,  several 
being  very  eornmonly  included  within  one  **  inTolucrum:-'  at  first  they  are 
Holid,  but  the  partitions  between  the  interior  eella  subsequently  diBappeaTj, 
and  a  canal  is  thus  formed  (Pig,  205,  a  a),  leading  to  a  space  at  the  lower 
part,  within  which  a  free  cell  k  evolved,  it  is  by  a  proceis  of  snbaequent 
development  from  the  archegonia,  that  those  *'eapsuies"  containing 
*' spores"  (Pigs.  24>  25,  206)  are  evolved,  which  are  commonly  regarded 
as  constituting  the  proper  "  fractificatlon^'  of  these  tribes  of  Plants.  And 
there  is  every  reason  for  the  belief  that  this  developmental  process  origin- 
atee  in  a  true  generative  act;  the  *'germ*ct4F  within  the  archegonium 
being  fertilized  by  the  *'  antheroxoids,*'  and  the  '*  primordial  cell"  resulting 
from  this  operation  evolving  itself  by  duplicative  subdivision  (Fig.  206, 
A  A,  b)  into  the  sporc-eapsule  or  fruit  (§  27)*  For  the  antherozoids  have 
been  often  observed  by  Etofmeister  swimming  about  around  the  archegonia 

Fig.  20G. 


Inferior  ai^pect,  a»  micJ  stetioB^l  vtaw^  i,  of  o»«  uf  th%  hthed  roc^ptjiclei  0/  Mttt-rhtntm  po!^. 
m*nrpktt,  thuwiiag  the  Etpurnngia  un  its  tjndtr  aiirriice* 

Within  their  involucrum-  and  it  has  been  ascertained  that  when  the  antbe- 
ridia  and  archegonia  are  developed  upon  different  individuals,  as  happens 
in  some  species  of  Mosses,  the  evolution  of  the  latter  into  capsules  does 
not  take  place,  unless  the  plants  bearing  the  former  are  in  tiie  neighbor- 
I  hood.  Moreover,  it  lias  been  shown  by  Mr,  Yalentin^a  elaborate  investi- 
i  gatioDS.'  that  do  impregnation  of  the  coutents  of  the  capsule,  by  the  intro* 
daction  of  any  external  subBtatice  into  its  cavity,  can  take  place  after  the 
formation  of  the  spores.  In  this  poiat  of  view,  such  a  mass  would  repre- 
sent the  dastered  spores  of  the  Faci  (|  485)  in  every  respect,  save  that  the 
process  of  subdivision  has  proceeded  much  further;  it  would  also  represeat 
the  single  embryo  of  the  Flowering- plant,  which  also  is  composed  of  a  mass 
of  cells  originating  in  the  subdivision  of  the  primordial  embryo-cell  The 
*'  spores,"  however,  are  capable  of  existing  independently  of  each  other, 
life«  the  cells  of  a  Palmclla;  and  thus  from  each  of  them  a  distinct  "  phy- 
Irtoid^'  may  arise. — In  the  development  of  one  of  these  cells  into  a  new 
plant,  the  first  stage  is  the  rupture  of  it^  outer  coat,  and  the  protrusion  of 
the  delicate  cell- wall  that  lined  it.     By  the  subdivision  of  this  primary-cell, 

lifviifgoniuixi  cQittains  but  ik  single  ''  genn-eeU/'  tmd  ia  itself,  perhaps,  to  ht  hkcacd  to 
Uie  OTGiie  ooataiQiDg  the  embryonic  vesicle  (|  506), 
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an  embryoQic  claster  is  soon  formed,  presenting  a  very  conferroid  aspect, 
so  as  closely  to  resemble  the  mature  condition  of  plants  mach  lower  in  the 
scale  of  organization.  It  is  by  a  continuation  of  the  same  process,  that 
the  **  frond"  of  the  Hepaticce^  which  presents  various  gradations  from  a 
simple  and  almost  amorphous  expansion  to  an  assemblage  of  parts  arranged 
with  some  degree  of  regularity  upon  an  axis,  is  gradually  evolved;  and 
from  every  part  of  its  under  surface  proceed  radical  fibres,  which  remain  in 
the  condition  of  the  simple  confervoid  filaments  first  put  forth.  Bat  in 
Mosses,  in  which  there  is  a  more  perfect  separation  of  the  axis  and  its  foli- 
aceous  appendages,  we  find  the  stem  gradually  developed  from  one  end  of 
the  primitive  confervoid  body  or  prothaUium,  at  first,  however,  as  a  mere 
homogeneous  mass  of  cells ;  the  leaves  are  then  put  forth  from  the  axis, 
one  after  another ;  and  the  structure  characteristic  of  the  perfect  organs 
becomes  progressively  apparent.  No  true  root,  or  descending  axis,  is 
ever  evolved  in  Mosses ;  and  the  radical  filaments,  which  proceed  from  the 
base  of  the  stem,  remain  in  the  simple  condition  of  those  which  are  pot 
forth  from  the  prothallium.* 

492.  In  both  these  tribes  of  Cryptogamia,  there  is  a  provision  for  the 

Fig.  207. 


Gomtniparoas  conceptnclcs  of  Marchantia  polymorpha: — A,  conceptaole  Aillj  ezpasM 
rising  from  the  surface  of  the  frond  a  a,  and  oontaioing  disks  already  detaehed: — ^b,  flitt  tp- 
pearance  of  the  conoeptacle  on  the  surface  of  the  frond,  showing  the  manner  in  wbiek  fti 
fringe  is  formed  by  the  splitting  of  the  cuticle  : — D,  section  of  a  conceptaole  in  progrtsi  of 
expansion,  showing  a,  a,  its  thin  fringed  edges,  &,  b,  the  thicker  walls  of  its  lower  portlMf 
and  c  its  base  whence  spring  d  the  bulbols : — c,  portion  of  the  base  more  enlarged,  sbowtag 
the  bulbels  in  various  stages  of  development ;  a,  pedicel,  6,  h,  bolbels  in  their  earliest  coadi- 
tion,  c,  bulbel  more  advanced. 


'  This  view  of  the  generative  process  in  Mosses,  first  put  forth  (1848)  by  Mr.  6.  H. 
K.  Thwaites  ('<  Ann.  of  Nat.  Hist.,"  2d  Ser.,  vol.  i.  p.  105),  has  since  be^  confinned 
by  the  researches  of  Hofmeister  (**  Vergleichende  Untersuchungen  der  Keimung,  Eat- 
fnltung  und  Fruchtbildung  bohercr  Kryptogamen,"  &c.,  1851.) 


mnlti plication  of  independent  "  pbytoidg"  by  gemmation;  and  this  pro- 
vision is  pecnliarly  elaborate  in  Marchantta.  On  Tarions  partj^  of  the  sar- 
face  of  its  tballus  there  may  very  commonly  be  found  little  basket-like 
conceptacles  (Fig,  ^Ot,  a,  b)  in  diiTerent  stages  of  growth;  and  within 
these  are  a  number  of  discoidnl  bodies,  each  composed,  when  fully  deve- 
loped, of  two  or  more  layers  of  ce\h.  These  gemmte  are  at  first  evolved 
as  single  globular  cells,  supported  upon  footiitalks  which  consist  of  single 
elongated  cells,  rising  from  the  bsu^e  of  the  coiiceptacle  (c,  d)  ;  the  eiDgle 
cells  undergoing  multiplication  by  duplicative  subdivision,  are  developed 
into  the  disks ;  and  these,  when  mature,  spontaneously  detach  themselve« 
from  their  pedicels,  and  lie  free  within  the  cavity  of  their  conceptaclu. 
Most  commonly  they  are  at  last  washed  out  by  min,  and  are  thns  carried 
to  different  parts  of  the  neighboring  soil,  on  which  they  grow  ygtj  rapidly 
when  well  supplied  with  moisture ;  sometimes^  however,  they  may  be  found 
growing  whilst  still  contained  within  the  conceptacle,  and  seem  to  graft 
themselves  (as  it  were)  on  the  stock  from  which  they  are  developed* — 
Among  Mosses ^  again,  there  are  several  instances  in  which  buds  that  spon- 
taneously detach  themselves,  or  ^'  free  gemmae,"  are  developed^  sometimes 
from  the  stem,  sometimes  from  the  leaves,  and  sometimes  from  the  root- 
fibres ;  and  this  kind  of  multiplication  may  even  take  place  in  the  confer* 
void  state  of  the  *'prot1iaUium,"  which  frequently  separates  into  several 
parts,  from  each  of  which  a  new  "  phytoid"  may  be  evolved.  There  are 
certain  species  of  Mosses,  which  rarely,  if  ever,  occur  with  true  fructifica- 
tion in  certain  localities,  their  propagation  being  effected  almost  solely  by 
the  spontaneous  detachment  of  gemmie  which  are  put  forth  from  theiV 
stems;  and  thns  among  these  humble  plants,  the  product  of  a  single  sexual 
operation  may  attain  the  age  of  our  largest  trees,  and  may  occupy  as  large 
a  space  in  the  economy  of  nature.^ 

493.  It  was  by  the  discoveries  made  not  long  since,  in  regard  to  the  pro- 
cesses of  Qeneration  and  development  in  the  class  of  Ferru^  that  a  new 
light  was  first  thrown  upon  the  nature  of  these  operations,  not  only  in  thi^ 
particular  group,  but  in  the  Cryptogamia  in  general.  It  now  appears  that 
what  had  been  previously  considered  the  ^*  fructification"  of  the  Fern, 
namely  J  tlie  collections  of  thecm  containing  sporeB^  usually  found  on  the 
under  sides  or  at  the  edges  of  the  fronds  (Fig.  27),  is  really  an  apparatus 
for  gemmi  parous  production;  the  "spore"  not  being  the  immediate  product 
of  the  sejcual  or  true  generative  operation,  but  being  a  free  gemma^  which, 
when  cast  off  by  its  parent,  forthwith  develops  itself  into  a  structure  con- 
taining sexual  organs,  from  which  the  new  generation  really  originates.  It 
will  be  convenient,  howerer,  in  describing  the  process  of  crolutlon,  to  com- 
mence with  the  *'  spore/'  as  the  best-defined  starting-jioint.  This  body  is 
a  eeli  of  irregular  form,  but  usually  somewhat  pyramidal  (Fig.  208,  a)  ;  its 
outer  wall  is  formed  of  a  brownish-colored  resisting  membrane,  in  some 
part  of  which  is  a  minute  aperture;  its  inner  wall  is  extremely  thin  and 
transparent;  and  the  cavity  of  the  cell  contains  an  oleaginous  mucilage, 
in  which  are  usually  found  three  nuclei-  Under  the  influence  of  warmth, 
moisture,  and  light,  the  spore  begins  to  enlarge,  the  first  indication  of  itn 
increase  being  the  rounding-off  of  its  angles ;  then  from  the  orifice  in  its 
outer  wall  is  put  forth  a  tubular  prolongation  of  the  internal  cell-wall 
(dj,  which  serves  as  a  radical  fibre,  absorbing  nourishment  from  the  surface 
OQ  which  the  spore  is  lying ;  and  by  this  absorption,  the  inner  cell  is  so  dis- 
tended that  it  bursts  the  external  unyielding  integument,  and  is  now  directly 


<  TInroites,  op.  cif ,  vol  ii.  p.  314. 
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«xp9B^  to  the  influence  of  light  (b).    Its  eon  tents 
Fig.  208. 


Development  of  Prothf^lHura  of  Pteris  Merrulatfii — a,  8por« 
»(?t  freo  from  th«  tbecu; — b^,  jpore  beginning  to  gcrmlbiite,  put- 
t\njg  fctrtb  the  UbuUr  proLongatioa  Of  from  tbe  priadp&l  cell  h; 
^Ht  Hnfi&r  seHca  gf  celb,  formed  b^  tbo  muLtipIionlioti  of  the 
uTigianl ; — n,  prQibalHum  l^k  m^  this  farca  of  a  leaf]  ike  «xpaji' 
*ion;  a,  firit^  And  6*  i^cond  mclical  Qbre;  e,  c/,  tha  two  lobei»p 
flind  f  the  mdoatBrtion  between  them ;  //,  umder  part  of  the  pfo- 
ibaliiam;  g,  externAl  e«at  of  tb«  original  «poro;  ft,  A^  ftntberidiA. 

Fig.  200. 


Speedily  became  green ; 
flud  the  cell  itself  elon- 
gate m  a  direction  op- 
posite to  that  of  ^e 
root'fibre,  so  that  It 
acquires  a  eylindricftl 
fona.  A  production 
of  new  cells  then  takes 
place  from  its  extremi- 
ty; and  this  at  first 
proceeds  iu  a  singJe 
series,  so  as  t^  form  ^ 
Mad  of  confervoid  fib- 
mentCc);  buttheneir 
growth  goon  takes 
place  laterally  as  ««0 
as  tongittidiiially,  io 
that  a  ilattened,  leaf- 
Ukeexpansion  or  "thai- 
las,"  closely  resemb- 
ling that  of  a  Toaiif 
Marehaatia^  is  soon 
formed.  This  tbsllus 
Turies  in  it-s  confijErunv 
tion  in  different  species 
of  Ferns ;  in  the  spcclcsA 
here  figured  (i>),  it  is 


^^m:. 


tibreB;  ^i  iiithortdi&;  r,  th«  vHrne  nftidr  tho  ditch  Jirg«  of  ihish  coo  ten  u;  df  pistillldiL 
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bilobed,  the  two  diTisiODS  (c,  d)  being  separated  by  a  kind  of  notch  (e)  ; 
bnt  its  essential  structure  is  always  the  same.  From  its  under  surface  are 
developed  additional  root-fibres,  which  serve  to  fix  it  in  the  soil,  and,  at  the 
same  time,  to  supply  it  with  moisture.  To  this  body,  which,  in  its  fully 
developed  form,  is  represented  in  Fig.  209,  the  name  of  prothaUium  has 
been  appropriately  given.* 

494.  At  an  early  period  in  the  development  of  the  "pro thallium,"  cer- 
tain peculiar  glandular-looking  bodies  arc  seen  projecting  from  its  under 
surface  (Fig.  208,  d,  A,  h) ;  these  augment  in  number  ^-ith  the  advance  in 
growth;  and  at  the  time  of  the  complete  evolution  of  the  "  prothallium," 
they  are  seen  in  considerable  numbers  (Fig.  209),  a,  h,  c),  especially  about 
its  base,  near  the  origins  of  the  radical  fibres  (a,  a).  •  These  bodies  owe 
their  origin  to  a  peculiar  protrusion  which  takes  place  from  certain  of  the 
cells  of  the  "prothaUium"  (Fig.  210,  a,  a);  this  is  at  first  entirely  filled 

Fig.  210. 


DeTelopment  of  the  Antheridta  and  Antheroxoidt : — A,  one  of  tho  cells  of  tbo  prothallium, 
bounded  by  thet  cell-wall  e  c  e,  giving  off  a  projection  at  a,  which  contains  a  peculiar  secondary 
JMll,  5/— B,  farther  development  of  this  piri;  a,  projection  of  the  primary  cell;  6,  secondary 
eeU  OT  antberidium  filled  with  a  new  generation  of  cells  e; — c,  antheridinm  completely  deve- 
loped and  shown  on  a  larger  scale;  a,  waU  of  the  secondary  cell;  e,  contained  cells;  each  in- 
closing a  spiral  filament; — d,  one  of  the  spiral  filaments  (antherozoids)  highly  magnified ;  a, 
large  extremity;  b,  other  extremity,  less  dilated;  d,  cUla. 

with  chlorophyll ;  but  soon  a  peculiar  free  cell  (b)  is  seen  in  its  interior, 
filled  with  mucilage  and  colorless  granules.  This  cell  gradually  becomes 
filled  with  another  brood  of  young  cells  (b,  e) ;  it  increases  considerably 
in  its  dimensions,  so  as  to  fill  the  projection  which  incloses  it ;  this  part  of 
the  original  cavity  is  now  completely  cut  off  from  the  primary-cell,  of  which 
it  was  an  offshoot;  and  the  antheridtum  (as  this  peculiar  cell  with  its  con- 
tents is  now  to  be  called)  henceforth  ranks  a  distinct  and  independent  organ. 
Each  of  the  secondary  cells  contained  within  the  primary  cell  of  the  "an- 
theridinm" is  seen  towards  the  period  of  maturity,  to  contain  a  spirally- 
ooOed  filament  (c) ;  and  when  these  cells  have  been  set  free  by  the  bursting 
of  the  antheridinm  (Fig.  209,  a,  c),  they  themselves  burst  and  give  exit  to 
their  "  antherozoids,"  which  execute  rapid  movements  of  rotation  on  their 
axes,  partly  dependent  upon  the  long  cilia  with  which  they  are  furnished 
(Ilg.  210,  d).    Each  of  these  spiral  filaments  makes  from  two  to  three 

'  This  *'  Marchantift-like  expansion"  has  been  long  known  as  the  first  production  f^om 
the  spore;  and  was  described  in  the  earlier  editions  of  this  work  as  a  cotyledon  developed 
for  the  elftboration  of  nourishment  for  the  young  Fern  which  is  afterwards  to  sprout 
ftom  its  centre.  It  will  be  seen,  hereafter,  that  though  it  undoubtedly  performs  an 
mmaioffous  ftmetion,  yet  that  it  cannot  be  regarded  as  homologous  with  a  cotyledon ;  its 
relation  to  the  young  Fern  being  that  of  a  parent  to  its  offspring,  and  not  that  of  a 
temporaiy  leaf  to  a  more  permanent  one. 
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tums ;  its  aoterior  extremity  (a)  ia  considerably  enlaj^ged,  sad 
contain  a  minnte  yesicle ;  its  posterior  estremitj  (()  is  slso 
dilated.' 

495.  Besides  these  bodies,  the  **proth allium"  bears  a  small  nnodMror 
others,  differing  essentiallj  from  the  preceding  in  character,  and  lumBj 
ocenpying  a  different  position ;  thns  in  the  bilobed  If  ond  of  Ptms  \ 


Fig.  211, 


BereltipmeDt  of  tlio  Artk^^onittm  (pi »til1  Idiom)  of  PtenV  termlala .- — jt,^d«  YVtw  fv  lb  ^Af 
tUI«;  a,  g^rm-i^ll ;  K  t^^'^s  ^^  tbe  mrcb^gQDiuiaf  e,  optaiiig  ml  th«  imainlr;  S,  areb«x«ttisa  Ia 
more  odfJiDeed  itage,  leon  from  liwre;  aaa^i  cetli  lurrooodiDg  lli«  baw  of  ||i«  etvl^; 
i,  c,  d,  taec«fiivft  Jay  en  of  celli,  iho  higb«n  ioclodng  a  qundnngalAf  citilee; — &  tcrticAl 
»oetion  at  tb«  titnd  of  ifuprogDi.yDn ;  a  a,  (lAritjr  e0Qt«ial&g  tbe  g«nn-««U;  ss,  valll  o^  tbt 
Arfifapgoniam,  tn&do  tip  of  Ibo  four  l»jeri  of  eetle,  &^  <j «.  mtid  brnving  ad  opeaisg  ea  ^  wtm^ 
mil  ftt/;  !!<?,  ipirnl  filAm«ayf  g,  large  fxlretnitj^  iodOBing  nritherduid,  k\  iu  thrMd-IOn 
ptfrrtion  A  IjiDg  in  tho  cBoal  of  ihe  Archftgoiiiaiit,  Kod  iti  ■iqaU  «Qd  4  dUftted  inta  a 
funs,  iiknd  ID  euDtact  with  the  gcrm-eetl* 


thej  are  seen  near  the  median  indentation  (Fig.  209,  d,  d).  The  nti]isb«r 
of  these  bodies  aeema  indeterminate ;  sometimes  only  three,  in  other  in- 
*  stances  na  many  as  eight  or  more,  being  seen  in  prothallla  of  the  same 
species.  Each  of  them  at  its  origin  presents  itself  only  as  a  slight  eleTft- 
tion  of  tbe  cellular  layer  of  the  prothallinm,  within  which  is  a  large  inter- 
cellular  space,  containing  a  peculiar  cell  (Fig,  211,  A,  a),  and  opening 
externally  by  an  orifice  (c)  at  the  summit  of  the  projection ;  bat  when  folly 
doTclopcd,  it  is  composed  of  from  ten  to  twelve  cells,  built  np  in  l&yi!ii<if 
four  cells  each,  one  upon  another  (n),  bo  as  to  form  a  kind  of  eoltimn  (c), 
baviag  a  central  canal  which  leads  down  to  the  cavity  at  its  base.  The 
snhgequent  history  of  this  body  shows  that  It  is  to  be  considered  as  &« 
arelw^onium  or  female  organ ;  and  that  the  peculiar  cell  contained  in  Uit 
cavity  at  its  base  is  to  be  regarded  as  a  **germ-ceir'  or  *'  embrronal  vesick*'* 
Ai  the  development  of  the  arehegonlum  is  taking  place,  it  appears  thai  cil^ 
tain  of  the  spiral  filaments  or  ''antherozoids,'*  set  free  from  the  antheridlii, 
penetrate  into  its  ca\  tty  ;  and  that  one  of  these  comes  into  peculiar  retalidK 
with  the  embryoaial  vesicle  by  its  smaller  extremity  (c,  i),  wbkb  dilates 
iuio  a  globular  form,  uad  becomes  detached  from  the  remainder  of  the  Qft- 
ment  Tbe  whole  of  the  filament ,  as  it  liea  in  the  e&nnl  of  the  archegonimi 
is  seen  tu  have  enlarged  considerably^  probably  by  the  absorption  of  mneni 
whUst  it  traverses  the  under  side  of  the  prothalliunK     The  contact  of  tkt 

*  Tbo  dlncavfiy  of  tliteo  atithmdia  in  the  **prti-<fmbrjo*'  of  Fema  w%»  ir»t  m*4t  hy 
IL  K Arisen  la  ISifV  lie  gevvi*  an  fictTurntQ  account  of  the  pr<KlnetM>a  of  tii«  tplral  fi»* 
vmkt»f  b«t  fltitifiily  ovc'flofikivi  lii^  '*aT^hcgotiU"  (prewntly  to  b«  dtiCflbed),  mUek  b« 
iecoM  to  h«n  ttgwr^td  as  uathcddlA  la  a  ditfcreat  grad*  of  d«T«I(ifnMiiii, 
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dilated  end  of  the  "  antherozoid"  with  the  **  germ-cell,"  or  embryonal  vesi- 
cle, appears  to  constitute  an  act  of  fecandatiou,  precisely  equivalent  in  all 
essential  particulars  to  the  '^  conjugation"  of  the  Protophyta;  and  as  the 
result  of  this  fecundation,  a  new  body,  the  primordial  cell  of  the  true  em- 
bryo, makes  its  appearance  in  the  interior  of  the  embryonal  vesicle. 

496.  The  germ  has  at  first  a  globular  form,  and  consists  of  a  homoge- 
neous mass  of  minute  cells 

(Fig.  212,  A,  a),  formed  by  Fig.  212. 

the  subdivision  of  the  pri-  ^  ° 

mordial  embryo-cell;  but  as 
its  development  proceeds, 
rudiments  of  specicd  organs 
begin  to  make  their  appear- 
ance; it  grows  at  the  ex- 
pense of  the  nutriment  pre- 
pared for  it  by  the  '*  pro  thal- 
lium;" and  it  soon  bursts 
forth  from  the  cavity  of  the 

^  archegonium,  which  organ, 
in  the  mean  time,  is  becoming 
mtrophied.  In  the  very  bc- 
pnning  of  its  development, 
the  tendency  is  seen  in  the 

■  cells  of  one  extremity  to 
grow  upwards,  to  form  the 
stem  and  leaves;  and  in 
those  of  the  other  extremity 
to  grow  downwards,  to  form 
the  root.  The  condition  of 
the  embryo  when  these  parts 
ftre  first  distinctly  evolving 
themselves,  and  its  relation 
to  the  prothallium,  are  shown  in  Fig.  212,  b;  in  which  we  see  the  rudi- 
ment of  the  first  leaf  at  a,  some  of  the  hairs  upon  its  surface  at  e,  the  first 
cells  of  the  leaf-stalk  at  A,  those  of  the  terminal  bud  or  *' growing  point"  of 
the  stem  at  t,  those  of  the  root  at  5,  those  of  the  prothallium  at  I  m,  and 
the  fragments  of  the  archegonium  at  c  <;  and  -d.  Already  spiral  vessels 
b^n  to  show  themselves,  as  at/. — The  further  progress  of  this  germina- 
tion may  be  readily  apprehended.  When  the  true  root  has  been  sufficiently 
erolved  to  serve  for  the  absorption  of  fluid  nutriment,  and  the  first  true 
frond  has  been  expanded  to  the  air,  so  that  the  young  plant  can  elaborate 
its  own  alimentary  materials,  the  prothallium,  whose  function  is  now  dis- 
charged, decays  away.  The  axis,  elongating  itself  upwards  to  form  the 
stem,  gives  off  successive  leaves ;  and  some  or  all  of  these,  when  fully 
erolved,  bear  the  zori,  or  clusters  of  Uieccd^  which  produce  a  new  brood  of 
spores.' — ^Besides  this  method  of  multiplication,  some  Ferns  possess  another, 

'  The  diseoYery  of  the  archegonia  and  of  their  coDtaincd  germ-cells,  of  the  fccunda- 
tiMi  of  these  by  the  spermatic  filamcDts,  and  of  the  true  relation  of  the  young  Fern  to 
the  prothallium,  is  due  to  Count  Leszczyc-Suminski,  whose  very  beautiful  Monograph 
••2iir  Entwickelungs-Geschichte  der  Farmkrauter,"  published  at  Berlin  in  1848,  also 
eentaina  a  much  more  elaborate  history  of  the  development  of  the  young  Fern,  than 
had  been  previously  given.  In  one  point,  however,  he  seems  to  be  undoubtedly  in 
error;  vix.,  in  having  considered  the  primordial  cell  of  the  embryo  to  have  originated 
in  the  dilated  extremity  of  the  antherozoid,  instead  of  being  a  new  formation  within 


Development  of  the  Embryo  of  Poli/podium  aureum  : 
— A,  archegoniam  some  time  after.fertilization,  contain- 
ing the  germ-cell  A,  within  which  is  seen  the  globular 
embryonic  mass  a;  at  b,  c,  d,  are  shown  the  contracted 
cells  of  the  archegonium.  and  at/  the  opening  ot  its 
summit: — b,  embryo  much  further  advanced,  and 
emerging  from  the  archegonium;  a,  leaf;  6,  root;  c,  c, 
dt  fragments  of  the  archegonium;  e,  hairs;  /,  first  spiral 
vessel;  A,  leafstalk;  t,  terminal  bud  or  growing  point; 
kf  root  sheath;  /,  m,  portion  of  prothallium  supporting 
the  embryo. 
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wliieb  correspoads  with  the  formation  of  fr^  gemmae  In  Uie  Mitrrhiiirir; 
bulbels  being  farmed  from  the  tissue  of  the  leaves,  either  on  the  «if&»  or  b 
the  angles  of  the  lobea ;  and  then  dropping  off  and  becoming  indepefldettl 
plants. 

407.  Thug,  the  hbtorji  of  the  Fem  presents  na  with  a  rerj  ehatacteHstie 
eiample  of  the  so  called  **  alternation  of  generations  j"  and  one,  too,  wlikJi 
remsrkal^lj  Illustrates  the  general  prmeiple  which  has  been  alr^j  bid 
down  (§  41 S)  with  regard  to  the  true  natnre  of  tills  alternation.  StutiDf 
from  the  spore^  we  mast  consider  each  proth&Uitim  M,  properlj  ipf  Wig» 
a  distinct  "  phjtoid'^  {§  480) ;  it  is  compLetelj  iiidepciideat  of  tlit  phat 
from  which  the  spore  was  detached ;  and  it  obtains  and  elaborates  its  i 
nutriment.  The  life  of  the  prathalUum  terminates,  howerer,  with  Iks  i 
IntioD  of  the  young  Fem,  which  is  produced  from  it  by  a  tme  pmetm 
sexoal  generation  :  whilst  the  Fem,  when  fully  evolred  as  such,  gtfw 
origin  to  a  new  Bcries  of  prothallia  by  the  process  of  apontiifepoiii  g«i 
tion,  and  dies  without  having  reproduced  its  kind  in  any  other  wsj, 
between  eac;h  two  ^generations  of  tme  Ferns,  a  prothalllam  loterfittai^ 
springing  from  the  first  by  gemmation,  and  giriog  origin  to  the  seeiMid  hj 
true  sexual  reproduction;  and  in  like  mauaer,  between  emh  two 
tions  of  prothallia,  there  is  a  true  Fem,  originating  in  the  S^Jtual  o| 
of  the  one,  and  producing  the  other  by  gem  mat  ion.  Hence,  in 
before  ns,  we  hare  a  complete  exemplification  of  the  gecerfd  fact,  tliat 
so  called  ''  generations^'  are  not  related  to  one  another  in  the  sane  wa^r; 
but  that  whilst  tUeir  relationship  is  in  the  one  case  that  of  offiiprtiif  to 
parent,  it  i^  in  the  other  that  of  offset  to  stock.  The  ktter  caaooi  bt 
legitimately  held  to  constitute  a  distinct  '*  generation/'  if  that  term  be  naed 
in  the  signification  in  which  it  has  until  recently  been  ordinarily  nnderstooii 
in  physiology — namely,  the  production  of  a  new  being  by  sexual  unuxi. 
And  if  we  carefully  examine  the  case  before  us,  we  shall  see  how  Itttle 
claim  the  prothalUum  has  to  be  considered  as  a  *'  generation"  distinci  liofli 
that  of  the  Feni  which  prodaees  the  original  spore.  For  let  it  be  snppgsed 
that  the  prothalliam,  instead  of  being  east  off  from  the  Fem  in  the  state  of 
fpore,  had  been  developed  in  continuity  with  it  (an  we  shaH  find  its  eqni- 
Tftlent  to  be  in  the  Conifem,  |  501),  wc  should  then  hn^  '  "  '  recog- 
nised it  as  part  of  the  true  generati? e  apparatus  of  the  1  %e  Ibe 
flower  of  the  Flowering  plant ;  the  germ  beini^  the  produi^l  lil  ibo  joint 
action  of  the  **  sperm  cella't  and  the  **germ  cells''  which  both«lik«  ootttais. 
That  the  embryonal  vesicle  in  the  Fem  lias  naked  in  the  cavil/  of  the 
archegoninm,  from  the  walls  of  which  ii  supplied  the  nonrishiBeiit  wiueh  t| 
imbibes — whilst  in  the  Phanerogamia  it  is  surrounded  witli  a  mass  of  mttii* 
ment  prepared  and  stored  up  there  before  its  impregnation — aeeaw  lo  om* 
stitute  the  most  important  difference  in  the  conditions  under  wbldi  the 
S^erm  is  developed  in  the  two  groups  respectively;  and  this  dlfferMie^ 
however  valuable  in  a  systematic  arrangement  of  Plants,  as  strring  for  Ite 
separation  and  delinition  of  these  groups,  cannot  he  considered  as  bafiBf 

th«  pena  ©eil— la  the  Report  upon  Coant  SanuAaki'i  obsertntious,  pr^s«i]|«4  to  tht 
Berlin  Aeailetity  hy  Dr.  MuiUer,  h«  iitAt«ii  thtt  a  pmrt  of  the  f*£ttMtitig  proesti  ahof« 
ilt»crih«d— tiamilj,  Ui^  pcn-frn^u.M  nf  the  morio^  £kmejil«  inlo  ih«  *.f^*fi^«  nf  Ite 
iLTclkc^oniain— liaa  b«ca  riy-  tttd  hj  himself  uid  Prof.  Link  , 

to  tlirtQ  thftt  th«  aiitliirr<i:iitjhi>  I  theoiselTes  Mq  **htll4»  hcftp^i  ^ 

tli«if  mtitivQ  had  ceBB<ML     Wiibhevtrr  iiftiometit  is  the  true  i>U9  (uitl   Uie  ivUtr  Ii  I 
very  corious  ibccorthiiice  with  Ihi  observfttionA  &T  Mr.  Ntirport  tapoji  tJie  feHiUialSoi  \  _ 
thm  orum  of  Flrogs,  j  &25),  the  •«»«&««  df  the  tn&Uer  tvim^liifl  Hit  ftftmr ;  r<ir  In  *ilh«r 
«Me,  the  coalenbi  of  the  ipinn-oelli  mliI  thoee  of  tbe  g«iB-cetlB  are  hrttiigiil  fate  mtr 
tnal  rebtton. 
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any  fandamental  importance  in  a  physiological  point  of  view.  Now  as  the 
development  of  the  generative  apparatus  is  necessary  to  our  idea  of  a  per- 
fect "individual,"  we  must  regard  the  evolution  of  the  prothallium  as  really 
completing  the  preceding  Fern  generation,  instead  of  constituting  an  en- 
tirely new  one ;  unless  we  are  prepared  to  go  so  far  as  to  maintain  that 
tbe  mere  fact  of  its  detachment  gives  it  a  title  to  the  appellation  ''new 
generation,"  which  would  be  to  extend  very  widely  the  usual  acceptation 
of  the  term. 

498.  The  little  group  of  EquisetaccB  seems  nearly  allied  to  the  Ferns  in 
the  type  of  its  Generative  apparatus,  although  that 
of  its  vegetative  portion  is  very  diflferent ;  for  whilst 
the  development  of  the  leaf  preponderates  in  the 
latter,  it  is  the  stem  with  its  ramifications  which  con- 
stitutes the  chief  part  of  the  spore-bearing  plant  in 
the  former.  The  fructification  forms  a  sort  of  cone 
or  spike  at  the  extremity  of  certain  of  the  branches 
(Fig.  213,  A,  b)  ;  and  consists  of  a  cluster  of  peltate 
(shield-like)  disks,  each  of  which  (c)  carries  a  circle 
of  thecflB  or  spore-cases,  that  open  by  longitudinal 
slits  to  set  f^ee  the  spores.  Each  of  these  bodies 
(d)  has  attached  to  it  a  pair  of  elastic  filaments, 
which  arc  set  in  motion  by  the  slightest  application 
of  moisture ;  these  are  formed  as  spiral  fibres  on  the 
interior  of  the  wall  of  the  primary  cell  within  which 
the  spore  is  generated,  and  are  set  free  by  its  rupture ; 
and  their  function  is  doubtless  to  assist  in  the  dis- 
persion of  the  spores.  The  development  of  the 
spores  takes  place  in  a  manner  essentially  the  same 
as  that  of  the  spores  of  Ferns,  a  prothallium  being 
first  evolved,  and  antherida  and  archegonia  being 
produced  from  this ;  it  may  be  reasonably  surmised, 
therefore,  that  the  process  of  fecundation  is  the  same, 
and  that  the  spore-bearing  plant  which  arises  from 
the  prothallium  is  its  real  generative  offspring,  in- 
stead of  being  a  later  phase  of  its  own  develop- 
ment.* 

499.  Among  certain  of  the  Lycapodiacect^  a 
marked  difference  presents  itself  in  the  mode  in  which 
the  Generative  act  is  performed.  In  Selaginella  and 
its  allies,  two  kinds  of  fructification  are  found ;  one  consisting  of  two-valved 
capsules  containing  a  large  number  of  what  are  commonly  designated  as 
"  small  spores,"  whilst  to  the  other  belong  certain  bodies  termed  '^oapho- 
ridia,^^  each  of  which  produces  four  **  large  spores."  The  small  spores  are 
really  "sperm-cells ;"  for  each  includes  a  multitude  of  secondar}'^  cells,  every 
one  of  which  contains  an  "anthcrozoid"  (Fig.  214,  n)  ;.  hence  the  capsules 
from  which  they  are  evolved  are  true  antheridia.  The  *'  antherozoids"  arc 
not  set  free,  by  the  rupture  of  their  containing  cells,  until  some  time  after 
dieir  emission  from  the  antheridia ;  and  in  the  mean  time,  each  of  the  larger 
spores  gives  origin  to  a  cellular  expansion  (a)  or  prothallium,  from  which 
aie  soon  developed  archegonia  (b)  closely  resembling  those  of  the  Ferns, 
6aeh  having  a  free  embryonal  vesicle  (o)  lying  in  a  cavity  to  which  a  passage 


Fructification  of  Hqui- 
tetum  arvengf. : — a,  spike ; 
B,  fectioD  of  its  fertile  ter- 
mination ;  c,  sporangim ;  p, 
■pore. 


.  I  See  Hofmcister,  op.  cit.,  p.  89,  et  teg. ;  and  Thurct, 
Boitan.,  torn.  zti.  p.  81. 


'Ann.  desSci.  Nut.,"  3*  Sc^r., 
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leads  down  from  the  qnadrified  papilla  (d)  at  its  summit.     It  may  be 

presumed  that  the  pro- 
cess of  fecundation  is 
the  same  as  in  Ferns; 
for  two  new  cells  (d) 
soon  take  the  place  of 
the  original  germ-cell; 
these  divide  and  extend 
themselves  into  a  cellu- 
lar mass  (f),  which  is 
at  first  imbedded  in  the 
substance  of  the  pro- 
thallium,  but  which 
soon  pushes  upwards 
a  bud  (g),  and  at  the 
same  time  transmits 
a  radicle  downwards, 
bursting  through  the 
prothallium,  which 
speedily  disappears.— 
In  the  Lyeopod%%an  it- 
self, however,  and  m 
some  other  members 
of  this  family,  only  one 
kind  of  spore  (appa- 
rently most  resembliDg 
the  "small  spore"  ^ 
Selaginella)  has  been 
yet  discovered;  and 
it  is  suggested  by  Hof* 
meister  (to  whom  we 
owe  the  discovery  of 
the  true  nature  of  the 
generative  process  u 
the  Selaginella)  that 
the  process  is  here  ana- 
logous to  that  wliich  takes  place  in  the  Ferns ;  the  spore  evolving  a  pro- 
thallium,  from  which  both  antberidia  and  archegonia  are  put  forth.* 
500.  The  manner  in  which  the  Generative  function  is  performed  in  the 

little  group  of  Marsileacea  (Rhizocaipcc) 
presents  so  many  points  of  apparent  re- 
semblance to  that  which  is  characteristic 
of  Phanerogamia,  that  many  botaniits 
(among  them  Schleiden)  have  traa^ened 
them  from  the  Cryptogamic  to  thePba- 
nerogamic  division  of  the  Vegetable  kiag* 
dom.  It  has  been  shown  by  Holmeisler, 
however,  that  the  generation  of  these  planti 
corresponds  in  the  most  essential  partica- 
,,,.,,.  ,.        .    lars  with  that  of  Lycopodiacese.    Tkir 

Vertical  and  transverse  sections  of     *•       a-c     j.*  ii  •  a       *a  i— ^ 

Sporocarp  of  ifar,ilea  quadri/oUa.         fructlficatlOD  Usually  COUSlStS  of  tWO-TrfW* 


Generation  of  Lyeopodiacece : — A,  interior  of  large  spore  of 
Selaginella  Martemiif  showing  the  young  prothalliam  at  the 
upper  end  : — b,  vertical  section  of  proth&llium  and  upper  half 
of  large  spore  of  Selaginella  denticulata,  showing  several 
archegonia : — c,  an  archegonium  of  S.  Martentiif  with  its  con- 
tained germ-cell : — d,  archegonium  of  S.  dentieulata  just  im- 
pregnated, with  its  embryo-cell  dividing  into  two: — b,  an 
archegonium  seen  from  above : — F,  vertical  section  of  prothal- 
lium,  and  upper  part  of  the  large  spore  of  S.  dentieulata,  in  a 
more  advanced  stage ;  the  embryo  developed  from  one  of  the 
archegonia  having  become  imbedded  by  downward  growth  in 
the  cellular  tissue  filling  the  upper  part  of  the  cavity  of  the 
spore : — o,  young  embryo  breaking  through  the  prothallium, 
and  protruding  its  bud  from  the  spore: — h,  small  spore  (anthe- 
ridium)  of  «S'.  helvetica,  bursting  and  discharging  cellules  con- 
taining antherozoids. 


Fig.  216. 


1  Op,  cit.,  p.  Ill,  et  ieq. 
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bodies  termed  sporocarps;  which,  when  cut  open,  are  found  to  include  a  num- 
ber of  larger  and  smaller  capsules  in  close  approximation  (Fig.  215).  The 
smaller  capsules  are  **antheridia;"  for  the  small  spores  which  they  set  free 
on  the  dehiscence  of  the  fruit,  themselves  give  exit  to  secondary  cells,  each 
containing  an  *'  antherozoid."  On  the  other  hand,  the  larger  capsules  are 
"oophoridia;"  for  the  "large  spores"  which  they  give  out,  and  which  at 
first  contain  nothing  but  starch  and  oil-globules,  gradually  become  filled 
with  cells  constitut- 
ing a  '*  prothallium."  FJg-  210. 
From  each  prothal- 
lium, only  a  single 
archegonium,  with  its 
contained  germ-cell  is 
developed;  and  this 
projects  at  an  aper- 
ture formed  by  the 
separation  of  the 
spore-coats  at  that 
point,  its  extremity 
being  a  quadrified 
papilla,  down  the  cen- 
tre of  which  the  fe- 
cundating anthero- 
zoid  can  find  its  way 
to  the  germ-cell  with- 
in.* The  embryo  is 
developed  within  the 
germ-cell,  as  an  en- 
tirely new  formation ; 
and  the  manner  in 
which  it  is  connected 
with  the  **  large  spore"  (Fig.  216,  a),  strongly  reminds  the  observer  of  the 
germination  of  a  rhanerogamous  plant.  The  first  leaves  of  a  Marsilea  that 
are  put  forth,  are  of  a  very  simple  form  (a)  ;  in  the  next  stage  (represented 
on  a  smaller  scale  at  b),  some  of  the  leaves  are  bifid ;  and  in  a  third  stage 
(o),  the  quadrified  division  characteristic  of  the  perfect  plant  (Fig.  31)  be- 
gins to  show  itself.  It  has  been  long  since  experimentally  proved  that 
germination  will  not  take  place  from  the  ''large  spores,"  unless  the  "  small 
spores"  are  present;  so  that  the  relative  sexual  nature  of  the  "antheridia" 
and  the  "  archegonia"  may  be  considered  to  be  in  this  instance  beyond 
reasonable  doubt. 

501.  The  recent  researches  of  Hofmeister*  upon  the  Gymnospermece 
(Conifers  and  Cycads),  which  confirm  and  extend  the  results  previously 
obtained  by  Dr.  Robert  Brown,  show  that  this  group  holds  a  position  which 
is  most  curiously  intermediate  between  the  Lycopodiacero  and  the  ordinary 
(Angiospermous)  Fhanerogamia.  The  bodies  concerned  in  the  generative 
process  are  developed  in  distinct  organs,  which,  whilst  possessing  the  essen- 
tial parts  of  the  "  flower"  of  ordinary  Fhanerogamia,  have  no  resemblance 
to  it  in  appearance.  The  "  sperm-cells"  are  now  evolved  as  pollen-grains" 
(§  603),  differing  essentially  from  the  sperm-cells  of  Cryptogamia,  in  the 

>  See  Hofmeister,  op.  cit.,  p.  103,  et  teq. — The  four  cells  of  the  archegonium  snr- 
xmmdiDg  the  central  canal  were  mistaken  bj  Sch}eiden  for  pollen-tubes. 
*  Op,  ciL  p.  12G,  et  teg. 


Germination  of  Jfarailea  Fabri,  in  three  Euccesriivc  stngc9,  A  B,  c. 
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mode  in  which  they  impart  their  fecnndative  influence  to  the  "  germ-cells  ;'- 
they  are  developed,  however,  not  in  a  proper  *'  anther,"  but  in  t£e  substance 
of  a  body  that  retains  in  some  degree  the  leafy  type ;  and  an  assemblage  of 
such  bodies  forms  the  "  catkin."  The  (so-called)  "ovules,"  on  the  other 
hand,  are  developed  from  carpellary  leaves  which  do  not  close  in  around 
them ;  and  it  is  of  an  assemblage  of  these  leaves,  which  usually  degenerate 

Fig.  217. 


Generatire  apparatus  of  Gymnotpermia : — A,  vertical  fection  of  yoang  omle  of  Pimwt;  f, 
nucleus;  &,  embrjo-sac: — b.  vertical  section  of  more  advanced  ovole;  h,  •mbrya-SM filled  irilb 
cellular-tissue ;  c,  pollen-tubes  penetrating  the  nucleus ;  c,  portion  of  embryo-fffto  and  vppcr 
part  of  the  nucleus;  6,  embryo-sac ;  c,  pollen-tube  traversing  the  tissae  of  the  nncleof  ^;^ 
corpnsoles: — D,  vertical  section  of  corpuscle  of  Ahie*^  just  ripe  for  impregnation;  6,  tisiw 
lining  cmbrjo-sac;  «,  two  of  the  four  cells  between  which  the  pollen-tab«  paaaM;  d^free  ctUi 
in  cavity  of  corpuscle: — e,  vertical  section^ of  corpuscle  of  Pinut,  at  which  the  pollen-tube, c^ 
has  just  arrived;  d,  free  cells  in  cavity  of  corpuscle;  /,  embryonal  vesicle: — p,  p,  q,  i,  k,  pro- 
gressive stages  of  development  of  suspensors  of  PtNii*; — l,  suspensor  Jast  before  separating: 
— M,  the  same  detached  below : — n,  a  suspensor  (three  being  cut  away)  eomewhat  fivtlMr 
advanced,  with  rudimentary  embryo,  g,  at  its  base. 

into  scales,  that  the  "  cone"  so  characteristic  of  this  group  is  composed 
The  "  ovule"  of  the  Gymnospermcae  corresponds  in  every  essential  particnlir 
with  the  **  large  spore"  of  the  Lycopodiaceae ;  for,  at  the  time  when  the  pol- 
len is  shed,  there  is  in  it  no  germ-cell  ripe  for  impregnation ;  but  germ-ceHi 
are  subsequently  evolved  in  its  interior,  from  a  prdiminary  growth  which 
is  homologous  to  the  '*  prothallium"  of  the  higher  Cryptogamia,  and  withii 
organs  corresponding  to  their  "  archegonia."    The  interior  of  the  ovule  »• 
at  first  filled  with  a  mass  of  cells  forming  the  "  nucleus"  (Fig.  217,  ▲,  a),iB 
the  midst  of  which  there  is  seen  a  peculiar  cell  (6),  which  is  termed  tfce 
''embryo-sac."    This  enlarges,  and  becomes  filled  with  cells  by  free  cell 
formation;  thus  forming  an  "endosperm,"  which  occupies  a  considerM 
])art  of  the  interior  of  the  ovule  (b,  b).  At  this  time,  the  pollen-tubes  uraaBf 
begin  to  insinuate  themselves  into  the  tissue  forming  the  apex  of  the  DodM 
having  passed  tlirough  the  open  canal  (mycropyle)  at  the  summit  of  tk 
ovule  (r,  c).    Certain  of  the  cells  at  this  end  of  the  endosperm  (prothallioB) 
then  enlarge  and  develop  themselves  into  the  bodies  that  have  been  termed 
'*  corpuscles ;"  the  number  of  wlilch,  in  each  ovule,  is  usually  from  three  to 
five  (c,  d).     The  summit  of  each  corpuscle  (seen  in  section  atD,  e)ii« 
qiiadrificd  papilla,  formed  of  four  cells  surrounding  an  intercellular  passtpi 
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just  aiAMk^ftrebegonmni  of  Selaginella  (Fig,  214^  e)  ;  its  interior  is  occn- 
pierl  tiPUMBj  arranged  free-cells  (d,  d),  but  at  the  bottom  of  its  cavity  is 
observed  a  large  and  peculiar  cell,  the  '*  cmbrj^orial  TeBicle."  The  polfen- 
ttibe  at  last  iiftds  its*  way  down  to  the  summit  of  the  "  corpuscle^*  (e,  c);  and 
soon  afterwards  the  embryonal  vesicle  (/)  becomes  greatly  enlarged,  and  a 
free  cell  is  formed  in  its  interior  (f).  Tliis  cell  first  divides  by  a  vertical 
septum  into  two  collateral  cells  (o) ;  and  thesct  again,  by  another  vertical 
septum  at  right  angles  to  the  first,  into  four;  and  these  are  again  divided 
by  a  cross -partition,  so  as  to  form  a  pro -embryo  composed  of  eight  cells  (n). 
The  four  lower  cells,  which  become  detached  one  from  another,  develop  them- 
selves by  dnplicative  subdivision  into  as  many  rudimentary  embryos ;  whilst 
the  four  upper^  multiplying  longitudinally,  and  becoming  greatly  lengthened, 
fonn  the  ''  suspensors/'  whose  growth  carries  downwards  the  rndimentary 
embrj'os  at  its  lower  end,  into  the  substance  of  the  nucleus  (i— m).  Of  these 
four  embryos,  three  are  subsequently  arrested  in  their  development  j  so  that 
only  one  is  found  in  the  mature  seed.  This  process  occupies  an  unusually 
long  period ;  the  seed  not  being  ripened,  in  many  Coniferaa,  in  less  than  two 
years.— The  apparent  complexity  of  this  process  in  GymnoB  perm  etc,  as  com- 
pared with  the  simpler  type  of  its  performance  in  the  Angiospermons  Fha- 
nerogmuia,  will  be  found  to  consist  merely  in  the  preliminary  development  of 
the  **  endosperm,"  with  its  **  corpuscles,"  within  the  embryo-sac ;  this  l>eing 
iiiterpoaeU  (as  it  were),  like  the  development  of  tlie  prothalJium  and  arche- 
gonia  in  the  higher  Cryptogamb,  previously  to  the  evolution  of  the  "  embryo- 
nal vesicle/^  which  is  elsewhere  a  primar}*  formation  within  the  embrro-sac. 
o02.  The  mode  in  which  the  Generative  ftmction  is  performed  in  Phane- 
rogamia  generally,  has  been  the  subject  of  a  vagt  amount  of  discussion 
within  the  last  few  years ;  but,  in  regard  to  its  main  points,  there  is  now  so 
close  an  agreement  among  a  large  number  of  careful  and  conscientious 
observers,  that  the  continued  dissent  of  a  few  can  scarcely  be  admitted  as 
invalidating  the  accuracy  of  their  conclusions.' — The  general  slrnctnre  and 

■  The  most  ImfKirtant  queition  on  wMab  there  la  a  diacordonce  of  opimon,  ia  thiit  of 
Hie  ongira  of  tbe  enaf^ryo ;  f<ir  wtiilat  the  doctrine  €rst  advanced  bj  Amici,  thnt  it  m 
evolved  from  an  ^'  embryoniq  veaiole'*  contained  \ifithiti  tbo  embryo-ftnc,  Im^  been  coa- 
firtucd  hy  tlie  observations  of  Mohl,  Karl  Miiller,  Uofmejster,  TulnsnCi  and  Heufn.% 
the  <tsswti<jn  of  Schlelden,  tbat  it  ia  deTcloped  witbio  tbo  e:stremity  of  tbe  pdkni-tubet 
Im^  rcc«ivi?d  Ibe  auppctrt  of  bis  pupil  gcbncbt,  iind  of  some  others  of  less  nolo.  Although 
tbe  Author  baa  not  bimsclf  made  tbia  question  the  subject  of  personal  inTsstigjition, 
yet,  looking  on  tlie  one  band  to  tbe  Terj  bigb  obaracter  of  Ibe  obseryers  who  bave  ooq- 
firmetl  Atnicii^n  fltatemcntit,  and  considering,  on  tbo  otber,  tlio  large  number  of  instances 
in  whieli  tbe  statements  of  Prof*  Sebleidon  bave  bad  to  be  set  a^ide^  be  cah  entertain 
no  besitalion  as  to  the  truth  on  this  point.  The  following  are  the  principal  memoirs 
which  those  who  deaire  more  detailed  information  on  tb!s  fiubjeot  should  consult : 
Prof,  Amlci  **0n  tbc  Fcrtiliiation  of  Orchidaeta;/'  trajislated  in  **Aim*  des  S^i,  Nat.," 
3*  S^r.,  Hotan*,  torn,  vii,  p,  WSi  Von  Mobl,  **lJeber  Eniwickelung  des  Embryo  von 
Orchit  Morio,'*  in  "  Botan,  Zoitung/*  July  2,  1847,  tmnsMed  in  "Ann,  des  Sci.  Nat.'' 
S*S4r.,  Bo  tan.,  torn.  ii.  p.  24;  Karl  Mlillerf  ^^Beitrage  lur  Entwickalungs-geacbiebte 
d€s  Pflanien-cmbi^'o,**  in  "  Botaa.  Zeitung,"  Oct.  15^  22»  29, 1847,  translated  in  '^Ann* 
dcs  ScL.  Nat,"  3'  S^r.,  Botao,,  tom.  ii,  p,  83  ■  HofmeiBter,  *^  Untersuchungen  des  Vor- 
gAQgs  bei  der  Befruetung  der  (Euoihtrmy*  m  "Eotan.  ZestuDg,"  Nov.  6,  1847,  trans- 
Intefl  in  **  Ann*  dea  ScL  Nat,'*  3'  S^r*»  Botan*,  torn.  ir.  p.  ^^5 ;  also  **Oii  the  Develop- 
ment of  **^mHra,''  in  * '  DotJini^cho  Zeitung,"  Feb.  13,  20,  1862,  translated  ia  ''  Taylor'a 
Scientific  Memoii-s,"  Nat.  Hist,  1863,  p»  239 j  Tiulaiine,  '^Etudes  d'EmbryogenJe  V^e- 
tale/'  in  *- Aim.  des  Sei*  Nat,"  3«  S^r,  Botan.,  tom*  xlL  p»  23;  and  Heufrey  "On  tbe 
Be  product  ion  of  tbo  Higher  Crjptogamia  and  the  Phanerogamia,"  in  "Ann.  of  Nat 
Iljfit./*  2d  Ser.,  vol.  18*52,  p.  I4S  ; — ^oii  the  otbcr  side,  Seblciden,  '*  Principles  of  Scien- 
tific l]otar>y'*  (Iranskted  by  Dr.  Lankester),  pp.  402,  d  #ey. ,'  an^  Schftcbt,  ^-^Entwicke- 
iitogp-ge^c  hi  elite  des  Pflatizen-Embryon*'  (Amsterdam,  1860)t  abridged  in  '*  Ann.  des 
Sm.  N*t.\''  3*  S^r.,  Botan.,  tom.  xv.  p.  80. 

as 


514  or  QENEBATION  AND  DEYILOPMXNT. 

arrangement  of  the  sexual  organs  having  been  already  described  (§  30), 
we  have  now  only  to  consider  the  details  of  the  operations  of  which  thej 
are  the  instruments. 

503.  The  germ-cells,  now  distinguished  as  poUen-grains,  are  developed 
within  the  parenchyma  of  the  leaf-like  organ  that  is  subsequently  to  become 
the  "  anther,"  by  a  curious  process,  which  seems  to  indicate  the  necessity 
for  a  special  elaboration  or  preparation  of  their  contents.  According  to 
Mr.  Henfrey,*  the  first  stage  is  the  development  of  new  cells  within  those 
of  the  ordinary  parenchyma ;  the  wall  of  each  of  these  new  cells  inclosing 
the  entire  contents  of  that  within  which  it  is  formed,  and  the  young  cell 
thus  entirely  filling  the  original  cavity.  "Wlien  the  young  .cell  is  completely 
formed,  the  wall  of  the  cell  that  inclosed  it  decays  away,  leaving  the  young 
cell  free ;  and  this  is  now  known  as  one  of  the  ''  parent  cells"  of  the  pollen. 
The  protoplasma  of  each  of  these  parent  cells-  then  divides  into  two,  and 
then  into  four  portions;  so  that  two  septa,  generally  crossing  at  right 
angles,  are  found,  dividing  the  original  cavity  into  four  cells,  each  of  which 
generally  has  the  form  of  a  quarter  of  a  sphere.  Within  every  one  of  these 
cells,  termed  by  Mr.  Henfrey  the  '*  special  parent  cell,"  a  new  cell-wall  is 
developed  around  its  contents;  and  this  new  cell,  the  "pollen-grain,"  is 
afterwards  left  free  by  the  dissolution  of  the  wall  of  the  "parent  cells"  and 

of  the  "special  parent  cells,"  within  which  it  was  inclosed The  pollen-grain, 

like  other  cells  (§  347),  possesses  two  envelops,  of  which  the  inner  one  is 
extremely  delicate,  whilst  the  outer  is  firm  and  resisting,  in  virtue  of  the 
peculiar  deposit  which  takes  place  upon  it  while  yet  within  the  pollen-cell. 
This  deposit  frequently  forms  prominent  ridges,  which  may  cross  each  other 
so  as  to  leave  reticulations  of  a  very  regular  and  beautiful  aspect ;  and  it 
always  seems  to  be  thinner  than  usual  in  one  or  more  spots.  The  contents 
of  the  pollen-grain  have  at  first  the  character  of  the  ordinary  protoplasma ; 
but  gradually  the  fluid  becomes  more  watery,  and  the  granular  particles 
more  distinct.  Of  these  particles,  some  appear  to  be  mucilaginous,  others 
to  be  oily,  and  others,  again,  to  consist  of  starch.  In  an  early  stage  of  the 
development  of  the  pollen-cell,  a  regular  "  cyclosis"  may  be  seen  within  it; 
but  this  ceases  some  time  before  its  maturation,  and  a  mere  molecular  move- 
ment is  then  all  that  remains. 

504.  The  ovtde  is  developed  in  the  midst  of  the  parenchyma  of  the  pla- 
centa (which  is  the  part  of  the  carpellary  leaf  to  which  the  ovules  are  found 
attached),  and  commences  as  a  single  cell,  which  by  successive  subdivisions 
forms  a  projecting  mass  that  sometimes  remains  "  sessUe"  upon  the  placenta, 
and  sometimes  becomes  partially  detached  from  it,  remaining  connected  onlr 
by  a  "  peduncle."    The  mass  of  cells  that  is  first  formed,  is  that  which  after- 
wards constitutes  the  nucleus  of  the  ovule ;  as  its  development  proceeds,  it 
becomes  enveloped  in  one,  two,  or  even  three  coats,  which  are  formed  bj 
the  multiplication  of  cells  that  at  first  constitute  merely  an  annular  enlarge- 
ment at  its  base.    The  apex  of  the  nucleus,  however,  is  never  entirely  covered 
in  by  these  investments ;  a  small  aperture  being  always  left  through  theiOt 
which  is  called  the  micropyh.    In  the  interior  of  the  nucleus  is  a  larve  cavity, 
which  appears  to  be  formed  by  the  enlargement  of  one  of  its  cells,  that  grows 
at  the  expense  of  the  surrounding  tissue  (Fig.  218,  a).    This  cavity,  which 
is  termed  the  embryo-sac ,  is  at  first  filled  only  with  protoplasma;  but  some 
little  time  before  fecundation,  there  are  seen  in  it  a  certain  number  of  free 

*  "Reports  of  British  Association"  for  1848;  Part  II.  p.  84. — Thia  ftoeoimt  oom- 
sponds  with  that  of  Naegeli  in  nearly  erery  essential  particular,  save  that  the  latter 
regards  the  new  cells  as  originating  in  separate  nuclei  or  cytoblasts,  which  Mr.  Htaftfj 
af&ms  not  to  be  the  case. 
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cell-nuclei,  rarely  fewer  than  three,  and  frequently  more ;  these  are  observed 
especially  near  the  apex  or  micropylar  end  of  the  embryo-sac  (c),  although, 
when  they  are  very  numerous,  some  of  them  are  seen  near  its  base.  Around 
these  nuclei,  free  cells  of  a  spheroidal  form  are  developed  (d),  of  which  only 

Fig.  218. 


I>«Telopm«]it  of  the  Embryo  of  (Enotkeraeea: — ^A,  longitudinal  section  of  non-fecundated 
omley  showing  the  embryo-eao  in  the  midst  of  granular  mncilafice ; — b,  longitudinal  section  of 
Um  msmUlary  projection  of  the  nucleus; — c,  upper  portion  of  the  embryo-sac,  with  the  sur- 
roonding  eellular  tissue,  from  a  more  adranced  embryo ; — d,  the  same  at  a  later  period ; — x, 
•draiioe  of  the  pollen-tube  towards  the  nucleus; — f,  contact  of  the  pollen-tube  with  tho  sum- 
■dfc  cf  the  emoryo-iac,  the  embryonal  vesielo  in  close  proximity  ;^-o,  embryo  beginning  to 
i  within  the  embryonal  vesicle  after  fecundation. 
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one  is  usually  destined  to  be  fertilized,  and  to  be  the  original  of  the  future 
embryo  ;  all  the  rest  subsequently  disappearing,  as  if  their  function  were  to 
elaborate  or  prepare  the  nutriment  for  the  developing  germ. — The  matura- 
tion of  the  pollen-grains  takes  place  contemporaneously  with  that  of  the 
ovules ;  and  when  the  former  are  set  free  by  the  rupture  of  the  anther,  they 
fall  upon  the  stigma,  and  begin  to  absorb  the  viscid  secretion  which  bedews 
its  surface.*  In  consequence  of  this  absorption,  the  inner  membrane  or 
proper  cell-wall  becomes  distended,  and  either  breaks  through  the  thinner 
points  of  the  external  envelop,  or  pushes  this  before  it,  so  as  to  form  one  or 
more  long  slender  projections,  which  are  known  as  the  poUen-tubes.  These 
insinuate  themselves  between  the  loosely-aggregated  cells  of  the  style,  and 
grow  downwards  until  they  reach  its  base ;  a  distance,  in  some  cases,  of 
several  inches.  Arrived  at  the  ovarium,  they  direct  themselves  towards  the 
micropyles  of  the  ovules ;  and,  entering  these,  they  make  their  way  towards 
the  embryo-sac,  usually  through  a  channel  formed  by  the  diffluence  of  a  sort 
of  cord  of  peculiar  cells,  that  previously  passed  from  the  apex  of  the  embryo- 
sac  to  that  of  the  mammillary  protuberance  of  the  nucleus  (b,  e).  The  ex- 
tremity of  the  pollen-tube  then  impinges  upon  the  apex  of  the  embryo-sac 
itself  (f),  and  sometimes  pushes  it  slightly  inwards,  so  as  to  have  given  origin 
to  the  idea  that  it  enters  its  cavity.  There  is  not,  however,  any  direct  com- 
munication between  the  cavity  of  the  pollen-tube  and  that  of  the  embryo- 
sac  ;  but  whatever  admixture  may  take  place  between  their  contents,  must 
occur  by  transudation  through  their  respective  limitary  membranes. 

505.  It  is  in  such  an  admixture,  that  the  act  of  Fertilization  appears 
essentially  to  consist ;  for  soon  after  the  contact  of  the  pollen-tnbe  with 
the  embryo-sac  has  taken  place,  it  becomes  apparent  that  one  of  the  cells 
which  the  latter  contained  is  now  undergoing  rapid  enlargement,  and  that 
the  remainder  are  in  a  state  of  degeneration.  This  cell,  whose  previous 
existence  appears  to  be  now  indubitably  ascertained,  and  which  is  the  real 
"germ-cell,"  is  distinguished  as  the  emhryonal-vesich ;  and  it  is  within 
this,  when  fertilized,  that  the  embryonic-structure  originates.  The  early 
processes  of  development  correspond  precisely  with  those  which  have  been 
already  described  as  taking  place  throughout  the  whole  of  the  inferior 
tri))es ;  for  the  primordial  cell  formed  witliin  the  embryonal  vesicle  as  the 
result  of  its  fecundation,  gives  origin  by  transverse  fission  to  a  pair ;  this, 
again,  to  four  (g)  ;  and  so  on,  it  being  usually  in  the  terminal  cell  of  the 
filament  so  generated  that  the  process  of  multiplication  chiefly  takes  place, 
just  as  in  the  Confervae.  At  the  same  time,  the  mucilaginous  matter  which 
fills  up  the  embryo-sac  becomes  organized  and  converted  into  loose  cellular 
tissue,  which  constitutes  the  *' endosperm;"  the  cells  being  formed  around 
free  nuclei  (§351).  As  in  most  other  cases,  however,  in  which  this  mode 
of  cell-formation  occurs,  the  tissue  thus  produced  is  very  transitory  in  its 
character;  for  it  usually  deliquesces  again,  as  the  embryonic  mass  increases 
in  bulk  and  presses  upon  it ;  and  thus  the  only  purpose  which  it  can  be 
imagined  to  serve,  is  that  of  elaborating  the  nutriment  for  the  growmg 

>  In  dioecious  Phanerogamia,  the  transmission  of  the  pollen  from  the  staminiferoos  to 
the  pistilliferous  individuals  is  sometimes  accomplished  by  the  wind,  and  sometimes  (ti 
in  the  Fig)  by  the  agency  of  Insects.  A  very  curious  modification  of  the  ordinary  pltf 
is  presented  in  the  Valluneria  spiralis ;  for  whilst  its  pistilline  flowers  are  borne  on  long 
spiral  footstalks,  which  enable  them  to  adapt  themselves  to  varying  depths  ofthe  water 
which  they  inliabit,  so  as  always  to  float  on  its  surface,  its  stamlniferoos  flowers  detach 
themselves  before  they  are  quite  mature,  rise  freely  to  the  surface,  and  open  themselvts 
amidst  the  pistilline  flowers,  which  are  fertilized  by  the  pollen  they  discharge.  This 
phenomenon  is  of  peculiar  interest,  from  its  relation  to  analogous  phenomena  in  tht 
Animal  Kingdom  (J  54G). 
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iihriCj  whieh  liiay  wi^ll  be  aupposcd  to  need  such  a  preparation,  hi  virtue 
its  superior  importance  ami  pennanenee, 
50H,  The  Embrjo,  which  is  at  first  a  simple  filament,  ufinally  enhirges 

aosi  ftt  its  lower  extremitj,  where  its  eelk  are  often  mnltipUed  into  a  somti- 
fe^buliir  ma.^s  j  of  this  mass,  however,  by  far  the  larj^er  proportion  is 
destined  to  be  evolved  into  the  cotyftdanB  or  see  deleaves,  wliose  function  is 
limited  to  the  earliest  part  of  the  life  of  the  young  plant  j  the  rndimenl  of 
the  phimula^  which  is  to  be  developed  into  the  stem  and  leaves,  being-  at 
first  scarcely  visible.  The  niore  prolong^ed  portioni  which  points  towards 
the  inicro])>ie,  is  the  radich  or  rudiment  of  the  root.  These  parts  increase 
in  some  Dicotyledons,  until  thej  have  absorbed  nnto  themselves  all  the 
nutrhnent  contained,  not  only  in  the  embryo-sac,  but  also  in  the  tissue  of 
the  nucleus  itself;  so  that  the  seed,  at  its  maturity,  contains  nothing'  but 
the  embryo,  of  which  the  cotyledons  arc  rendered  thick  and  fleshy  by  the 
amount  of  nutritious  matter  which  they  have  absorbed.  This  is  the  ease, 
for  example,  in  the  Leguminous  family  geuerallj,  and  a  good  iJluBtration 
of  it  is  furnished  bv 

the  Almond  (Fig.  219,  Fig.  219, 

B,  c)  ; — in  such  in- 
stancee,  the  remains 
^^f  the  nncleas  and  of 
e  embryo-sac  coa- 
lesce to  form  an  en- 
velop to  the  embryo 
T^'ithin  the  proper  seed 
coats.     But  in  many 

ther  plants,  the  co- 
ledous  remain  foil- 
aceous;  so  that,  at 
tlie  maturation  of  the 
seed  I  a  large  prop  or* 
tion  of  the  nutriment 
which  the  ovule  origi- 
nally CO  D  tain  e d ,  is  n  n  - 

{absorbed  into  the  em-  'ti^  rfldiele;  jindcc  th^'cotjkdons: — c,  the  siimo  with  one  of 

lirvrt    niirl    T*.niiiiMc  nn  ^^^  colyledon*  rerauved,  ifl  ai  to  iipose  tbe  plumula^?*  nnd  the 

iirjo,  aivu  remuins  on  ^^^yn^y^  ^^  „|  t|,^  ^^^  of  wbleh  ii  teen  the  romrk  of  iLttachment 

its  extenor,  COnstltut-  i  <?  of  the  aecoDd  cotjkdoti. 

log  the  penspenn  or 

oIlftimrTK    This  is  the  case  in  the  seeds  of  many  Dicotyledons,  as  the 

astor-oil   am!  the  Ash ;  but  it  is  universally  true  of  Monocotyledons 

he  form  which  tlie  embryo  presents  in  tbe  latter,  is  quite  different  from 
that  which  it  possesses  in  the  former;  for  the  single  cotyledon  is  rolled 
round  the  plumula,  so  to  speak,  in  such  a  manner  as  completely  to  inclose 
it,  e.\cept  where  a  little  fissure  is  left  by  the  non-adhesion  of  the  edges  of 
the  cotyledon  (Fig.  21J),  a,  17),  through  which  the  pluranla  snbsequeutl? 

capes.     This  arrangement  is  quite  conformable  to  the  relation  which 
ixists  between  the  stem  and  all  the  subsequent  leaves  of  Monocotyledons 
general ;  for  they,  too,  eusheath  the  axis  at  their  base^  as  is  well  seen  in 
the  Grasses*  ^ 

oOt.  The  Seed,  when' completely  matured,  becomes  detached  from  the 
placenta,  and  is  set  free  by  the  opening  of  the  seed-vesseh  In  this  condi- 
tion it  may  remain  for  a  great  length  of  time,  in  a  state  of  complete  inac- 
tion, without  the  loss  of  its  vitality,  provided  that  it  be  secluded  from 
iiiHueiices  which  would  either  force  it  into  growth,  or  tend  to  occasion  iti 


Pth 


i,   MonocoljledonDna  Em'bryft   of  PvtamtHf Hon  pei^Uatum; 
dnnuuj  cmbryu   of    Amygdoiut  eommunU  (Almond)*  ahovriiig  r 
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decomposition ;  and,  in  fact,  this  period  of  "dormant  vitality"  may  be  pro- 
tracted, in  the  case  of  many  seeds,  to  an  extent  to  which  there  seems  no 
limit.  (See  General  Physiology.) — ^The  conditions  which  are  absolutely 
requisite  for  the  Germination  of  seeds,  are  water,  oxygen,  and  a  certain 
amount  of  warmth ;  and  the  process  is  favored  by  the  absence  of  light. 
When  the  seed  imbibes  moisture,  the  embryonic  tissue  swells,  and  the  radi- 
cle is  advanced  towards  the  micropyle,  whilst  at  the  same  time  the  seed- 
coats  are  commonly  ruptured  by  the  internal  distension.  Daring  these 
processes,  certain  chemical  changes  take  place  in  the  starchy  matter  con- 
tained in  the  perisperm  or  absorbed  into  the  cotyledons,  in  virtue  of  which 
it  is  converted  into  a  saccharine  compound,  probably  to  be  blended  with 
albuminous  matter  to  form  a  protoplasma  for  the  nutrition  of  the  growing 
tissue ;  and  these  changes  involve  the  production  of  a  certain  amount  of 
carbonic  acid,  by  the  union  of  the  carbon  of  the  seed  with  atmospheric 
oxygen  (§  2t4.)  Hence  it  is  that  oxygen,  as  well  as  water,  is  required  as 
a  condition  of  this  process ;  and  that  light  is  rather  injurious  than  benefi- 
cial, since  it  tends  to^x  the  carbon  in  the  vegetable  tissues.  This  conver- 
sion is  effected  by  the  instrumentality  of  the  diastase  stored  up  in  the  seed 
(§  365).  Whilst  thus  living  upon  organic  compounds  previously  elabo- 
rated by  an  agency  other  than  its  own,  thriving  best  in  the  dark,  and 
imparting  to  the  air  a  large  quantity  of  carbonic  acid,  the  germinating 
plant  may  be  regarded  as  physiologically  very  much  in  the  condition  of  a 
Fungus. — The  radicle,  however,  becoming  prolonged  by  the  imbibition  of 
water  and  by  the  formation  of  new  tissue  at  its  extremity,  tends  to  grow 
downwards  into  the  soil ;  and  the  plumula  then  begins  to  elongate  itself  in 
the  opposite  direction,  whilst  the  minute  protuberances  which  it  previously 
bore,  evolve  themselves  into  leaves.  The  cotyledonary  portion  is  usually 
the  last  to  quit  the  seed-coats,  and  sometimes  it  remains  and  withers  there ; 
but  usually  it  is  carried  upwards  to  the  surface,  acquires  a  green  color,  and 
performs  the  functions  of  a  leaf.  In  the  germination  of  such  Monocoty- 
ledons as  thus  send  up  their  cotyledon  (Fig.  220,  a),  this  organ  very 
closely  resembles  the  subsequent  leaves  in  form,  and  in  its  relations  to  the 
stem ;  in  that  of  Dicotyledons,  on  the  other  hand,  the  plumula  rises  up  from 
between  the  cotyledons  (b).  In  many  Qymnosperms,  the  cotyledons  are 
multiple,  forming  a  sort  of  verticil,  resembling  that  of  their  true  leaves.— 
The  germinating  plant  continues  to  appropriate  the  nutriment  stored  up  in 
the  cotyledons  or  remaining  in  the  perisperm,  and  to  employ  it  as  the  ma- 
terial for  the  extension  of  its  permanent  fabric ;  and  by  the  time  that  this 
store  has  been  exhausted,  the  roots  and  leaves  are  sufficiently  developed  to 
enable  them  to  perform  their  respective  functions,  and  thus  to  minister  to 
the  further  extension  of  the  structure.  It  is  then,  only,  that  true  woody 
fibre  and  vessels  begin  to  show  themselves  in  the  axis ;  for  daring  the  pre- 
vious stages  of  embryonic  development,  its  tissue  has  been  cellidar  only,* 
and  an  almost  exclusively  cellular  organization  is  common  to  young  parts 
at  all  subsequent  periods. 

608.  The  plumula  may  be  regarded  as  the  first  "terminal  bud"  of  the 
growing  plant;  and,  with  its  short  stem  and  radicle,  forms  a  phyton,  A 
tree,  to  whatever  dimensions  it  may  attain,  is  but  an  aggregation  of  such 
phytons ;  and  these  are  formed  in  continuous  development  from  the  one  thoa 
immediately  evolved  from  the  seed.  The  elongation  of  the  stem  is  pro- 
vided for  by  the  development  of  a  succession  of  terminal  leaf-buds;  each, 
as  the  leaves  have  performed  their  functions  and  have  died  oflF,  being  re- 
placed by  another.  But  in  nearly  all  cases  (Palms  being  the  principtl 
exceptions),  lateral  leaf-buds  also  are  developed,  which  are,  so  to  speak, 
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the  terminal  leaf-bails  of  the  branches  that  are  to  gi^ow  forth  from  tlie  axis 
(Fig.  32,  A,  d,  d) ;  and  wh\iu  thcsu  have  been  developed  into  branches,  they 
iu  their  turn  put  forth  other  latcrul  biidg ;  and  thus  an  unliraited  amoont  of 
r&mificatioiJ  may  take  place  around  the  central  axis.  In  all  cases,  however, 
the  budg  originate  in  the  medullary  tissue  of  the  stem  or  branches ;  being, 
ia  fact,  produced  by  the  multiplka* 


^^eo 


lion  of  its  cells  at  certain  points, 
which  usually  have  some  definite  re- 
lation to  each  other,  so  as  to  give  to 
the  whole  structure  a  more  or  less 
symraetneal  charocter  (§  29).  Thus 
we  have  a  multitude  of  parts  evolvedj 
which  are  mere  repetitions  of  each 
other,  and  which  have  scarcely  any 
relation  of  mutual  dependence;  and 
these  parts,  when  detached  from  the 
eomraon  stock,  and  placed  tinder  cir* 
rai^tances  f avo  rah  I  c  t  o  their  grow  th , 
ill  presence  their  vitality,  and  will 
develop  themselves  into  organisms  in 
all  respects  similar  to  that  from  which 
they  were  removed.  Such  a  detach- 
ment of  leaf-bnds  sometimes  takes 
place  spontaneously,*  and  constitutes 
the  ordinary'  mode  in  which  the  plant 
is  propagated.  In  other  instances, 
nothing  more  is  necessary  than  the 
artificial  separation  of  the  leaf-budi^ ; 
tlins  the  Sugar-cane  is  onlinafily  pro- 
pagated by  dividing  the  stem  into  as 
many  pieces  as  it  possesses  lateral 
buds,  and  burying  these  in  the 
ground;  and^  in  like  manner,  the 
Potato  is  multiplied  by  the  division 
of  its  "tuber*'  (which  is  really  an 
underground  stem)  into  as  many 
pieces  as  it  has  **eyes,"  So,  again, 
there  arc  many  trees  and  plants  of 
which  the  branches  will  take  root, 
when  merely  cut  or  broken  off,  and 
placed  with  their  ends  in  the  soil ; 
and  such,  therefore,  may  be  propa- 
gated by  *' slips ^*  or  ''cuttings."  In 
many  other  cases,  however,  more  care 
Is  necessary ;  the  buds  not  possessing 
enough  developmental  capacity  to  in- 
sure the  production  of  roots  after 
tJjeir  complete  detachment  from  the 
stock;  and  the  evolution  of  such 
buds  13  ])roTided  for,  either  by  con- 
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A,  Qerrolnatlon  of  Monocotjledonoaa  nm- 
htyo  of  E<\mfik^Uia  palmtri*;  r,  mdielo  ;  m, 
cnlliir;  tt  sl^m  i  fft  plumuljiij  <*,  ootjIcduD  ; — b, 
jgcrmiDutionorBicotybdonQUfl  embryo  (if  Acer 
nrffundo  (Mapte) ;  r, radicle;  m,  ccillaLr;  t^  extern; 
g,  plumiila;  **;,  eotjledoDS ; — c,  the  upper  p«t 
of  the  same  in  ft  mora  adranccd  atatv. 


<  Tlio  foll^iwio^  list  of  plants  that  habihiAlly  propngate  by  spontaneously  detnchmg 

Ibcb  (the  firal  tiro  reproducing  themselvoff,  eo  far  hs  can  be  iLBCcrtaincd,  in  this  maU' 

ncr  atone),  hivs  been  rurnisbed  by  M.  Decultfue:  Luntdaria  xmlgaru^  Ltmna  gihha^  Dtn- 

Aad  Liiium  bulhi/erum. 
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necting  them  with  a  new  stock  to  which  they  become  adherent,  so  that  it 
stands  in  the  place  of  the  stem  and  roots  of  that  from  which  they  have  been 
removed,  which  operation  is  termed  "grafting;"  or  by  delaying  the  final 
detachment  nntil  they  have  already  struck  root  into  the  soil,  as  is  practised 
in  the  operation  of  '* layering." 

509.  Now,  in  all  these  cases,  the  plant,  which  is  developed  from  the  de- 
tached hud,  partakes  of  the  characters  of  the  stock  from  which  it  sprang  much 
more  fully  than  does  the  plant  raised  from  seed;  for  whilst  the  latter  con- 
tinues the  species  only,  the  former  reproduces  the  particular  variety,^  Hence, 
when  it  is  desired  to  multiply  a  certain  kind  of  fruit-tree,  the  bud/ are  em- 
ployed rather  than  the  seeds.  But  this  method  of  propagation  cannot  be 
carried  to  an  indefinite  extent ;  for  although  it  may  not  be  trne  (as  stated 
by  some),  that  the  life  of  the  ''graft"  will  only  last  as  long  as  that  of  the 
*' stock"  from  which  it  was  taken,  yet  it  is  almost  invariably  found  that 
varieties  of  trees  and  plants  which  are  thus  multiplied,  lose  their  vigor  and 
**die  out"  after  a  certain  lapse  of  time.  They  all  partake,  in  fact  of  the 
''germinal  capacity,"  which  was  engendered  by  the  original  generative  act; 
and  every  multiplication  of  parts  by  the  continued  subdivision  of  cells  most 
be  regarded  (so  to  speak)  as  an  expenditure  of  that  capacity ;  so  that  there 
is  necessarily  a  limit  to  this  operation,  although  the  limit  seems  to  be  much 
less  strict  when  the  extension  takes  place  in  structures  of  a  low  type,  than 
when  development  of  a  higher  kind  is  required  in  addition  to  mere  growth. 

510.  Now,  from  attaching  too  exclusive  consideration  to  the  fact  of  the 
independent  vitality  of  leaf-buds,  many  Botanists  have  come  to  the  conda- 
sion,  that  a  composite  tree  is  to  be  regarded,  not  as  one  individual,  but  is 
an  aggregate  of  individuals ;  and  that  each  series  of  buds  should  rank  u 
a  distinct  generation.  But  if  such  be  the  acceptation  in  which  the  terms 
"  individual"  and  "  generation"  are  to  be  employed,  it  will  be  found  that  they 
must  be  rendered  still  more  comprehensive.  In  the  first  place,  if  we  look 
to  what  a  part  may  become,  rather  than  to  what  it  is,  as  our  test  of  indi- 
viduality, we  must  include  under  this  designation,  not  merely  the  leaf-bnds, 
but  the  leaves,  of  many  plants  (such  as  the  Bryophyllum),  which  possess 
the  power  of  developing  buds  and  roots  from  their  margins ;  and  this  view 
has  been  adopted  by  Prof.  Owen,  who  regards  every  leaf,  and  even  ereiy 
modified  form  of  the  same  fundamental  type — each  sepal,  petal,  stamen,  and 
carpel  of  a  flower — as  entitled  to  rank  as  a  distinct  being.*  But  if  we  go 
so  far,  we  must  go  further  still,  and  admit  that  e9jc\i  fragment  of  a  leaf  is 
entitled  to  be  characterized  as  a  distinct  individual ;  since  the  leaf  of  Biyo- 
phyllum,  even  when  divided  into  numerous  segments,  will  continue  to  veg^ 
tate  under  favorable  circumstances,  and  will  evolve  itself  into  a  comptete 
plant ;  and  the  whole  of  such  a  leaf,  therefore,  must  be  regarded  as  tn 
aggregate  of  individuals.  Such  a  doctrine  was  actually  propounded  in  ^^ 
gard  to  the  Hydra,  when  its  extraordinary  power  of  developing  the  whole 
from  any  single  part  was  first  discovered  (§  473) ;  but  no  Physiologist  wonU 
at  present  support  such  an  idea;  and  as  its  singleness  is  not  now  disputed 
on  account  of  its  repetition  of  similar  parts,  and  its  almost  nnlimitid  re- 
productive capacity,  neither  (as  it  seems  to  the  author)  should  that  of  the 
Plant.  For  it  would  be  just  as  legitimate  to  regard  as  "  distinct  individo- 
als"  the  several  tentacula  which  form  a  circle  round  the  mouth  of  the  Hydrt, 

1  It  would  seem,  however,  as  if,  in  the  case  of  annual  plants,  the  varietj  is  BMrt 
steadily  transmitted  bj  seed ;  such  is  certainly  true  of  the  Cerealia,  in  which  we  fi^ 
repeated,  not  merely  the  general  modifications  induced  by  cultiratioii,  but  the  W 
particular  forms  that  occasionally  arise  de  novo, 

'  See  Prof.  Owen's  "Parthenogenesis,"  p.  64,  et  »eq. 
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as  it  IS  to  assign  this  rank  to  the  seTeral  petalg  of  a  corolla,  or  to  the  carpels 
of  an  ovary*  The  cells  of  the  simplest  Frotophyta  mcfy  he  allowed  tlie 
flesignatioo  of  "distinct  individuals/^  if  by  this  be  implied  bo  more  than 
that  they  are  complete  in  themselves,  and  have  the  power  of  separate  exist- 
ence. But  although  thus  functionally  independent,  they  are  organically 
related  to  each  other  in  the  same  de^rree  as  are  the  component  cells  of  the 
most  heterogeneous  fabric,  whether  Vegetable  orAniaial;  for  the  aggre* 
gate  mass  of  cells  of  a  Palmella  or  a  Dcsmidium,  produced  by  the  sub- 
division of  one  *' primordial  cell,'^  is  clearly  the  homologne  of  the  entire 
embryo  of  the  Phanerogainoua  plant,  which  is  (like  it)  composed  of  a  mass 
of  cells  evolved  by  successive  subdivision  from  the  fertilized  embryonal  vesi- 
cle ;  and  if  every  new  pair  that  is  produced  by  the  gubdi vision  of  a  pre- 
existeut  cell,  is  to  be  regarded  as  a  "new  generation"  in  the  one  case,  it 
must  in  the  other  also* — The  confusion  which  at  present  prevails  in  regard 
to  this  subject,  and  which  has  given  rise  to  the  strangest  misapprehensions, 
hns  arisen  from  that  very  confusion  ot  fimciiojial  and  homohpcal  rela- 
tionship which  formerly  obstructed  the  progress  of  Philosophical  Anatomy 
(see  Chap,  I. ) ;  and  will  not  be  dissipated,  until  a  clear  distinction  shall 
have  been  drawn  between  the  two.  The  question  of  *' individuality/^  in  the 
tisuai  acceptation  of  the  term,  is  one  entirely  of  the  former  kind ;  for  its 
limits  are  not  established  by  any  other  rule  than  functional  capacity;  and 
nothing  can  be  more  variable  thaa  its  degree.  Thus,  such  an  individuality 
exists  in  the  segments  of  the  leaves  of  one  plant,  in  the  entire  leaves  of  a 
second,  in  the  leaf-buds  of  a  thirds  in  the  branches  of  a  fourth,  and  in  the 
entire  axis  and  appendages  of  a  fifth  j  whilst  in  a  sixth,  the  indiridnality 
shall  entirely  depend  upon  cireumstanees,  its  buds  not  being  able  to  sustain 
their  vitality  after  their  detachment,  unless  their  development  be  favored 
by  engrafting  them  on  a  living  stock.*  But  in  its  scientific  aspect,  like  the 
question  of  '^generations/'  it  is  one  entirely  of  the  latter  nature,  and  can 
only  be  determined  by  adhering  strictly  to  homologieal  principles. 

611.  Another  view^  has  been  suggested,  which  at  first  sight  appears  more 
worthy  of  adoption  J  namely^  that  a  tree  may  be  regarded  as  a  collection 
of  annual  plants ;  the  buds  of  each  year  giving  origin  to  those  of  the  next, 
when  their  own  term  of  existence  is  expired.*  In  &  Potato,  for  example, 
it  is  argued  that  each  year's  grow^th  terminates  in  tlie  production  of  tubers 
or  underground  stems,  which  contain  the  buds  that  are  to  be  developed  into 
distinct  and  independent  plants  in  the  ensuing  season  ;  these  in  their  turn 
giving  origin  to  tubers,  whose  buds  are  to  be  developed  in  a  subsequent 
year,  Now  what  is  true  of  the  potato,  it  is  urged^  is  true  of  an  ordinary 
tree ;  the  only  difference  being,  that  the  remains  of  previous  growths  are 
per-'i blent,  although  dead,  and  that  thus  a  permanent  stem  is  formed,  on 
which  every  generation  of  plant  is  developed,  as  it  were  parasitically,  and 
to  which  each  generation  makes  an  addition  that  is  left  behind  when  the 
leaves  defray,— In  this,  as  in  the  preceding  doctrine,  however,  it  appears  to 
the  author  that  too  much  account  is  made  of  the  hams,  and  too  little  of 
the  other  parts.  The  leaf  is  by  no  means,  as  some  have  represented  it,  the 
entire  plant;  it  is  only  the  most  iraportant  of  the  vegetative  organs  of  the 
plant     But  it  cannot  maintain  an  independent  existence  (save  in  a  few  rare 

*  If  the   individutility   of  haf-frndi  ba  maintained,    because  they   will   coatione  to 

Iflt  041  grafts^  the  same  nttHbute  i^iugfat  to  be  allowed  to  partB  of  animah^  e,  g»  teeth, 

itcs,  oTflrifs,  &^^,  wliich  UftTe  been  removed  treio  one  animal  Jind  iraplauted  m  mi* 

or,  aad  which  hnTe  formed  new  attachments  to  the  latterj  and  continued  to  grow* 

Dr.  Ilarrey  **0n  the  NatarOi  LongCTity,  tmd  Sue  of  Truea,"  in  the  ^^Edinb* 
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cases  in  which  the  leaf  possesses  annsnal  absorbent  powers),  unless  it  is  able 
to  develop  roots ;  and  it  cannot  perform  the  generative  act,  unless  it  can 
evolve  the  flower.  Now  other  parts  of  the  plant  may  possess  the  same  in- 
dependent vitality^  if  only,  like  leaf-buds,  they  can  evolve  the  organs  in 
which  they  are  themselves  deficient ;  thus,  there  are  many  trees  which  can 
be  propagated  by  cuttings  of  their  roots,  these  having  the  power,  under 
favorable  circumstances,  of  putting  forth  leaves;  and  there  are  others  which 
can  be  multiplied  in  like  manner  by  division  of  their  stems,  each  cutting 
being  able  to  put  forth  both  leaves  and  roots. 

512.  Further,  whilst  too  much  account  is  thus  made  of  the  leaves  as 
integral  components  of  the  plant,  too  little  is  made  of  the  general  cellular 
basis,  from  which  the  leaves  originate,  and  which  retains  its  vitality  in 
every  stem,  through  the  whole  period  of  its  existence.  This  cellular  hoas 
is  the  continuous  product  of  that  in  which  the  whole  fabric  has  its  origin; 
it  is  that  of  which  the  leaves  arc  offsets,  developed  for  a  particular  purpose 
(the  elaboration  of  nutriment  for  the  axis  and  its  other  appendages),  and 
ceasing  to  exist  when  that  purpose  is  answered ;  and  it  retains  the  power 
of  giving  origin  to  buds  from  any  part  of  it  that  may  be  stimulated  to  in- 
creased development.  For  although  it  may  be  quite  true  that,  under  ardi- 
nary  circumstances,  each  year's  growth  of  buds  originates  in  the  new  tissue 
formed  in  the  preceding  year,  yet  this  tissue  is  but  the  extension  of  the  gene- 
ral cellular  basis ;  and,  under  eorfraor^tnar^  circumstances,  portions  of  this  at 
a  great  distance  from  the  last  formed  buds,  may  develop  a  new  set  of  folia- 
ceous  organs.* — Moreover,  the  doctrine  in  question  is  entirely  inapplicable 
to  the  case  of  the  leafless  Phanerogamia,  such  as  the  Cactacece,  The  8im> 
cnlent  mass  of  which  their  stems  are  composed,  is  obviously  homologom 
with  that  general  cellular  basis,  of  which  the  axes  of  all  the  higher  plants 
consist  at  an  early  stage  of  their  development,  and  from  which  the  leaves  are 
developed  wherever  they  exist ;  whilst  its  foliaceous  surface  performs  the 
functions  of  the  leaf,  the  two  organs  not  being  here  separated,  nor  tbeir 
functions  specialized.  Now,  it  cannot  but  be  admitted  that  it  is  this  cello- 
lar  mass  which,  in  the  Cactaceoe,  constitutes  the  plant;  since  here  no  separate 
leaves  are  evolved.  And  further,  we  must  regard  the  whole  as  one  int^er, 
unless  we  are  prepared  to  say  that  every  separate  portion  of  this  mass, 
which  can  maintain  an  independent  existence,  is  to-  be  regarded  as  endowed 
with  a  distinct  individuality. **  The  duration  of  this  cellular  stem  of  the 
Cactaceae  is  extremely  prolonged,  its  life  being  very  slow ;  so  that  thffe 
are  undoubted  instances  of  plants  of  this  order  continuing  to  exist  for  100 
years ;  and  their  probable  term  of  life  is  very  much  longer.     There  need 

1  The  following,  for  example,  occurred  within  the  Author's  own  obaerratioiL  ia 
Elm-tree,  which  grew  to  the  height  of  nearly  thirty  feet  before  it  gare  forth  VJ 
branches,  had  its  upper  part  entirely  broken  off  in  a  gale  of  wind,  and  the  atem  vii 
left  standing,  entirely  bare  of  foliage.  Its  death  was  considered  almost  inevitable  (laA 
such  it  was  upon  Dr.  Ilarvey's  theory) ;  but  it  was  thought  desirable  to  gire  to  ft  • 
chance  of  recovery,  and  nothing  else  was  done  than  to  slope  off  the  top  of  the  itoaf^ 
so  as  to  prevent  the  lodgement  of  rain.  The  next  spring,  a  great  numl^er  of  bndi  nett 
developed,  along  nearly  the  whole  length  of  the  stump,  where  no  buds  or  branches  bi 
grown  for  many  previous  years ;  these,  in  process  of  time,  became  branches ;  and  thi 
topmost  branches  having  gradually  changed  their  direction  (in  accordance  with  tke 
well-known  law)  from  the  horizontal  to  the  perpendicular,  now  appear  like  contiBii^ 
tions  of  the  stem,  and  the  tree,  after  an  interval  of  about  27  years,  has  quite  recorerrf 
its  symmetrical  appearance,  although  its  aspect  is  of  course  very  different  fh>m  thst 
which  it  presented  before  the  accident. 

'  It  has  been  shown  that  small  fragments  of  the  Cactaceio  may  thus  be  made  to  grov* 
by  grafting  them  upon  other  plants  of  the  family,  even  though  the  generic  alliance  be 
not  very  close.     Soo  note  on  p.  621. 
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not,  therefore,  be  the  least  difficulty  in  adn>ittiiig  tbe  continued  Titalitj  of 
the  genera!  cellular  basis  of  the  stem  of  an  ordinary  tree,  notwithstanding 
that  il  may  have  attained  the  age  of  some  bundrods  or  even  thousands  of 
yeare.  The  parts  first  formed  may  have  long  since  decayed  away,  but  a  new 
growth  IS  continually  taking  place  j  for  the  **cambiuTn-loyer''  (in  the  Exo- 
genous stem)  is  in  a  state  of  continual  increment,  and  the  proximity  of 
leaves  is  not  required  for  the  growth  of  the  additional  layers  of  wood  and 
bark  into  which  it  develops  itself,  nothing  else  being  needed  than  a  supply 
of  elaborated  sap,  which  may  have  been  prepared  by  the  leaves  of  remote 
parts  of  the  fabric  {§  35t). 

513,  There  appears,  then,  to  be  no  medium  between,  on  the  one  hand, 
regarding  the  entire  fabric  developed  from  a  single  generatiTe  act  (».  e.  the 
fertilization  of  a  single  '"germ-ceir*  by  the  contents  of  a  *' sperm>ceir')  as 
forming  one  orf/amitm,  however  great  may  be  the  multiplication  of  similar 
parta,  or  however  independent  these  parts  may  be  of  each  other ;  and  the 
Including  every  product  of  its  own  development,  whether  contemporaneous 
or  successive,  as  one  {jfenerati&n  ;^^v,  on  the  other  hand,  attributing  a  dis- 
tinct individuality  to  every  component  of  the  moat  complex  organism,  and 
designating  every  augmentation  of  the  number  of  its  cells,  by  the  subdi- 
vision of  those  previously  existing,  as  the  production  of  a  new  generation. 
In  either  case,  it  must  be  freely  admitted,  w^e  are  forced  to  do  a  certain 
violence  to  our  ordinary  conceptions ;  but  if,  on  the  one  hand,  it  seems 
strange  not  to  admit  tho  proper  individuality  of  a  completely  independent 
being  (snch  as  a  potiito  plant  which  has  been  developed,  in  common  with 
several  others,  from  a  single  tnber),  nor  to  allow  that  in  developing  itself 
from  a  bud  into  a  complete  plant,  and  in  putting  forth  its  leaves  and  flowers, 
*and  in  maturing  its  seed,  it  passes  through  a  complete  generation  j  on  the 

Other  hand  it  seems  yet  more  absurd  to  regard  the  Iruman  organism,  or  any 
other  composite  fabric,  as  made  up  of  a  congeries  of  individuals,  and  to 
regard  each  of  these  as  entering  upon  a  new  generation  whenever  its  com- 
ponent cells  may  have  been  renewed.  And  it  may  be  the  wisest  course, 
perhaps,  to  invent  new  terms,  rather  than  to  distort  the  meaning  of  those 
in  common  use. 

514,  If,  now^,  we  take  a  retrospect  of  the  whole  Bcrtes  of  phenomena  of 
Vegetable  Keproduction,  we  see  that  In  all  the  cases  (by  far  the  larger  pro- 
portion) in  which  a  true  Generative  aet  is  linown  or  believed  to  toko  place, 
the  fertilized  cell,  which  is  the  immediate  product  of  this  set,  gives  origin, 
by  successive  subdivisions,  to  an  immense  congeries  of  cells,  each  having  a 
certain  degree  of  independent  vitality; — that  io  the  simplest  Protophytes, 
each  one  of  these  detaches  itself  from  the  rest,  and  lives  for  and  by  itself, 
in  a  state  of  fuiwtwnal  independence  of  them,  except  so  far  as  it  requires 
aiiotlJtr  to  conjugate  with,  whilst  there  is  yet  the  same  fmmolo^cal  rela- 
tionship among  them  all,  as  exists  among  the  component  cells  of  any  single 
plant  developed  from  seed  ; — that  at  a  little  higher  elevation  in  the  scale, 
the  cells  developed  from  one  primitive  germ  remain  attached  to  each  other, 
and  form  masses  of  almost  unlimited  extent  (such  an  the  gigantic  fronds  of 
marine  Algoe),  all  whose  parts  are  in  like  manner  homologically  related, 
whilst  they  nevertheless  continue  so  similar  in  their  endow^ncnts  as  to  possess 
a  g-reat  degree  of  functional  independence  ; — that,  as  we  ascend  yet  higher, 
we  find  the  evolution  of  the  primary  embryonic  cell  no  longer  consisting  in 
the  multiplication  of  homogeneous  parts,  but  involving  the  development  of 
some  of  tiie  products  of  it^  subdivision  into  fomis  very  dissimilar  to  its  own 
and  to  each  other ;  and  of  the  organs  so  developed,  a  certain  combination  is 
requisite  for  the  maintenance  of  vegetative  activitj^jrrV^jt  1*^^  even  wher^i 
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considerable  degree  of  matual  dependence  is  thas  established,  as  in  the 
most  heterogeneous  and  highly  specialized  Vegetable  organism,  there  is 
usually  such  a  multiplication  of  similar  parts,  that  many  of  these  can  be 
removed  without  serious  injury  to  the  remainder ;  whilst  there  is  frequently 
also  such  an  amount  of  reproductive  capacity  still  remaining  in  each  prin- 
cipal organ,  that,  even  when  separated  from  the  rest,  it  can  develop  what- 
ever parts  are  deficient,  and  can  thus  maintain  its  existence  independently 
of  them.  It  is  only  when  the  whole  series  of  phenomena  is  thus  compre- 
hensively surveyed,  that  we  rightly  appreciate  the  real  relationship  of  the 
conii)oncnt  organs  of  the  most  perfect  Phanerogamous  plant  or  of  the  iso- 
lated cells  of  the  simplest  Protophyte. 

515.  The  true  relations  between  the  Generative  operations  of  the  dif- 
ferent groups  we  have  been  surveying,  are  considerably  obscured  by  the 
entire  want  of  conformity  which  exists  among  them,  as  to  their  relations 
with  the  Vegetative  or  developmental  phases  of  Plant-life.     Thus,  if  we 
start  from  the  "  primordial  cell"  of  the  embryo,  we  j&nd  this  evolving  itself 
by  duplicative  subdivision  into  that  leafy  stem  which  is  accounted  "the 
plant"  in  Phanerogamia ;  and  the  same  happens  in  the  Ferns  and  their 
allies.     This  ''vegetative  system"  in  the  Angiospermous  Phanerogamit 
gives  origin  by  continuous  gemmation  to  the  **  generative  system,"  which 
consists  of  the  flowers  bearing  ovules  and  pollen-grains ;  and  no  ohvim 
phase  of  existence  intervenes  between  the  development  of  the  embiyo-sic 
contained  in  the  ovule,  and  the  origination  of  the  primordial  cell  of  the 
embryo  as  the  consequence  of  fecundation.     In  the  Fern,  on  the  other 
hand,  the  '*  vegetative  system"  does  not  at  once  develop  the  "  generatire 
system,"  but  produces  a  number  of  detached  "spores,"  each  of  which  d^ 
velops  itself  independently  into  a  "  prothallium"  bearing  the  essential  gen^ 
rative  organs ;  yet  this  prothallium  is  shown  by  tracing  its  homologne  in 
the  Lycopodiaceaj  and  Gymnospermeffi,  to  be  but  a  higher  development  of 
the  fugitive  endosperm-cells  of  the  ovule  in  the  ordinary  Phanerogamia, 
which  thus  constitute  the  sole  representative  of  the  prothallium  in  Crypto- 
gamia.     But  when  we  go  to  the  Mosses  and  Liverworts,  we  find  the  inuw- 
(liate  product  of  the  generative  operation  to  be  a  mere  sporangium  instead 
of  a  complete  plant ;  and  that  which  in  these  tribes  constitutes  "  the  plant^ 
is  evolved  from  the  spore,  being  a  still  higher  development  of  the  prothal- 
llal  condition.     And  descending  to  the  CIiaracetB,  which  maybe  considmd 
ns  affording. a  typical  example  of  the  phase  of  Plant-life  presented  by  the 
lower  Cryptogaraia,  we  not  only  find  the  prothallium,  with  its  antheridift 
and  archegonia,  ranking  as  "  the  plant,"  but,  as  each  primordial  cell  dew- 
lops  itself,  not  into  a  sporangium,  but  into  a  new  prothallium,  we  entirely 
lose  sight  of  that  phase  which  in  the  Mosses  is  represented  by  the  deTclop- 
ment  of  the  stalked  spore-bearing  capsule,  in  the  Ferns  by  the  developiBeit 
of  the  stem  and  spore-bearing  leaves,  and  in  the  Phanerogamia  by  tk 
evolution  of  the  whole  apparatus  of  leaves  and  flowers.* 

3.  Reproduction  in  Animals, 

516.  The  condition  of  the  Reproductive  function  in  the  lower  part  of 
the  Animal  Kingdom,  may  be  considered  as  almost  precisely  analogoos  to 
that  which  it  presents  among  the  higher  Plants ;  for,  on  the  one  hand,  w 
find  the  act  of  Generation  performed  under  circumstances  which,  on  the 

>  For  n  fuller  discussion  of  the  liomologies  between  Phanerogamia  and  Crypto|i»i>» 
pee  Mr.  Henfrey  "  On  the  Reproduction  of  the  Higher  Ciyptogamia  and  the  T^mOB^-    I  * 
gamia,"  in  "Ann.  of  Nat.  Hist,"  2d  Ser.,  vol.  ix.  p.  441.  1^ 
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whole,  most  resemble  those  under  which  it  takes  place  in  the  Phanerogamia ; 
whilst,  on  the  other,  we  see  that  this  is  by  no  means  the  only — frequently 
not  even  the  chief— mode  in  which  the  multiplication  of  the  original  stock 
is  provided  for,  repetitions,  of  that  stock  being  produced  by  a  process  of 
self-division  or  of  gemmation,  so  that  a  large  number  of  the  independent 
beings  ordinarily  designated  as  "individuals"  may  result  from  one  act  of 
generation.  Such  beings,  as  already  shown  in  regard  to  Plants,  have  a 
very  different  relationship  to  one  another,  from  that  which  is  possessed  by 
the  perfect  individuals  among  the  higher  classes  of  animals,  every  one  of 
which  contains  in  itself  the  entire  product  of  the  act  of  generation  in  which 
it  originated ;  being,  in  fact,  as  nearly  related  to  each  other  hy  descent^  as 
are  the  several  parts  of  the  body  of  the  latter,  although  possessing  a  func- 
tional independence  that  enables  them  to  maintain  a  separate  existence. 
As  it  is  peculiarly  important  that  the  true  nature  of  this  relationship  should 
be  kept  in  view,  the  detached  portions  of  the  stock  originating  in  a  single 
generative  act  will  be  termed  Zooids;  whilst  by  the  words  "animal"  or 
"  entire  animal"  (the  equivalent  of  ZoonY  will  be  implied,  in  the  lower 
tribes  as  in  the  higher,  the  collective  product  of  a  single  generative  act,^ 
Thus,  the  whole  Zoophytic  structure  produced  by  continuous  gemmation 
firom  a  single  ovum,  will  be  considered  as  one  animal ;  just  as  the  whole 
product  of  a  single  seed  is  one  plant.  And  as  the  homological  relation  of 
the  parts  to  each  other  is  not  disturbed  by  their  detachment,  although  they 
are  rendered  functionally  independent,  the  detached  gemmae  or  zooids  of 
the  Hydra  (§  534)  are  the  real  equivalents  of  the  connected  polypes  of  the 
JLaomedea  or  other  composite  Hydroid  Zoophyte  (Fig.  99). 

517.  Further,  as  the  multiplication  of  separate  zooids  to  any  extent  is 
a  process  of  exactly  the  same  order  as  the  growth  of  the  composite  struc- 
ture in  which  they  remain  continuous  with  each  other ;  and  as  this,  again, 
18  obviously  of  the  same  nature  with  the  development  and  growth  of  the 
component  parts  of  more  heterogeneous  organisms  higher  in  the  scale ;  it 
Ib  clearly  correct  to  include,  under  the  title  of  one  generation,  in  the  former 
case  as  in  the  latter,  all  that  intervenes  between  one  Generative  act  and 
the  next.  If  the  phenomena  be  viewed  under  this  aspect,  it  will  be  obvious 
that  the  so-called  "  alternation  of  generations"  has  no  real  existence ;  since 
In  every  case,  the  whole  series  of  forms  which  is  evolved  by  continuous 
derelopment  from  one  generative  act,  repeats  itself  precisely  in  the  products 
of  the  next  generative  act.  The  alternation  wliich  is  very  frequently  pre- 
sented in  the  forms  of  the  lower  Animals,  is  between  the  products  of  the 
generaHve  act  and  the  products  of  gemmation;  and  the  most  important 
difference  between  them  usually  consists  in  this — ^that  the  former  do  not 
contain  the  generative  apparatus,  which  is  evolved  in  the  latter  alone. 
Mot  nnfrequently,  indeed,  it  happens  that  the  detached  zooids  are  little 
ehe  than  combinations  of  generative  organs  with  a  locomotive  apparatus 
adapted  for  their  dispersion ;  or  they  may  be,  in  the  first  instance,  nothing 
dae  than  buds,  which  will  gradually  evolve  themselves  into  such  a  self- 
moving  generative  apparatus.  Now  the  relation  of  these  generative  zooids 
to  those  which  are  merely  repetitions  of  the  nutritive  organs — as,  for  exam- 
ple, the  relation  between  the  Medusa-buds  and  the  Polypes  of  the  Hydroid 
Zoophytes  (Figs.  231,  232) — will  be  seen  to  be  precisely  the  same  as  that 

I  The  term  zooid  was  saggested  to  the  Author  by  his  friend  Mr.  Huxley,  whose  re- 
•Muxhes  on  the  Acalephss,  carried  on  in  the  Indian  Seas,  had  led  him  independently  to 
adopt  precisely  the  same  view  of  the  relation  of  the  two  processes,  as  that  for  which 
hit  himself  contends.  By  some  of  the  French  Naturalists,  the  word  Z'Oonite  has  been 
1  in  nearly  the  same  sense. 
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of  the  flowcr-buds  to  the  leaves  of  a  Phanerogamic  plant;  and  whilst  we 
have  in  the  VaUiineria  spiralis  (§  504,  note)  an  example  of  the  spontaneous 
detachment  of  a  bud  in  which  one  portion  of  the  reproductive  apparatus 
is  already  evolved,  we  have,  in  the  separation  and  diffusion  of  the  spores  of 
the  Fern,  a  still  more  remarkable  example  of  the  detachment  of  gemms  in 
the  simplest  possible  condition,  whose  whole  power  of  development  is 
directed  to  the  production  of  a  true  generative  apparatus  (§  494).  The 
generative  zooid  may  be  merely  a  segment  cast  off  from  the  body  at  large, 
possessing  no  locomotive  power,  as  in  the  case  of  the  Tcmia  (§  570);  or  it 
may  contain  a  combination  of  generative  and  locomotive  organs,  as  in  the 
self-dividing  Annelida  (§5t6).  It  may  possess,  however,  not  merely  loco- 
motive organs,  but  a  complete  nutritive  apparatus  of  its  own,  which  is  the 
case  in  all  those  instances  in  which  the  zooid  is  cast  off  in  an  early  stage  of 
its  development,  and  has  to  attain  an  increased  size,  and  frequently  also  to 
evolve  the  generative  organs,  subsequently  to  its  detachment ;  of  this  we 
have  examples  in  the  Medusa  budded  off  f^om  Hydroid  Zoophytes  (§  539), 
and  in  the  aggregate  Salpce  (§§  55t — 560),  as  well  as  in  other  beings  of 
similar  completeness. 

518.  It  has  been  already  pointed  out,  that  what  have  been  called  the 
jissiparous  and  the  gemmiparous  modes  of  reproduction,  are  one  and  the 
same  in  their  essential  nature.  Of  the  former  we  have  the  type  in  the  mul- 
tiplication of  cells  by  self -division,  which  is  best  seen  in  the  Algse  (§  349); 
whilst  of  the  latter  we  have  the  type  in  the  multiplication  of  cells  by  o«<- 
growih,  which  is  common  in  the  Fungi  (§  354).  The  fissiparous  method  is 
the  one  most  frequently  witnessed  among  the  Protozoa,  whose  conditioii 
most  nearly  approximates  that  of  the  Algae ;  and  it  is  occasionally  seen, 
also,  amoug  Zoophytes.  But  in  the  latter  class,  as  in  all  the  higher  tribes 
in  which  detached  zooids  are  produced,  gemmation  is  by  far  the  most  oflul 
method  of  their  evolution. 

519.  The  act  of  Generation  is  accomplished  among  Animals,  as  ii  the 
higher  Plants,  by  the  union  of  the  contents  of  a  **  sperm-cell"  with  those 
of  a  ''germ-cell;"  the  latter  being  that  from  within  which  the  embryo  is 
evolved,  whilst  the  former  supplies  some  material  or  influence  necessaiy  to 
its  evolution.  These  "  sperm-cells"  and  '*  germ-cells"  are  usually  developed 
in  special  organs,  as  in  all  the  higher  Plants ;  but  in  Sponges,  as  well,  per 
ha))s,  as  in  some  others  of  the  lower  Animals,  they  are  evolved  out  of  ^ 
midst  of  the  ordinary  parenchyma,  and  have  no  special  locality;  In  mmr 
of  the  lower  tribes,  again,  both  sets  of  generative  organs  are  developed  ii 
the  same  organism,  and  are  capable  of  conjoint  action ;  the  animal  is  thei 
said  to  be  hermaphrodite.  There  are  others  in  which  both  sets  of  orgai^ 
exist,  but  they  are  not  capable  of  conjoint  action,  so  that  the  concureBce 
of  two  individuals  is  required,  each  fertilizing  the  other;  such  are  ibo 
termed  hermaphrodite,  although  they  differ  from  the  true  hermaphroditti 
in  not  being  self-fertilizing.  In  the  highest  members  of  the  Rtdiilei 
Articulated,  and  Molluscous  divisions,  however,  and  in  all  Yertebntt* 
only  one  set  of  sexual  organs  is  possessed  by  each  individual,  whkh  if 
then  designated  as  monosexual. — It  has  been  a  matter  frequently  ui 
earnestly  discussed,  whether  the  embryo  is  to  be  considered  as  the  pro* 
duct  of  the  male  or  of  the  female  portion  of  the  generative  appantas: 
so'me  having  regarded  the  function  of  the  sperm-cell  as  limited  to  the 
stimulation  of  the  developmental  process  in  an  embryonic  stmctiire 
already  evolved  in  the  germ-cell ;  whilst  others  have  considered  that  the 
real  germ  is  produced  in  the  sperm-cell,  and  that  it  is  implanted  in  the 
germ-cell  in  the  act  of  fertilization,  to  be  henceforth  dependent  npoa  the 
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female  organism  for  the  materials  of  its  develo]>Tiient,  Kow,  if  we  cast  oar 
ejes  back  upon  the  simplest  Cryptogamia,  we  see  that  there  is  no  proper 
distinction  of  male  and  female  amongst  them ;  bat  that  each  of  the  conja- 
gating  cells  contribates  an  equal  share  to  the  result  (§  481).  And  the  de- 
partures from  this  equality  which  arc  seen  in  the  higher  Plants,  appear  to 
have  reference  rather  to  the  part  to  be  taken  by  the  female  portion  of  tlie 
apparatus  in  aiding  the  subsequent  development  of  the  germ^  than  to  its 
fiFst  production ;  and  it  seems  probable  that  in  the  highest  animal,  as  in 
the  lowest  plant,  the  formation  of  the  primary  cell  of  the  embryo  depends 
upon  the  actual  intermixture  of  the  contents  of  two  cells,  ao  that  neither 
male  nor  female  can  be  properly  said  to  supply  the  germ  by  itself  Look- 
iag,  however,  to  the  very  equal  mode  in  which  the  characters  of  the  two 
parents  are  mingled  in  hyhnd  offsipring,  and  to  the  certahity  that  the  nmte- 
rtW  conditions  which  determine  the  development  of  the  germ  are  almost 
exclusively  supplied  by  the  female,  it  woald  seem  probable  that  the  dt/iiam- 
ical  coaditions  are  in  great  part  furnished  by  the  male. 

520.  The  "Sperm-cells''  of  Auimahi  usually  present  a  remarkable  corre- 
spondence with  those  of  the  higher  Cryptogamia,  in  the  nature  of  their 
products;  which,  in  the  majority  of  instances,  are  self-moving  filaments,  or 
Sptrmatotoa^  closely  resembling  the  '*  atitherozoids"  of  Ferns,  &c*  These 
were  formerly  considered  in  the  light  of  distinct  and  independent  beingSi 
and  were  termed  *' spermatic  animalcules ;''  but  it  ie  now  universally  admitted 
that  they  cannot  be  regarded  as  having  any  mote  independent  vitality  than 
blood-corpuscles  or  epithelium -eel  Is  ;  the  latter  of  which,  when  ciliated,  have 
at  least  an  equal  power  of  spontaneous  movement.  The  forma  of  these 
spermatozoa  present  a  certain  degree  of  variation  in  the  difterent  groups  of 
animals  J  but  these  variations  cannot  be  said  to  have  any  correspondence 
witli  the  zoological  relations  of  the  animals  in  which  they  are  seen.  Gene- 
rally speaking,  however,  each  spermatozoon  is  composed  of  aa  ovoid 
**  body,"  with  a  long  filiform  "tail,"  strongly  resembling  the  antherozoid  of 
the  Fern  (Fig,  210,  b)  ;  and  it  seems  to  be  by  the  undulations  of  this  tail, 
rather  than  by  cilia  attached  to  the  body,  that  the  movements  of  the  eor- 
pnscle  are  effected.  An  interior  organization  was  formerly  described  as 
traceable  in  the  spermatOKoa ;  but  it  is  now  certain  that  they  are  homogene- 
ous, or  nearly  so,  throughout;  and  that  the  supposed  presence  of  a  month, 
anas,  kQ.,  has  no  real  foundatiun.  These  movements,  however,  are  by  no 
means  of  the  same  nature  in  all  instances.  Sometimes  they  consist  of  lateral 
imdulations,  as  uniform  and  moderate  in  their  rate  as  the  vibrations  of  a 
pendulum  ;  in  other  instances,  a  series  of  interrupted  jerks  is  exhibited,  the 
tEul  being  coiled  up  into  a  circle,  and  then  suddenly  uncoiled  ;  other  sperm- 
atozoa, again,  advance  with  a  regular  screw-like  or  buring  movement,  turn- 
ing ra|>idly  on  their  axes ;  lastly,  there  are  certain  spermatozoa  which  have 
DO  motor  power  whatever,  but  the  conditions  of  these,  as  will  presently  be 
shown,  are  altogether  peculiar*  It  is  obvious  that  the  purpose  of  these 
movements  is  to  bring  the  spermatozoa  into  contact  with  the  germ-cell ;  and 
ire  shall  see  that  the  circumstances  under  which  that  contact  takes  place, 
Tary  gTeutly  in  different  animals.  For  in  some  cases,  the  fluid  containing 
tJae  spermatozoa  in  conveyed  into  the  interior  of  the  female  genemtivc  organs, 
go  that  it  is  ready  to  fertilize  the  germ -cells  as  soon  as  they  are  matured  ; 
ill  otfier  instances,  it  is  effused  upon  the  ova  at  the  time  of  their  deposition  ; 
and  in  other  cases,  again,  it  is  poured  forth  into  the  surrounding  liquid,  and 
diffuses  its  fertilizing  power  far  and  wide  through  this,  so  as  to  act  upon 
any  ova  which  may  have  been  deposited  in  its  neighborhood. 

'621.  The  vitality  of  the  Si>ermato£Qa  ia  not  niuallyiong  preserved,  after 
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they  have  been  set  free  from  the  organism  which  prodaced  them  ;  but,  like 
that  of  muscles,  cilia,  &c.,  it  is  manifested  for  a  longer  time  in  the  case  of 
cold-blooded  animals  than  in  that  of  warm.  Thus,  the  spermatozoa  of  Birds 
frequently  cease  to  move  within  fifteen  or  twenty  minutes  after  the  death  of 
the  animal  which  produced  them,  or  after  their  removal  from  its  body;  in 
the  Mammalia,  their  motion  continues  for  some  time  longer,  especially  if  they 
remain  inclosed  in  their  natural  organs ;  but  the  spermatozoa  of  Fishes  will 
continue  moving  for  several  days  after  their  expulsion.  The  most  remarkable 
prolongation  of  their  vitality  is  seen,  however,  when,  after  their  expulsion  from 
the  male,  they  are  received  into  the  female  generative  organs ;  sach  is  the  case 
with  many  Mollusca  and  Articulata,  which  have  a  special  receptacle  or 
spcrmotheca  for  storing  up  the  seminal  fluid,  in  order  that  it  may  fertilize 
the  ova  as  they  are  successively  developed;  the  spermatozoa  remaining 
active  within  this,  even  for  some  months.  Indeed,  it  appears  ^m  the 
researches  of  Mr.  H.  Qoodsir,*  that  in  certain  Crustacea  the  concliision  rf 
the  development  of  the  spermatozoa  themselves  ordinarily  takes  place  in  this 
situation;  their  formation  not  being  nearly  complete,  at  the  time  when  ther 
leave  the  organs  which  evolved  them.  Even  in  Mammalia,  their  movemente 
liave  been  found  to  continue  unimpaired  for  some  days  after  their  introdaction 
within  the  female  organs.'  The  movements  of  the  Spermatozoa  are  osiullr 
rendered  irregular,  and  are  more  speedily  brought  to  a  close,  by  the  admix- 
ture of  fresh  water  with  the  spermatic  fluid,  which  diminishes  its  density  and 
alters  their  hygroscopic  relations  to  it ;  but  the  admixture  of  animal  fluids 
of  somewhat  higher  density,  such  as  milk,  mucus,  serum,  or  saliva,  produced 
very  little  effect.  The  admixture  of  salt  water,  again,  scarcely  affects  the 
movement ;  nor  does  that  of  fresh,  in  the  case  of  those  animals  whose  ot» 
are  fertilized  by  the  diffusion  of  the  seminal  fluid  through  it,  as  happens  in 
many  fresh-water  Bivalve  Mollusks.  All  such  chemical  agents  as  affect  the 
chemical  composition  of  the  Spermatozoa,  speedily  put  an  end  to  their  more 
meiits ;  and  this  result  is  instantaneously  brought  about  by  an  electric  dis- 
charge, although  a  galvanic  current  does  not  seem  to  have  any  effect  upon 
them.  A  higher  or  a  lower  temperature  than  that  habitual  to  the  organisms 
within  which  they  are  produced,  usually  seems  to  have  a  retarding  influence: 
but  the  motions  of  the  spermatozoa  of  Frogs  and  Fishes  have  been  seen  to 
continue,  when  the  surrounding  medium  was  beneath  the  freezing  point: 
and  those  of  certain  fresh-water  Gasteropoda  have  not  been  arrested  Irr 
contact  with  water  of  158^-176<^  Fahr. 

522.  The  mode  of  development  of  the  Spermatozoa,  as  first  discoTered 
by  Wagner,  and  since  more  fully  demonstrated  by  Kolliker,  is  usually  is 
follows  :  In  the  parenchyma  of  the  spermatic  organs  of  some  animals,  but 
more  commonly  in  the  cavities  of  tubular  vesicular  organs,  resembling  o^ 
dinary  glands  in  structure,  and  designated  as  Testes,  there  are  formed  certain 
large  cells,  which  seem  to  correspond  with  the  epithelial  cells  that  haie 
been  shown  to  be  the  agents  in  the  secreting  process  (§  401).  These  primarr 
cells — corresponding  with  the  primary  cells  within  which  the  real  spew- 
cells  are  developed  in  the  Ferns  (Fig.  210,  c),  and  with  the  primary  cells  of 

1  "  The  Testis  and  its  Secretion  in  the  Decapodous  Crustaceans,"  in  Messrs.  Goodrir'i 
•*  Anatomical  and  Pathological  Obsen-ations." 

2  This  fact  may  help  to  explain  the  phenomenon  of  *<  protracted  gestation :"  for  if  •> 
the  time  when  sexual  intercourse  takes  place,  no  ovum  bo  prepared  for  fcrtiliutioo,  bnt 
the  spermatozoa  can  retain  their  vitality  for  one,  two,  or  three  weeks,  so  as  to  fertilbf 
an  ovum  matured  at  the  end  of  that  period,  the  usual  term  between  intereourtvAftf' 
tuHtion  will  be  extended  by  that  interval,  without  any  extension  of  the  term  betvco 
the  actual  conception  and  parturition. 
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tbe  pollen''  in  the  Phancrogamia  (|  503) — give  origin  in  their  iDtenor  to 
a  rariable  number  of  tedchs  of  evolution^  each  of  which  produuea  a  single 
tpermatozoon.  The  earliest  stages  of  the  developnicnt  of  the  Bperniatozoon 
Mtc  not  as  yet  been  made  out  j  for,  on  the  one  hand,  the  vesicle  is  filled 
with  grantilar  matter  which  obseiires  it^  other  contents ;  whilst,  on  the  other, 
the  spermatozoon  itself  does  not  exhibit  those  sharp  distinct  contours,  de- 
pendent upon  its  high  refi'active  power,  which  aflerwartls  diBtinfruish  it. 
Oradtmlly,  however,  the  grinudar  matter  disajipears*  and  the  s]>erraatozoon 
is  distinctlj  seen  lying  coiled  uj>  within  its  vesicle,  Wheii  t!iis  Is  completely 
matured^  it  bursts,  and  gives  exit  to  the  contained  Bpemmtozoon ;  and  if 
the  primary  cell  have  preYiou sly  burst,  as  usually  happens  in  Mammalia,  the 
spermatozoa  henceforth  move  freely  in  the  spermatic  fluid.  In  Birds,  how- 
ever, it  IB  more  common  for  the  primary  celb  to  eojitiniie  so  long  unrup- 
tared,  that,  when  the  aperraatozoa  are  set  frtre  from  the  vesicles  of  evolnlion. 
i^they  are  still  contained  within  the  enveloping  cyst,  usuBlly  st.raighteninf^ 
^■themselves  out  and  lying  in  bundles  ;  and  it  is  only  when  the  containing  cyst 
^■pt  lost  ruptures,  that  these  bundles  are  broken  up,  and  the  individual  eperma- 
^Bozoa  dispersed. — The  foregoing  may  be  considered  as  the  most  complete 
^^node  of  evolntioa  of  the  spermatozoa ;  and  it  is  on  this  type  that  the  pro- 
cess is  moat  commonly  performed.  According  to  Wagner,  however,  vesicles 
of  evolntion  are  not  always  produced  within  the  primary  cells  i  but  the  nuclei 
of  the^e  may  at  once  resolve  themselves  into  spernmtozoa,  which  then  pre- 
sent a  solid  massive  form,  as  in  the  Chilopoda,  Acarida,  and  Entomostrnca ; 
or,  as  in  the  Kematoid  Entozoa,  the  spermatozoon  is  formed  by  the  conver- 
sion of  the  ecll-membrane  as  well  as  of  the  nucleus  of  the  priman^  cell. 
Even  where  the  spermatozoon  is  formed  within  its  own  secondary  cell  or 
"  vesicle  of  evolution/'  it  ts  probably  by  the  metamorphosis  of  its  nucleus 
that  it  is  really  evolved;  the  process,  go  far  as  it  can  be  traced,  being  ex- 
tremely analogous  to  thnt  by  which  the  peculiar  stinging  organs  of  tlie 
Medusie  and  tlyriroid  Polypes  are  developed,  each  of  them  being  a  cell 
whose  nucleus  is  transformed  into  a  fibre,  which  afterwards  projects  from 
one  e3ctremity  of  it  by  the  rupture  or  solution  of  the  cell-wall. 

523.  That  the  Spermatozoa  ore  the  essential  constituents  of  the  seminal 

fluid,  and  that  the  latter  has  not  in  itself  any  fertilizing  power  (which  some 

have  attributed  to  it),  may  now  be  regarded  as  fully  proved.     There  are 

some  ease^,  as  poiated  out  by  Wagner,  in  which  the  "liquor  semiais^'  is 

altogetiier  absent,  so  that  they  constitute  the  sole  element  of  the  semen; 

wiiifslj  on  the  other  band,  they  are  never  wanting  in  the  seminal  fluid  of 

animals  capable  of  procreation.     Moreover,  there  are  many  animals  in 

^^liieh  the  fccnndntion  of  the  ovum  only  takes  place  after  tbe  difl"a5ion  of 

^tbe  seminal  fluid  through  water;  and  it  Is  difficult  to  imagine  that  the 

liquor  seminis,  in  so  extremely  dilute  a  condition,  can  be  operative  for  its 

fertilizatiou;  although,  when  the  vast  multitude  of  spermatozoa  discharged 

Hi  once  in  such  eases  is  borne  in  mind,  and  their  power  of  continued  spon- 

tatieous  movement  is  taken  into  account,  it  seems  obvious  that  a  special 

provision  has  been  made  fur  bringing  the  spermatozoa  and  ova  into  direct 

contact.     Such  contact  wc  have  every  reason  to  believe  to  be  essential  to 

the  act  of  fecundation.    Thfe  experiment  was  long  ago  tried  by  Spallanzani, 

,     atid  by  Frevost  and  Dumas,  and  has  been  more  recently  repeated  by  Mr. 

I     Newport.,  of  separating  the  spermatozoa  from  the  liquor  seminis  by  filtra- 

'     tion,  and  of  trying  their  respective  effects  upon  the  ovum,     Mr,  Newport 

found  that  when  thus  separated^  and  applied  to  different  sets  of  eggs,  those 

with  which  either  the  spermatozoa  or  tlie  filtering  papers  had  been  placed 

ifl  contact,  were  almost  univeraallv  fertilized,  while  only  a  very  few^  of  those 

34 


530  OF  GENERATION  AND  DEVELOPMENT. 

treated  with  the  liqaor  seminis  were  fecandated;  and  the  fertUization  of 
these  last  is  attributed  by  him,  with  ^eat  probability,  to  the  passage  of  a 
few  of  the  spermatozoa  through  the  filtering-paper.* 

524.  The  development  of  the  Spermatozoa  is  in  most  cases  periodical; 
Man  and  some  of  the  domesticated  races  being  the  only  animals  in  which 
there  is  a  constant  aptitude  for  procreation.  The  spermatic  organs,  which 
remain  for  long  periods  in  a  state  of  atrophy,  at  particolar  times  take  on 
an  increased  development,  and  their  product  is  then  formed  in  great  abond- 
ance.  Some  of  the  most  remarkable  examples  of  this  kind  are  presented 
by  the  class  of  Fishes ;  but  the  contrast  is  scarcely  less  notable  in  the  Passe- 
rine Birds,  whose  testes  in  spring  attain  to  twenty  or  even  thirty  times  Uie 
size  and  weight  which  they  possess  in  the  wiuter.  It  is  when  the  organs  are 
undergoing  this  rapid  increase,  that  the  several  stages  in  the  deyelopmeDt 
of  the  Spermatozoa  may  be  most  advantageously  studied. 

525.  The  sperm-cell  and  its  contents  having  been  thus  described,  Uie 
**  Germ-cell"  next  presents  itself  for  our  consideration.  It  can  scarcely  be 
doubted  that  this  is  the  real  character  of  the  germinal  reside  (Fig.  221, 
V  g)j  which  is  a  peculiar  cell,  with  a  very  well-marked  nucleus,  termed  the 
germinal  spot  {t  g),  that  presents  itself  in  every  Ovum  when  matured  for 

Fig.  221. 
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Constituent  parts  of  Mnmmalimi  Ovum: — a,  entire;  B,  ruptured, with  tbe  contents  etcapiBs;— 
«i  r,  vitelline  membrane;  /.  yolk;  v  g,  germinal  reside;  t  g,  germinal  spot 


fecundation.  It  is  surrounded  by  a  mass  of  nutrient  matter,  chiefly  com- 
posed of  albumen  and  oil-particles,  which  is  known  as  the  viteUu9  or  fdt 
(j)  ]  and  the  whole  is  inclosed  within  an  envelop,  which  is  termed  the 
vitelline  membrane  or  yolk-sac  {m  v).  This  membrane  in  the  Mammal 
(whose  ovum  is  here  represented)  is  of  peculiar  thickness  and  transparencj, 
and  is  distinguished  as  the  Zojia  peUucida.  The  size  of  the  ovum  depends 
mainly  upon  the  quantity  of  yolk  which  it  contains;  and  this  seems  i»o- 
portioned  to  the  grade  of  development  which  the  embryo  is  to  attain, 
whilst  still  dependent  upon  it.  Thus,  in  the  Insect,  whose  larv»  come  forth 
from  the  a^g  in  a  very  immature  condition,  the  yolk  is  very  minute,  uA 
the  bulk  of  the  larva  on  its  immersion  bears  a  marvellously  small  propor- 
tion to  that  which  it  soon  presents.  On  the  other  hand,  in  Birds,  whose 
entire  development  into  the  ornithic  type  is  accomplished  before  quitting 
the  egg,  the  store  of  yolk  is  much  larger  in  comparison,  and  the  yonog  is 
not  nearly  so  disproportionate  to  the  adult  in  size.     After  it  has  pawed 

»  "Philosophical  Trnnsactiona,'*  1851,  p.  204.— For  the  most  recent  mud  complete 
informatioQ  on  the  Dcyelopiuent  and  Varieties  of  the  Spennatoioa,  see  tbe  irt> 
** Semen,"  by  Drs.  Wagner  and  Leuckart,  in  "Cyclop,  of  Anat.  and  PhynoL,  vol iu- 
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fortb  from  the  OTarium,  nnd  has  been  fertilized,  the  proper  ovum  of  manv 
onimals  receives  an  additional  investment  of  albumen,  which  is  linown  a^: 
the  "  white"  of  the  tgg'^  this  is  gradually  drawn  iiito  the  yolk  as!  the  latter 
is  exhausted,  and  eon  tributes  to  the  nutrition  of  the  embryo  during  thr 
latter  Magea  of  its  development.  The  ovum  of  Mammalia,  who^e  yolk  h 
extremely  minute,  does  uot  (aa  might  be  supposed)  eonstitnte  an  exception 
t^  the  principle  just  stated  j  for  the  embryo  makes  but  a  very  gmall  advance 

development,  whibt  ,<instained  by  the  material  sap|iliefl  by  the  yolk  ;  and 

dependent  for  support,  during  the  whole  remainder  of  itn  evolution, 
upon  the  nutriment  which  it  derives  from  the  parent  by  the  more  direet 
eonnection  subsequently  formed  (§§  GOT — GOS.) 

526.  The  Development  of  the  ovum,  like  that  of  the  spermatic  cells, 
SOinetimes  takes  place  in  the  ptirenehynm  of  the  germ-])repainng  organs  or 
OTttfies,  sometimes  within  their  cavity.  In  many  of  the  lower  animals,  the 
td«te8*and  ovaries  bear  such  a  close  resemblance  to  one  another,  as  to  be 
Cjuite  nn  distinguish  able ;  and  the  same  is  the  case  in  the  early  condition  of 
the  generative  apparatus  even  of  Man.  In  Articulated  and  Molluscous 
auimali^  generally,  the  ovaries,  like  the  testes,  have  a  glandular  character ; 
but  while  the  former  retain  the  vesicular  type,  the  latter  are  often  pro- 
longed into  convoluted  tubes.  In  the  Tertebrata,  we  have  a  return  to  the 
imrenehymfttons  type  of  ovarian  Btnicture ;  the  ova  being  evolved  in  the 
midst  of  a  very  solid  fibrous  tissue  or  stroma,  Kach  ovum  seems  to  be 
developed  within  a  "  pan-nt-cell"  of  its  ovm,  which  is  called  the  ovisac; 
and  the  production  of  the  ovifiaca  may  take  place  very  early  in  life,  for  in 
the  o?aries  of  some  animali^  they  can  be  detected  almost  as  soon  as  these 
organs  are  themselves  evolved^  and  generally  present  themselves  not  long 
afterwards.  The  germinal  vesicle  is  the  part  of  the  ovum  which  earliest 
shows  itself  within  the  ovisac ;  and  is  at  first  Been  in  its  centre,  surrounded 
by  an  a^sserablage  of  granules  which  is  the  commencement  of  the  yolk. 
This  collection  gradually  augments,  and  the  vitelline  membrane  is  developed 
around  it ;  and  as  the  ovum  advances  towards  maturity,  it  draws  from  the 
enveloping  vascular  substance  that  amount  of  albominous  and  oleaginous 
matters  which  h  appropriate  to  it.  Like  the  augmented  development  of 
the  contents  of  the  spermatic  organs,  that  of  the  ovaries  is  generally  periodi- 
cal; a  large  number  of  ova,  in  most  of  the  lower  tribes  of  animals,  are 
advancing  towards  maturity  at  the  same  period,  and  they  are  discharged 
either  simultaneously  or  successively;  after  which,  the  ovarium  relapses 
into  its  previous  inactivity.  In  the  Human  female,  however^  and  in  that 
of  many  domesticated  animals,  the  difleTenee  between  these  two  states  is 
much  less  marked;  and  although  the  complete  maturation  of  the  ova,  and 
their  escape  from  ihe  ovary,  n»ay  only  take  place  at  parlicular  intervals, 
yet  there  appears  to  be  a  coutinual  advance  towards  tliat  maturntiou,  even 
daring  tlie  ewrlier  periods  of  life.  When  it  has  attained  its  full  develop- 
ment, the  ovum  et^capes  from  the  ovisac,  which  either  ruptures  or  thins 
away  to  give  it  exit;  and  it  is  then  ready  for  fecundation.  If  not.  fecun- 
dated, it  usually  dies  within  a  few  days;  its  eoulinued  life  being  dependent 
upon  the  due  performance  of  the  operations  for  which  it  is  destiued. 

o27.  The  Fecundation  of  the  ovum  is  accomplished  by  the  contact  of 
the  spermatozoa;  and  the  place  and  circumstances  of  this  contact  vary 
considerably,  m  already  pointed  out.  It  does  not  appear,  however,  that 
the  essential  nature  of  the  fecundating  process  is  in  any  way  luilucnccd  by 
liie  locality  in  which  it  occurs;  and  what  is  true  of  one  cus^e,  h  proVmbly 

e  of  all.  Ureat  diflieulties,  however,  stand  in  the  way  of  the  dctermi- 
tion  of  the  changes  in  the  ovum,  which  immediately  precede  and  follow 


532  OF  GENERATION  AND  DEVELOPMENT. 

the  act  of  fecundation ;  and  observers  are  by  no  means  agreed  upon  the 
point.     The  *' germinal  vesicle"  of  the  ovum  which  is  approaching  mato- 
rity,  no  longer  presents  its  ordinary  pellucidity,  but  becomes  obscure ;  and 
this  obscuration,  which  has  led  some  to  the  belief  in  its  entire  disappear- 
ance, is  affirmed  by  Dr.  Barry  to  be  due  to  the  development  of  a  mass  of 
cells  in  its  interior,  which  sprout,  as  it  were,  from  the  germinal  spot,  and 
gradually  fill  up  its  cavity.     This  statement  is  confirmed  by  Wagner,  and 
Vogt ;  whose  observations  lead  them  to  the  belief  that,  when  thus  filled 
with  cells,  the  germinal  vesicle  bursts  and  sets  them  free,  so  that  they  be- 
come diff'uscd  through  the  yolk.     This  view  is  adopted  also  by  Mr.  New- 
port, as  the  result  of  his  recent  observations  on  the  ovum  of  the  Amphibia; 
and  he  states  that  this  dissolution  of  the  germinal  vesicle  tind  diffusion  of 
its  contents  takes  place  as  a  preparation  for  fecundation,  and  not  in  conse- 
quence of  it.*    That  the  spermatozoa  actually  make  their  way  through  the 
vitelline  membrane,  and  penetrate  to  the  interior  of  the  ovam^  ha9  been 
affirmed  at  different  times  by  various  observers  (as  MM.  Prevost  and 
Dumas,  Dr.  Martin  Barry,  Prof.  Wagner,  Dr.  Nelson,  and  Dr.  Eeber); 
but  exceptions  having  been  taken  to  their  statements  by  other  eminent 
physiologists,*  they  have  not  obtained  general  currency.     The  results  of 
the  very  careful  study  of  the  process  of  impregnation  in  the  Frog,  recently 
made  by  Mr.  Newport,  seem,  however,  to  leave  no  reasonable  doubt  on 
this  point :  for  the  penetration  of  the  spermatozoa  into  the  thick  gelatinous 
envelop  of  the  ovum,  so  that  their  large  extremities  come   into  close 
contact  with  the  vitelline  membrane,  may  be  observed  (as  the  Anther  can 
himself  bear  testimony)  without  any  difficulty,  and  under  favorable  drcmn- 
stances,  the  spermatozoa  may  be  detected  mthin  the  vitelline  cavity  m 
direct  communication  with  the  substance  of  the  yolk."    They  do  not  enter 
by  any  special  orifice,  but  pierce  the  substance  of  the  envelops  at  my 
part  with  which  they  may  happen  to  come  into  contact.     Some  time  after 
entering  the  yolk  chamber,  they  become  disintegrated ;  being  resolved  st 
first  into  elementary  granules,  and  probably  afterwards  deliquescing  entirely. 
It  appears  from  Mr.  Newport's  ingenious  experiments,  that  the  contact  of 
a  single  spermatozoon  is  not  adequate  to  produce  complete  fecundation, 
but  that  the  penetration  of  a  certain  number  of  spermatozoa  is  requisite ; 
and  he  has  ascertained  that  fecundation  may  be  effected  j^arfioffy  (so  as  to 
occasion  some^  though  not  all,  of  the  normal  changes  in  the  ovum),  by  t 
smaller  amount.     Availing  himself  of  the  agency  of  caustic  potass,  which 
had  been  ascertained  by  Frerichs  to  be  a  powerful  solvent  of  the  sperma- 
tozoa, he  applied  this  agent  to  the  ova  at  determinate  periods  after  the 
application  of  these  bodies ;  and  he  found  that  when  the  interval  of  time 
between  the  application  of  the  seminal  fluid  and  that  of  the  solution  of 
potash  was  only  one  or  two  seconds,  the  "  segmentation"  of  the  yolk  took 
place  (§  528),  but  no  embryos  were  produced.     When,  however,  the  inter- 
val was  five  seconds,  a  very  few  embryos  were  formed ;  but  when  the 
interval  was  fifteen  or  more  seconds,  they  were  produced  in  greater  nnm- 
ber. — The  spermatozoon  may  be  looked  upon  as  a  sort  of  solidification  of 
the  contents  of  the  **  sperm  cell,"  endowed  with  a  temporary  power  of 

1  "Philos.  Transact.,"  1851,  p.  179. 

*  See  especially  Dr.  BischofTs  '^Widcrlegung  des  Ton  Dr.  Eeber  bei  den  Najidai. 
und  Dr.  Nelson  bci  den  Ascariden,  belmiipteten  Eindringens  der  Spermatozoiden  in  du 
Ei,"  Geisscn,  1854. — Dr.  Bischoff  most  completely  disposes  both  of  Dr.  Keber's  ttd 
Dr.  Nelson's  assertions,  and  fully  points  out  the  errors  of  obaerVation  and  of  inteniw- 
tation,  on  which  they  have  been  based. 

5  "Philos.  Transact.,"  1853,  pp.  266—281. 
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spontaneous  mOYemcnt,  fur  the  purpose  of  brinpnir  it  into  contact  with 
the  **  (j^erm-cell,"  and  resolved  by  that  contact  into  its  original  fluid  form, 
ill  which  it  is  capable  of  acting  upon  the  product  of  the  germ-cell  within 
the  ovunL  It  is  obvious  that  the  whole  process  thus  comes  to  bear  a  very 
cloiie  correspondence  to  the  fertilization  of  the  embryonal  vesicle,  by  the 
fttitherozoids  of  Cryptogamia,  or  by  the  pQllen-tahes  of  Flowering-riantB. 
52S.  The  first  changes  consequent  upon  feenndation  are  so  nearly  the 
same  in  their  character  in  all  Animals,  that  it  is  desirable  to  give  i^uch  a 
^neral  account  of  them,  as  shall  be  applicable  to  the  greater  number  of 
iudividiial  cases,  and  shall  thus  serve  as  a  foundation  on  which  to  build  the 
special  deseriptions  hereafter  to  be  given  of  the  principal  plana  of  develop- 
ment which  arc  exhibited  during  the  latter  stages.  In  the  impregnated 
ovum  of  many  Entozoa,  whose  transparency  enables  their  interior  to  be 
more  clearly  discerned  than  that  of  most  higher  aaimal^j  a  new  and  peculiar 
cell,  Ihe  '*  embryonic  vesicle/'  is  seen  in  the  midst  of  the  yolk  j  which,  from 
its  subsequent  history,  may  obviously  be  regarded  as  the  equivalent  of  the 
**  primordial  cell"  of  Phanerogamia  (§  5Q5)-  The  origin  of  thia  cell  has 
not  been  distinctly  traced;  but  it  is  probably  formed  de  novoj  like  the  pri- 
mordial cell  of  the  Yegetable  embryo,  either  as  a  '*  free  cell"  or  in  the  in- 
terior ofone  of  the  secondary  cells  that  have  been  set  free  by  the  rapture  or 
diJfluence  of  the  germinal  vesicle.  The  latter  would  seem  most  probable, 
from  the  analogy  of  the  Phanerogamia.  In  the  ova  of  certain  Entozoa  (as 
<7wcw//rtiiu*  and  Ascaris  dentaia)^  and  perhaps  in  those  of  other  animals  be- 
longing to  the  inferior  classes,  the  development  of  the  embryonic  mass  com- 
mences very  much  after  the  Bama  plan  as  in  Plants.  The  primordial  cell 
lying  free  in  the  midst  of  the  yolk,  suhdiirides  into  two,  each  of  these  into 
two  others,  and  so  on,  according  to  the  regular  type  of  ceU-multiplication 
in  a  growing  part;  so  that,  in  place  of  the  single  cell,  we  have  first  2,  then 
4,  then  8,  then  IG,  then  32,  and  so  on.  As  these  cells  multiply  and  enlarge, 
tbey  draw  into  themselves  the  nutrient  matter  which  surrounds  them ;  so 
that,  when  the  whole  yolk  has  been  thus  absorbed,  the  yolk-bag  is  entirely 
occupicfl  by  the  embryonic  mass,  entirely  composed  of  cells  evolved  from  the 
primordial  embryo-cell,  thus  representing,  in  the  manoer  of  its  development. 

Fig.  n± 


Siic(Je**ivo  llagei  of  Soj^incntiLtlDn  in  the  vitdlu^  «f  tha  Ovtiiti  nf  Atcuri*  ncNHftfi'ifn ; — A» 
Diraiii  reeetitlj  imprflgnated,  the  ycilk-bag  !< lightly  acpnmti^d  from  the  env^jlufiltig  mtjuihrnno  ; 
B,  Gr^t  fUiiinn  into  two  haliret;  r,  sceL>Tid  fisaion^  formitig  tour  itegmenU^  ii«  yutk,  jujw  divided 
Into  TJumcroiiB  le^menti;  k^  fDrmnLiun  cf  ^'muVbcrrj  iqivfa"  hj  furiiier  segmoutatiun ;  p,  tbe 
mtk»i  nf  cjdl*  noi?  be^iupjn^  to  s?how  tlie  form  of  the  future  worm  j  a,  further  progret*  of  Itt 
eToluUtjn;  «,  tb«  ymtta,  formed  hy  ibu  couv^raiop  of  th«  yoLWcllj,  tmvt  Bcorly  luiittiro. 
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the  embryo  of  a  Lcgaminons  plant  (§  506).  Bat  in  other  Entozoa  (eren 
in  some  species  of  Ascaris),  a  dififerent  plan  is  followed ;  for  each  of  the  cells 
which  is  produced  by  the  successive  fissions  of  the  embryonic  vesicle,  draws 
around  itself  a  certain  portion  of  the  yolk,  which  thus  successively  divides 
into  as  many  segments  as  there  are  embryonic  cells ;  and  thus  is  produced 
that  segmentation  of  the  entire  yolk,  or  of  a  part  of  it,  which  is  one  of 
the  most  striking  features  in  the  early  history  of  embryonic  development 
in  all  the  higher  animals.  The  several  stages  of  this  process,  as  it  takes 
place  in  the  ovum  of  Ascaris  acuminata^  are  shown  in  Fig.  222,  A,  B,  c. 
D,  £ ;  and,  for  the  sake  of  comparison,  the  early  stages  of  segmentation  in 
the  yolk  of  the  Mammalian  ovum  are  shown  in  Fig.  223,  A,  b,  c.    It  should 


Progresuve  stages  in  the  Segmentation  of  the  yitellns  of  the  Mammalian  Orum : — ▲,  its  fint 
division  into  two  halves;  b,  subdivision  of  each  half  into  two;  c,  further  subdi vision,  prodoe- 
ing  numerous  segments. 

be  stated,  however,  in  regard  to  the  latter,  that  the  primordial  cell  has  not 
yet  been  clearly  made  out  in  its  interior,  and  that  the  nature  of  the  body 
which  forms  the  centre  of  each  segment  has  not  been  precisely  determined; 
if  not  actually  a  cell,  however,  there  can  be  little  doubt  that  it  is  a  cell-nu- 
cleus, and  that  it  is  the  lineal  descendant  of  the  immediate  product  of  the 
mutual  action  of  the  contents  of  the  **  sperm-cell"  and  **  germ-cell." 

529.  When  this  process  has  gone  on  to  such  an  extent  as  to  fill  the  ^tire 
yolk-bag  with  an  aggregation  of  minute  spherical  segments  of  yolk  (Hg. 
222,  e),  having  each  a  minute  cell  or  cell-nucleus  in  its  interior,  every  seg- 
ment becomes  invested  with  a  cell-membrane  of  its  own ;  so  that  the  result 
produced  is  in  effect  the  same,  as  in  the  case  in  which  the  descendants  of 
the  embryonic  vesicle  drew  the  yolk  into  their  own  cavity ;  for  the  yolk-big 
is  now  occupied  by  a  mulberry-like  mass  of  cells,  every  one  of  which  has  a 
share  of  the  "  germinal  capacity"  possessed  by  the  original  embryonic  reside; 
and  it  is  by  the  transformation  of  these  cells  that  the  embryonic  stmctnres 
are  subsequently  evolved. — In  a  considerable  number  of  the  higher  animals, 
liowever,  in  whose  ova  the  yolk  is  large  enough  to  carry  on  their  devdop- 
ment,  so  that  they  arrive  at  their  characteristic  forms  while  yet  within  the 
e^^,  this  segmentation  does  not  take  place  in  the  whole  yolk,  bnt  only  ii 
that  part  of  it  immediately  surrounding  the  embryonic  vesicle,  which  lies  ob 
the  surface,  instead  of  in  the  centre,  of  the  yolk.  This  may  be  well  observed 
in  Fishes  (Fig.  224,  a-e)  ;  and,  according  to  M.  Coste,  it  is  by  a  similar 
jirocess  that  the  ctcatricula  or  germ-spot  is  produced  at  the  sarface  of  the 
yolk-bag  of  Birds,  whence  all  subsequent  changes  emanate.  This  separatioa 
of  the  yolk  into  two  parts — ^that  which  cleaves,  and  that  which  does  not 
cleave — has  not  yet  been  observed  in  any  Invertebrata,  save  the  Cepha- 
lopoda. It  is  obvious  that  the  non-cleaving  portion  of  the  yolk  is  to  be 
regarded  as  a  superaddition  to  the  true  yolk,  which  is  employed  in  forming 
the  '*  mulberry  mass,"  being  destined  to  afford  the  materiid  for  the  ulterior 
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deyelopment  of  the  cells  of  which  this  is  composed ;  the  former  may  be 
distingaished  as  the  "  food-yolk,"  the  latter  as  the  '*  germ-yolk." 


Barlj  stages  in  the  development  of  the  Ovum  of  Coreyonut  pahut^  In  all  the  figures,  a  in- 
dleatet  the  shell -memhrane;  b,  the  vitellus;  e,  e,  oil-globuIes  in  the  vitellus;  /,  the  albumen; 
ff,  Titelline  membrane:  h,  situation  of  the  germinal  vesicle;  *,  germinal  mass: — A,  ovarian 
OTom,  with  a  slight  elevation  in  the  situation  of  the  germinal  vesicle ;  b,  ovum  two  days  after 
fteandation,  showing  the  germinal  elevation,  probably  produced  by  the  attraction  of  a  portion  of 
th*  jolk  around  the  embryonic  vesicle;  c,  ovum  rather  more  advanced,  showing  the  fbrrow  indi- 
cative of  the  first  cleavage ;  d,  later  stage,  a  second  cleavage  having  taken  place,  so  as  to  pro- 
dace  four  segments ;  e,  further  progress  of  the  segmentation;  f,  development  of  the  "mulberry 
*^  bj  continned  fission. 


530.  The  most  general  phenomena  of  Reproduction  having  been  thus 
described,  we  have  now  to  turn  our  attention  to  the  principal  specialities 
which  the  process  exhibits  in  the  several  groups  of  the  Animal  kingdom. — 
Of  the  history  of  reproduction  among  the  Protozoa,  our  knowledge  is  at 
present  very  limited.  The  propagation  of  the  greater  number  of  the  (so- 
called)  Polygastric  Infusoria  is  only  known  to  be  effected  by  the  process  of 
sabdivision,  or  JUnparous  multiplication  (Fig.  225),  which  is  analogous,  on 
the  one  hand,  to  that  which  we  have  seen  to  prevail  in  the  parallel  group 
of  Plants  (|  349),  and  on  the  other,  to  that  which  occurs  in  the  earliest 
stage  of  embryonic  development  in  the  highest  Animal  (§  528).  It  is  curi- 
ous to  observe  that  the  direction  of  this  division  is  not  constant  in  different 
iodividoals  of  the  same  species ;  this  being  sometimes  longitudinal  (a,  b,  c), 
sometimes  transverse  (d,  e,  f).  It  is  possible  that  there  may  be  here  some 
sach  alternation  as  we  commonly  see  in  the  direction  of  the  subdivision  of 
cells,  which  remain  connected  together  and  are  not  growing  in  one  direction 
only  (Pig.  165,  b).  The  multiplication  of  "zooids"  may  take  place  after 
this  method  with  such  extraordinary  rapidity,  that,  according  to  the  com- 
putation of  Prof.  Ehrenberg,  founded  upon  observations  made  on  Para- 
mcecium,  no  fewer  than  268  millions  of  these  Animalcules  might  be  produced 
in  a  month  from  a  single  one. — ^Besides  the  fissiparous  mode,  the  gemmi- 
parous  is  not  unfrequently  seen,  a  bud  being  put  forth,  which  gradually  in- 
creases in  size,  acquires  the  characters  of  its  stock,  and  at  last  becomes 
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detached;   tUis  is  especially  obuerrable  in  the  Vurtiediinm  (Fig*  SS€), 
which,  in  Ihdr  stationary  habits,  strongly  remind  us  of  Fobpcs,  wliiMi 

Fig,  225, 


1@^ 


FiutpAroui  multiplication  of  Vhilndon  tucuUMfm;  E^r^c,  mc^ssiri)  iUgei  «f  loBgitoliMl 
0£Aiati;  II,  I,  K,  Bucoessire  >tA£«a  of  Iran^v^i^ntd  ils^iun. 

gemml parous  tendency  is  so  remarkable, — Id  addition  to  these  niethodii,  it 
would  appear  that  certain  Infusoria,  especially  the  Kolpodin^,  pro{»agat« 
by  the  breaking  up  of  their  own  mass  into  reproductive  particles;  a  meUiod 
that  strongly  reminds  us  of  the  dispersion  of  the  zoospores  of  soeh  AJgie  ts 
the  Aehiya  prolijeta  (Fig,  1G4).  But  it  can  scarcely  be  doubted  that,  u 
X\m  method  of  mnltiplication  h  in  reality  only  an  extension  of  tb«  aaioe 
primordial  Ptockj  a  true  generative  act  mast  occasionally  br.  lesasry, 

in  order  to  reiJroduee  the  capacity  for  such  continued  j^nif  It  li 

not  an  unimportant  consideration  bearing  upon  this  subject,  Liiai  the*  ltp[ttft^ 
ance  of  Animalcules  in  fluids,  into  which  it  seems  certain  that  tht/ir  tferms 
must  have  been  conveyed  by  the  air,  indicates  that  they  mu8t  1:  r4 

there  in  some  different  coodition;  since  most  of  these  Auii:  ^rr 

themselves  killed  by  dcj^iecation,  although  the  more  highly  or^- 
fern  may  be  wafted  by  the  atmosphere,  and  <^~spersed  over  the  l  :  ^  t . 
in  a  perfectly  dry  state,  without  the  loss  of  their  ritality.  There  I5  cer- 
tainly much  still  to  he  learned  respecting  these  remarkable  beitifit;  mui 
nothing  hut  patient  observation  of  parlicnlar  species,  ejctending  oret  long 
periods  of  tinie^  will  unravel  the  mystery  which  at  present  hangs  orer  tketr 
nature  and  origin. — It  might  be  expected,  from  the  analogy  of  tlie  Fnrto- 
]>hyta,  that  a  process  resembling  **  conjugation"  would  now  and  then  ncesr 
in  ilie  Protozoa ;  and  such  a  i>rocess  has  been  remarked  by  Prof.  Kiifllte 
and  Dr.  Cohn  iu  Actintipkrifs.^  Two  AeHnophrys  approximate  ai»d  €0»- 
leasee,  so  as  to  form  what  appears  to  be  a  single  individual;  bat  the  andeai 
of  this  develops  itself  into  a  cell,  which  gradually  takes  on  the  cbtfttcUr 
of  it,?  psirent;  and  the  youtig  Actinophi^g  thu^  generateti  proimblf 
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the  body  whicb  incloses  it.     A  like  prfK-e^s  ha^  been  obi«rfidl 

n  to  take  plaee  in  Grc^aHna,  asinglcH-cHed  Eutozooa  InUU^ 

iiiirsjiual  canaJ  of  many  of  the  lower  animals;  fur  two  of  ibett 

:       <v  runjugation  into  one  spbere,  which  requires  a  ditftlivet  itt* 

,  a  great  part  of  their  contents  becomes  oonYertMl  ittU> 

f- ^/'  whilst  tlie  remainder  lique^ee ;  and  the  i«p<»rc% 

!  the  cjsti  Bemk  to  develop  theni^lves  tnlu  a 

It  wuuhl  be  premature^  however,  to  assert  that  satli  b  the  om^  will 

ies  of  Infttf»^ria;  and  it  afipean  to  ha?t  been  well  «^»- 

"^tetii'^  obsct^^^^'^^^^*  ^^^^'  ^  eertab  lastaiMTtt  at  }mA  Mt 

^  in  aiiiither  ^^^^  dissimilar  to  iU-ai  had,  tudeed,  Wcafb* 

vied  fr\>m  the  fact  of  the  ooca^onal  dittppeamiet  rf    ^"    *^ 

'  ••««lMiI(i  Mij  ^gm^**  ItU^ctjifl,-  ISfO  tod  l«l- 
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tribes  of  anbnakulca  from  mfusious  that  previously  s? warmed  with  tliem, 
and  from  their  rcplaceraQiit  hj  others  of  very  differeat  aspect,  Tho  Vorii- 
veU€£  (which  are  bell-shaped  Auimaleales,  attached  by  stalks  and  having  a 
friDge  of  cilia  disposed  around  a  disk.  Fig*  226),  are  seen  at  a  certain 
stage  of  their  existence  to  become  "ea- 
cyated;"  draTftinjr  iu  their  ciliated  disk, 
and  contract mg  their  bodies  into  a  ball; 
at  the  ssame  time  Becreting  around  them- 
selves a  gelatinous  mags,  which  stolidities 
into  a  firmer  elastic  covering.  This  pro- 
cess sometimes  takes  plaee  while  the 
Torticella  is  attached  to  its  stalk  (Fig. 
227,  A)  J  but  the  stalk  in  that  ease  sooo 
breaks ;  and  tnore  commonly  tho  cyst  is 
formed  around  the  animal  whilst  it  is 
freely  swimming  (b).  These  encysted 
ToriieelUe  may  undergo  two  sets  of 
changes  very  different  in  kind.  In  some, 
the  band-like  nucleus  (a,  b)  breaks  up 
iato  a  number  of  disciform  bodies  (c) ; 
and  these  grow  at  the  expense  of  one 
part  of  the  granule-substance  of  the 
original  animalcule,  whilst  the  other 
part  becomes  changed  into  the  clear 
t  .gelatinous  mass,  in  which  the  embryos 
Bmfter wards  swun.  The  orighml  Torti- 
r  eella-vciiicle  at  this  period  present e  a 
iacculatcd  asi>ect  (0),  and  many  hyaline 
spaces  are  seen,  which  sometimes  dis- 
!  appear  suddenly,  to  reappear  elsewhere. 
Finally,  the  cyst  ruptures,  and  the  gela- 
^tinous  mass  with  its  included  embryos  is  discharged  (e);  these  have  a 
^Bfmple  moaad-like  form,  and  so  closely  resemble  in  their  appearance  and 
P^DOTcments  the  smallest  and  youngest  Yorticellie  yet  observed^  that  it  can 
[  scarcely  be  doubted  that  they  are  directly  developed  into  the  form  of  tte 
'  body  from  which  they  were  given  forth.  In  other  instances,  however,  the 
encysted  Vorticelia  hecoraes  changed  into  an  Acinetu  (a  form  closely  re- 
sembling that  of  AeltHopkr^s  so!),  by  extending  itself,  sometimea  on  one 
side,  sometimes  on  ad  sides,  and  by  thrusting  oat  processes  of  its  wall  thus 
thinned  (f)  ;  whilst  its  baad-like  nucleus  becomes  entirely  metamorphosed 
into  a  free  bo€ly  of  ovate  form,  which  carries  at  its  more  pointed  end  a  cir- 
clet of  long  vibrating  cilia,  while  its  more  obtuse  end  la  perforated  by  a 
mouth  which  communicates  with  a  distinct  oral  cavity  (a).  In  the  interior 
of  this  oOsiiriiiLT  we  already  observe  a  long,  oval,  slightly  bent  nucleus,  and 
a  round  rliylbitiirully-contracted  clear  space  j  and  its  whole  aspect  is  that  of 
u  yonng  Yorticella-bnd  just  ready  to  quit  its  stock*  This  body  escapes 
from  the  interior  of  the  Acineta,  by  a  gap  formed  in  some  part  of  its  wall; 
which  soon  closes  again;  and  the  Acineta  then  goes  on  stretching  out  and 
retracting  its  radiating  filaments,  and  after  a  time  produces  in  its  interior 
a  new  nucleus  for  a  second  Torticella-bud,' — It  would  seem  most  probable, 

See  **Stebold  &ncl  Kolliker*R  Zcitsdirift/*  hiiiid  iii.^  Heft  4;  atid  the  tranalation  of 
of,  Stein^s  Memoir  in  ^*Atmals  of  Nni-  Hist.,"  2d  Sen,  voL  ijt.  p.  471.    Se«  alio  M. 
Jttlefl  Iftttm*^  OQ  Trkh^da  iynseustm  ^*Anii.  de&  Sci.  Kftt.,**  3*  S6t,  Zoo!.,  torn-  Ji%*  pi 
109,  et  te^^ 


Group  of  Voiiiittttn  nthuti/iern^,  th^ving 
A,  the  onlitiary  form,  B,the  Mmo  wiili  tha 
0tulk  contrnct^d,  c,  th&  saroo  with  tto  beU 
clofiGil,  D,  e*  r,  ffuccefljLf^d  atngcs  of  Umi' 
parous  mukipLlciition. 
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from  the  anoJogy  of  Actinophrtfi  (g  531),  that  the  latt<sr  of  these  proeeases 
is  consequeQt  npoQ  the  conjugation  of  two  itnltridualg,  and  is,  therefore, 

n  true  gciieratire  act ;  while 
Fig*  227,  the  former  seems  rather  to 

5  c  correspond  with  the  eTolu* 

tion  of  *' zoospores-*  lu  /*r^ 
tfiph^jta  (§  351),  or  with  that 
of  free  pemmffi  in  the  Cy^ftlc 
state  of  the  Ctstmd  Ent**zmi 
(§571).  In  their  eiicvRtwl 
Btete,  the  YortHelliiicB  ap- 
pear to  be  ca[»able  of  uiidtr- 
going  desiccation  withoat 
the  Joss  of  their  ntaJIt?; 
and  the  same  is  proliiiblf 
true  of  other  Animaleiilcju' 
532.  Although  o«r  know- 
ledge of  the  General  ire 
process  in  the  Pori/em 
(Sponges)  is  Tery  incom* 
plete,  yet  there  can  be  little 
doubt  that  it  is  con  forma* 
ble,  in  all  essential  p^rtim- 
lars,  to  the  ordinary  tjpc. 
Between  the  cortical  and  tlir 
eentr&]  snbstances  of  TVMjw, 
Mr.  Huxtey  has  deteetc<i 
ova,  with  their  cbaracteristjc 
vitellary  membmne,  yolk- 
Btihstance,  germinal  reside, 
and  germinal  epot ;  whilt 
the  granular  mass  in  nhtcb 
these  are  imbedded,  coa?ifets 
entirely  of  small  circaliir  celk 
abont  ]*3G00th  of  an  incli 
in  diameter,  and  of  S|iefllia- 
tozoa  in  every  Btage  0f  de- 
Telopment  from  tboae  edif. 
It  is  remarkable  that  tbe  Ofi 
are  here  in  no  w»y  tepft- 
rated  from  the  gpennttoxoi, 
but  lie  in  the  ftpermatic 
like  esro   i^aeked  in 
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B^Ychprntni  aatt  MalJiiucimboMi  of  Vortkella  micro- 
ttoma: — A,  talhgrown  individiiml  in  ita  eoejated  at&tej 
n,  rftraoted  oval  circlet  of  ciUti;  6,  QUclflUdi;  t*,  eoatno- 
tilo  ipaeo; — n^  a  eyat  Boparat^d  from  its  atalk;— c,,  tbt 
ttkma  more  ^iliiLntcd;  tbt^  nucleus  bruken  up  into«pore- 
like  fflobtiks;— D,  rhe  suuje  mare  duvtloped,  tbu  ongioal 
hodj  of  tbfl  Vorlicellr^  d,  baring  become  sacctilntcd.and 
eootAlnLDg  mnDj  olcar  ipatsof; — e,  (Mie  oftbe  aaecula- 
iiom  baring  burst  througb  thd  enirolopiDg  cjftt,  a  gela- 
|in<3us  mai»,  €,  conhiiulp^^  tha  upcurcfft  i*  disc  barged; — tt 
Iran Bformn  lion  of  encysted  Vortic^ltii  (n)  into  form  of 
Acintta;  b,  iiiiclflQi;-*o,  rtalkcd  Acmcuforro  of  Vorli* 
Oilia,  inoLaiing  a  youag  one,  tba  nt^ult  of  the  tranirnr- 
matlon  of  tbe  &a«lcuij— a,  young  free  VorticoUs;  a,  b,  c, 
na  In  Fig.  1;  $,  poflerior  etr«1et  of  cilia. 


mas^  liKe  e^gu  paeked 
eandJ — Two  classes  of  reprodoctive  bodies  have  been  ol>8erved  ui  Sponires; 
njimcly,  t/em mules,  and  Cftpsnks.  The  former  seem  like  detaehwl  portiutis 
of  the  gelatinons  flesh  lining  the  canals,  which,  being  furnteihed  with  inlb, 
Issue  forth  from  the  vents,  and  transport  themselves  to  distant  spoi!^  where 
they  may  lay  the  fonndation  of  new  sponges.  The  latter  are  bodies  at  a 
larger  size,  frequently  having  a  very  peculiar  investment  strengthc4i<*il  by 
isiliceous  particles,  and  containing  nameroui  globular  particles,  rvery  mie 

<  *•  Ann,  of  Xjit  Hlfte/'  2d  Ser.,  t6L  tiI.  p,  370.— Hftoh  ip^rmatetooa  im  itowrihid  \^ 
Mr.  ffn\toy  a»  Wmg  not  developed  vttbin  Its  Hperm^dlt  but  &i  Mng  its«lf  tll«  i^iffttf 
efiU«  iiiGtaai<»rpKo«K?4  by  tbo  proiruKion  eif  a  long  AUment  wbieh  b^otiiM  lli«  **lal^* 
ivbikl  tbe  ftmainder,  tomcwhat  clongnlod  nud  pointed,  formj  tlie  '^hcAd/^ 
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of  wlifeht  when  set  free  by  the  mptnrc  of  its  eavekip,  may  become  a  sepa- 
rate zooid.  It  seems  probable  tlmt  these  capstiles  are^  like  the  spore  cases 
of  Mosses,  tnie  generative  products ;  and  that  the  globular  bodies  then 
set  free,  raaj  represent  the  component  cells  of  the  "  mulberry  mass"  result- 
ing from  the  segmentation  of  the  yolk^  which ^  in  the&?e  Tery  simide  forma 
of  animal  existence,  may  separate  from  each  other^  and  may  develop  them- 
selves into  independent  **zooids/' just  as  the  spores  of  the  MosSj  which 
arc  the  immediate  descendants  of  its  primordial  cell,  develop  themselves 
into  separate  "  phytovds''  (§  491).  The  view  of  the  relation  between  the 
gemmnles  and  the  capsules,  which  regards  the  former  as  free  gemma?,  and 
the  latter  as  the  true  ova,  is  in  harmony  with  the  fact,  that  while  the  former 
are  produced  at  the  period  of  the  most  active  growth  of  the  sponge,  the  lat- 
ter are  developed  (like  the  ova  of  the  Hydra,  §  533)  towards  winter,  when 
the  nutritive  operations  are  failing,  and  when  in  many  cases  the  parent 

structure  is  about  to  die Of  the  history  of  the  developtneiU  of  sjionges, 

very  little  is  yet  known ;  but  as  it  appears,  from  the  observations  of  Mr. 
Carter,'  that  the  germinal  particles  set  free  from  the  capsules  of  Spongilla 
give  origin  directly  to  protean  cells^  resembling  those  of  which  the  great 
mass  of  their  tissue  is  composed,  it  may  he  surmised  that  the  process  is  of 
the  simplest  kind,  consisting  in  the  multiplication  of  these  protean  cells  by 
duplicative  subdivision,  aud  in  the  production  of  the  component  spicules  of 
the  skeleton  within  some  of  these;  the  aggregate  mass,  as  it  isthns  eTolved, 
taking  the  charactenstic  form  of  the  species, — Of  the  nature  of  the  Gene- 
rative process  in  the  allied  group  of  Rfdzopoda^  nothing  whatever  is  known. 
It  may  be  stated  with  certaiaty^  however,  that  these  composite  fabrics, 
which  constitute  the  interesting  group  of  Foramim'fera,  are  the  result  of 
mmation  from  a  single  stock,  each  chamber  of  their  polythalamous  cells 
iug  the  product  of  a  distinct  zooid.  The  successive  zooids  are  put  forth 
according  to  a  deilnite  pattern,  which  is  tolerably  constant  for  each  species  j 
and  their  mutual  independence  is  shown  by  the  continuance,  not  merely  of 
their  existence,  but  of  their  power  of  increase,  after  their  detachment  from 
each  other, 

633.  In  the  class  of  Pol^p(fera,  the  true  Generative  operation  is  aniver- 
aally  performed ;  notwithstanding  that  the  multiplication  of  independent 
2oolds  is  still  eiTected  to  a  great  extent  by  the  process  of  gemmation.  The 
ff^dra  presents  us  with  almost  the  slaiplest  possible  condition  of  their 
sexual  apparatus,  no  special  organs  being  developed  for  the  evolution  of 
"ther  the  sperm-cells  or  the  ova,  which  are  formed  in  the  substance  of  the 
"1  of  the  stomach;*  but  they  arc  not  evolved  iudlscriminatdy  in  every 
rt^  tlie  former  beiug  always  found  just  beneath  the  arms,  and  the  latter 
Dearer  to  the  foot.  Although  both  sets  of  generative  organs  may  be  de- 
veloped in  a  single  Hydra^  yet  it  is  not  uncommon  for  one  to  bear  sperm- 
cells  only,  and  for  another  to  produce  only  ova.  Whether  the  Hydrte  be 
monoecious  or  dioecious,  however,  it  is  probable  that  the  fertilization  of 
their  ova  is  accomplished  by  the  diffusion  of  the  spermatozoa  throngh  the 
water^  rather  than  by  any  more  direct  application.  The  development  of  the 
ovum  has  not  yet  been  studied;  but  there  can  be  little  doubt  that  the  em- 

I  Op,  ciL,  Yol.  IT.  p,  89. 

>  According  to  M.  Rouge t  (*<Cozapt«9  Bettdm  de  U  Socidt^  de  Blologie,**  1851^  p. 
141)^  Uie  ovn  ofiginate  io  nn  "OTular  nmaa"  reaulttng  from  an  iacreased  dufelopineiit 
of  the  o^Us  betweeti  tho  inner  and  outer  lay  era  of  the  polype.  Tbie  musa  mnj  be 
eOiisideFcd  aa  representiDj^  an  uvbac ;  and  the  greater  part  of  its  cells  disappear  by 
difla«!ti<?e,  LaTiiig  apparently  ckbornled  the  uiitrient  materjal  which  is  appropriated 
hj  the  ovum. 
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bryo  is  at  once  evolved  into  the  likeness  of  its  parent,  since  the  collections 
of  fresh  water  inhabited  by  the  Hydra  do  not  contain  any  organism  that 
could  be  regarded  as  an  intermediate  form.  It  seems  probable,  therefore, 
from  the  analogy  of  other  cases  (§  538),  that  when  the  yolk-bag  has  been 
filled  by  the  mulberry  mass,  the  cells  of  the  interior  liquefy,  so  as  to  leave 
a  cavity  which  becomes  the  stomach,  whilst  the  cells  of  the  exterior  remain 
to  form  the  walls  of  that  cavity,  and  absorb  its  contents ;  that  a  thinning 
away  takes  place  in  a  certain  spot  of  this  wall,  so  as  to  form  the  mouth,  as 
happens,  in  fact,  during  the  development  of  the  gemmsB  which  bud  off  from 
the  body  of  the  adult  Hydra  (Fig.  228) ; — and  that,  as  in  those  gemms, 
the  tentacula  are  gradually  developed  around  the  mouth,  making  their  first 
appearance  as  little  knobs,  and  then  progressively  elongating  themselves 
until  they  have  attained  their  normal  dimensions.'  Although  a  multiplica- 
tion of  independent  *'  zooids''  takes  place  in  this  simple  Zoophyte  to  an 
unlimited  extent,  these  are  all  but  repetitions  of  the  original  form;  and 
every  one  of  them  may  in  its  turn  develop  a  sexual  apparatus,  withont 
the  intervention  of  that  intervening  form,  which,  under  some  aspect  or 
other,  seems  to  be  presented  by  all  the  other  Hydroid  Zoophytes  (§§  538, 
540). 

534.  The  origination  of  a  new  ''generation"  by  the  fertilization  of  an 
ovum,  is,  however,  a  rare  phenomenon  in  the  Hydra,  in  comparison  with 
the  multiplication  of  the  existing  generation  by  the  process  of  (Gemmation. 
The  gemmiB  which  are  to  become  independent ''  zooids,"  at  first  appear  a^ 
knob-like  i>rotuberances  from  the  body  of  the  original  "  stock;"  they  gra- 
dually increase  in  size,    and  come  to 
present  something  of  its  own  form ;  an 
aperture  is  then  seen  at  the  free  extre- 
mity, and  around  this  tentacala  b^ 
to  sprout.     During  this   period,  the 
cavity  of  the  bud  communicates  with 
that  of  the  stock,  and  the  former  is  of 
course  at  first  supplied  with  nutrimeDt 
entirely  by  the  latter ;  and  even  after 
the  tentacula  of  the  bud  are  sufficiently 
developed  to  enable  it  to  obtain  food 
for  itself,  the  communication   remains 
open  for  a  time,  as  appears  from  the 
fact  that  either  of  the  stomachs  is  dis- 
tended when  the  other  is  fed.    As  the 
bud   advances    towards    completeness, 
however,  the  aperture  contracts,  and  is 
at  last  obliterated ;  the  stalk  itself,  bf 
which  it  is  attached,  gradually  beeomei 
more  slender,  and  is  at  last  broken  by 
any  slight  effort  on  the  part  of  either 
the  Hydra  or  the  gemma ;  and  the  lat- 
ter, thus  set  free,   henceforth  leads  a 
life  of  entire  independence.    Not  unfre- 
quently,   however,   if  the   weather  be 
warm,  and  the  supply  of  food  be  plen- 
tiful, the  gemma  itself  begins  to  putforth 


Fig.  228. 


Jt^r' 


Hydra /luca  in  gommntion ;  a,  mouth; 
b,  base ;  c,  origin  of  ono  of  the  buds. 


'  A  particular  description  and  figures  of  the  sexual  process  in  the  Hjdra,  are  gi^cB 
by  Dr.  Allen  Thomson  in  the  "Edinb.  New  Phil.  Journal"  for  April,  1847. 
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secoudarj  gremmsG  before  its  BepaTation  from  the  stock :  and  thus  a  composite 
structure  may  be  evolved,  such  as  that  represented  ia  Fig.  228,  in  which 
there  are  tea  priumrj  buds  in  various  phases  of  development,  issuing  from  the 
central  stock,  and  fiine  secoodary  buds  proceeding  from  these,— This  pro- 
cess of  Gemmatiou  seems  to  continue  almost  iudefiuitely,  under  the  infiucace 
of  warmth  and  food ;  atid  the  determining  condition  of  the  occurrence  of 
the  true  Gcnemtire  operation  h  a  diminutiou  of  temperature,  which,  threat- 
ening destruction  to  the  parent,  calls  forth  the  exercise  of  the  special  pro- 
vision for  the  perpetuation  of  the  race.  In  this  we  trace  a  marked  con- 
formity to  the  plaUp  of  which  wc  see  very  striking;  manifestations  in  the 
Vegetable  kingdom;  thus,  it  is  observable  of  the  fruit  trees  of  temperate 
climates,  that,  under  the  habitual  influence  of  a  hig!i  temperature,  and  when 
eopiousty  supplied  with  aliment,  they  w^iU  extend  themselves  by  the  forma- 
tion of  leaf-buds  and  branches^  aad  will  bear  few  flowers,  or  even  none ; 
whilst,  on  the  other  hand,  if  the  temperature  be  lowered,  or  a  part  of  their 
supply  of  aliment  be  cut  off,  the  extension  of  the  individual  fabric  will  be 
checked,  but  it  will  bear  a  much  larger  quantity  of  flowers  and  fruit.  (See 
also  §  580), 


535,  A  more  specialized  form  of 
the  Generative  apparatus  ig  mm  in 
the  J/eiiantJimd  and  Asteroid  Zoo* 
phytes;  in  which  the  s]*ermat03&oa 
and  ova  arc  developed  in  s]>eeia1 
organs  that  occupy  the  chambers 
I  surrounding  the  digestive  cavity. 
There  is,  however,  no  extcmal  dis- 
tinctioa  between  the  testes  hi  which 
the  sperm-cells  are  evolved,  aad  the 
ovaries  which  contain  ova ;  and  it 
is  only  by  microscopic  examination 
of  their  contents,  that  the  real  na- 
ture of  these  generative  orgajis 
(which  do  not  exist  together  in  the 
same  individual!?)  can  be  deter- 
mined.* In  the  Actinia  coriacea 
(Fig-  229,  e),  they  are  about  two 
hundred  in  number,  and  form  elon- 
gated masses  attached  along  the 
iivner  border  of  the  leaflets  or  ver- 
tical partitions  ('?),  that  radiate  in- 
wards from  the  outer  integument 
(Fig;  35).  Each  testis  or  ovary 
is  composed  of  several  horiaiontal 
folds  or  plaits,  which,  when  un- 
folded, show  this  body  to  be  about 
three  times  the  length  it  assumes 
when  attached  to  the  leaflet;  and 
each  plait  is  made  up  of  two  layers 
of  membrane,  between  which  the 
ova  are  developed*  Where  the 
fipenn-cells  or  ova  do  not  interrene, 


Fig,  229, 
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Interiof  of  one  af  tbo  ovioinl  c1iamb«n  of 
Aictinm  contfieco,  jhottirg  the  Oeuemtiive  Jippa- 
ratuB.*— «,  lip  J  6,  h«rdet  of  moatU;  <"^  wall  of 
ilomoch ;  df  muscular  partUioD  \  r,  tee  ten  or 
OTurj;/,  mesenlmc  nciDbmno  connecling  it  to 
\h^  tnusculflr  pAnition  *  tj^  vermiform  fUnm&Bt 
contaiiiiog  (lliferous  capauU'B ;  A,  momhraDC  con- 
necting tC  to  tbo  oyftfj  J  t|  doot  pasitng  lowardi 
tbti^  itomacb. 


I  It  has  been  supposed  by  many  anatomists  (tbe  itlcn  haTingbecn  specUUj  advocated 
by  Prof.  WagDerJ  ihin  the  **  Tcnniforni  filam^ntfi/^  so  abundimt  in  the  otuHati  cbamberSr 
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however,  these  two  layers  come  into  apposition,  and  form  in  the  first  place 
a  kind  of  mesentery  (/)  by  which  the  organs  are  attached  to  the  leaflet; 
but  they  then  separate,  passing  one  on  each  side  of  the  leaflet,  so  as  to  line 
the  intervening  spaces,  and  become  continuous  with  the  membrane  lining 
the  tentacula  and  digestive  cavity,  and  through  this  with  the  external  in- 
vestment. Hence,  notwithstanding  the  size  and  importance  of  the  testes 
and  ovaria,  their  structure  is  the  simplest  possible.' — The  ova,  set  free  by 
the  thinning  away  of  the  membrane  which  covers  them,  then  lie  freely  in 
the  ovarial  chambers ;  and  as  they  are  usually  retained  in  these  cavities 
until  they  have  passed  through  their  early  stages  of  development  (thougli 
the  grade  which  they  have  attained  at  the  time  of  their  discharge  does  not 
seem  to  be  constantly  the  same),  it  is  certain  that  they  must  there  receive 
the  fertilizing  influence  of  the  spermatozoa,  which,  escaping  from  the  testes 
of  the  males,  would  be  diffused  through  the  surrounding  water. — ^As  far  as 
the  history  of  the  embryonic  development  of  the  Helianthoid  Polypes  is 
yet  known,  it  seems  to  be  essentially  as  follows.  The  mulberry  mass,  emerg- 
ing from  the  egg-covering,  acquires  cilia  upon  its  surface,  by  whose  action 
it  can  be  propelled  through  the  water ;  it  is  known  in  this  condition  by  the 
name  of  '^gemmule;"  and  in  this  phase  of  their  development,  the  embijos 
are  frequently  found  in  the  interior  of  the  tentacula.  The  cavity  of  the 
stomach  and  the  mouth  are  formed  by  the  process  described  in  a  preceding 
paragraph  (§  533) ;  and  the  tentacula  originate  after  the  same  fa^on,  a 
single  row  only  being  first  produced,  and  new  rows  subsequently  springing 
up.  The  wall  of  the  stomach  is  seen  to  consist  of  a  doable  membrane,  d 
which  the  two  layers  are  at  first  in  contact;  but  a  separation  takes  place 
between  them,  so  that  the  inner,  which  forms  the  coat  of  the  stomach,  no 
longer  remains  connected  with  the  outer,  which  constitutes  the  external  in- 
tegument, except  by  the  vertical  leaflets  that  divide  the  intervening  spaces. 
The  embryos  at  last  find  their  way  into  the  stomach,  by  the  orifice  of  com- 
munication between  its  cavity  and  the  surrounding  ovarial  chambers;  and 
they  are  discharged  from  the  mouth,  sometimes  in  considerable  numbers  at 
once.  There  seems  reason  to  think  that  in  the  earlier  phase  of  their  deve- 
lopment, they  sometimes  escape  from  the  pores  at  the  extremity  of  the  ten- 
tacula.° — The  mode  in  which  the  generative  function  is  performed  in  the 
Asteroid  Polypes,  is  the  same  in  all  essential  particulars  as  that  just  de- 
scribed. 

536.  The  process  of  extension  by  Gemmation  is  carried  on  to  an  ahnost 
indefinite  amount  in  the  composite  forms  of  these  Zoophytes,  the  zooids 
usually  remaining  in  more  or  less  intimate  connection  with  each  other,  as 
already  explained  (§§  38,  152).  It  is  seldom  that  the  gemmae  spontaneoosJr 
detach  themselves,  though  they  will  maintain  an  independent  existence  if 
artificially  separated ;  in  the  Actinia  laceraia,  however,  according  to  Sir  J. 

are  the  testes  of  these  animals.  But  it  is  now  saUsfao^orily  proved  that  the  bodies 
which  were  regarded  as  spermatozoa  by  Wagner,  are  really  the  same  peculiar  "  thittdi*' 
or  "  darts"  as  are  found  in  the  "filiferous"  capsules  of  the  skin  of  the  Actinis.  {See, 
for  a  detailed  account  of  these  curious  bodies,  M.  Gosse's  **  Rambles  of  a  Naturaliit)'* 
pp.  432,  433.)  That  the  organs  previously  designated  ovaria,  are  really  testes  intbott 
half  of  any  number  of  Actiniso,  was  first  shown  by  KClliker  (**  Beitrage  sur  KenntniM 
der  Geschlcchtsverh'altnisse  und  der  Samenflussigkeit  dcr  Wirbelloaen  Thiere,''  1841) 
and  Erdl  ("Muller's  Archiv.,"  1841-2).  An  excellent  account  of  the  whole  Anato^X 
of  the  Actinia  is  given  by  M.  Hollard  in  «*  Ann.  des  Sci.  Nat.,"  8»  S^r.,  ZooL,  Um>  xr. 

»  See  the  "Anatomy  of  Actinia  Coriacea,"  by  Mr.  T.  P.  Teale,  in  the  «« TransidiflW 
of  the  Leeds  Philosophical  and  Literary  Society,"  vol.  i.  part  i. 

2  On  this  subject,  see  especially  Sir  J.  G.  Dalyell's  "Rare  and  Remarkable  Aiaaii^ 
of  Scotland,"  vol.  ii.  chap.  x. 
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G.  Dal  yell  (op.  a/.,  p.  229),  this  seems  to  be  the  regular  mode  of  mullipli- 
catioti,  the  base  of  attachment  spreading  out,  and  detaching  Utile  fragments 
of  which  every  one  may  develop  itself  into  a  new  Actinia.  In  the  branching 
Corals,  the  multiplication  of  zooids  is  commonly  effected  by  the  duplicative 
aubdivisioa  of  the  entire  body  of  the  polyi>e  \  and  this  subdivision  is  occa- 
sionally, though  rarely^  seen  in  the  solitary  Actinia  (op.  ciL,  p.  221),  No 
itistunce  ii  known  among  these  orders,  in  which  the  gemma  develops  itself 
into  a  form  different  fi'om  that  of  the  stock  which  put  it  forth  j  nor  does  the 
embryo  cTerseem  to  assume  any  other  type  thau  that  of  its  parent;  but^ 
whether  produced  by  genamation,  or  by  the  true  generative  operation,  the 
new  Polypes  appear  to  have  the  same  structure  and  endowments, 

537,  A  Ter)' different  succession  of  phenoraena  is  presented,  however,  by 
Compound  Hydroida  (§  151),  These,  looking  only  to  their  Nutritive  ap- 
paratus, may  be  considered  as  not  differing  in  any  essential  particular  from 
a  Hydra-stock,  which  has  p>ut  forth  a  set  of  primary  and  secondary  gemmfc 
that  have  not  yet  separated  from  it  (Fig.  228 J.  But  their  Generation  is 
carried  on  upon  a  type  altogether  dissimilar ;  and  the  curious  discoveries 
which  have  been  made  of  late  years,  in  regard  to  the  mode  in  which  it  is 
accomplished,  reveal  a  connection  previously  altogether  unsuspected,  be* 
tween  this  grouj)  and  that  of  AcaUphm. — It  will  be  desirable^  in  the  first 
place,  to  consider  the  relation  which  the  polypes  of  one  of  these  composite 
structures  bear  to  each  other  and  to  the  common  stock.  It  will  be  recol- 
lected thiit  the  stem  and  branches  consist  of  a  tubular  ramification,  which  is 
ia  continuity  with  the  lining  membrane  of  the  stomachs  of  the  polypes, 
whilst  the  ertenial  horny  integument  is  continuous  with  tlic  bell-like  polype- 
cell  (Fig.  99),  Now  it  is  not  here  the  polype  alone,  nor  the  collection  of 
polypes,  which  constitutes  the  Zoophyte ;  for  all  the  polypes  may  drop  off, 
like  the  leaves  of  a  tree,  and  the  polypidom  may  yet  retain  its  vitality,  and 
may  pnt  forth  new  polypes.  Moreover,  the  new  polypes  formed  by  gemma- 
tion are  not  evolved  from  the  pre-existing  polypes,  but  from  some  part  of 
the  stem  or  branches.  The  cxterual  horny  coat  softens  at  a  certain  spat, 
and  the  internal  membrane  protrudes,  pushing  (as  it  were)  the  honiy  integu- 
ment before  it  (Fig.  230,  a)  ;  this  protrusion  increases  (b,  c),  and  soon  comes 

Fig,  2ao, 


A  B  c  n  E  F  o 

ProgreFBiTO  elngcf  of  the  doyeloptnoiat  of  the  poly|^e-Uad  of  Campunularia  gitutviuKi* 


present  the  form  of  a  polype-ccli  (t>),  the  mouth  of  which,  however,  Is 
ill  closed.  After  a  time,  the  homy  integument  thins  away,  and  at  last 
pens  at  the  projecting  extremity,  so  that  the  cell  assumes  its  bclMike  as- 
ect  (b)  ;  but  the  internal  membrane  does  not,  as  yet,  undergo  the  same 
roceiis,  80  that  no  polype-mouth  is  formed.  This  operatiDn,  however,  is 
Bfeeted  ia  the  next  stage  (f)  \  and^  soon  afterwards,  the  tentacula  are  seeo 
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as  little  wart-like  processes  around  the  orifice  (o).  Up  to  the  time  when 
the  mouth  is  formed,  a  double  current  is  seen  in  the  stalk  of  the  bud ;  the 
particles  ascending  into  it  from  the  stem,  passing  round  its  dilated  interior, 
and  then  descending  in  its  stalk.  The  whole  history  of  this  development, 
and  the  connection  of  the  polypes  with  the  nutritive  functions  alone,  show 
that  they  must  be  considered  as  standing  in  the  same  relation  to  the  stock 
as  the  leaves  of  a  tree  to  its  stem  and  branches;  the  lining  membrane  of  the 
polypidom,  like  the  cambium-layer  of  the  tree,  being  the  part  in  which  the 
developmental  capacity  chiefly  exists.  The  extension  of  the  original  stock, 
after  this  fashion,  may  go  on  in  some  species  almost  indefinitely,  the  polype- 
buds,  as  they  are  formed,  remaining  in  continuity  with  the  structure  of  which 
they  are  ofiFsets ;  but  there  are  some  zoophytes  of  this  tribe,  which  are  Ies3 
disposed  to  ramification,  and  which,  like  the  Hydra,  form  detached  gemmae, 
that  henceforth  live  independently,  and  develop  themselves  into  new  organ- 
isms, similar  to  that  from  which  they  were  budded  ofiF. 

538.  In  these  provisions  for  the  extension  of  the  original  fabric,  or  for 
the  production  of  new  and  independent  fabrics,  of  the  same  kind,  we  have 
nothing  that  can  be  said  to  represent  the  true  Generative  process.     For  its 
performance,  however,  a  peculiar  set  of  buds  is  developed  from  the  Zoo- 
phytic  structure,  which  present  a  more  or  less  close  correspondence  to  Me- 
duste;  these  buds,  which  sometimes  remain  in  connection  with  the  stock, 
but  are  frequently  detached  and  swim  freely,  develop  within  themselves  either 
ova  or  spermatozoa ;  and  by  the  fecundation  of  the  former  by  the  latter,  a 
new  generation  of  embryos  is  originated,  which  are  developed  into  the  polvpc 
form,  and  ultimately  produce  Medusa-buds  in  their  turn One  of  the  sim- 
plest and  best  examples  of  this  process,  that  serves  to  connect  the  H^dra 
(in  wliicli  no  special  organ  for  the  evolution  either  of  sperm-cells  or  of  germ- 
cells  is  present)  with  the  ordinary  Tuhularian  and  Sertitlarian  Zoophvtes 
(in  which  free  Medusae  are  budded  oflf),  is  that  of  Cordylophora^  the  history 
of  whose  generative  process  has  recently  been  admirably  elucidated  by  Prof. 
Allman.*     This  Zoophyte,  in  the  later  summer  and  autumn  months,  evolves 
a  set  of  ovoid  capsules;  which  at  first  present  themselves  (Fig.  231,  a)  as 
simple  i^rotrusions  of  the  branches  on  which  they  grow,  each  containing  a 
diverticular  prolongation  of  the  soft  interior  substance  of  the  stem ;  but 
which,  when  more  fully  evolved  (b),  is  seen  to  contain  a  sac  filled  with  cells, 
over  which  is  distributed  a  network  of  passages,  that  branches  off  from  the 
diverticulum  at  its  base.     Some  of  these  capsules  are  filled  with  a  turbid 
fluid,  which,  when  forced  out  by  pressure,  is  seen  to  contain  spermatoroa 
(c,  L,  m)  ;  whilst  others  exhibit  ova  in  their  interior  (d),  which  speedily  nn- 
dergo  the  process  of  segmentation.     Whilst  this  is  proceeding  to  the  for- 
mation of  a  "  mulberry  mass,"  the  cellular  sac  with  its  system  of  ramified 
tubes  disappears ;  and  the  cluster  of  ova  (numbering  from  two  or  three  to 
eight  or  ten)  is  seen  lying  upon  the  diverticulum  (e).     The  ova  then  begii 
to  elongate  themselves  and  lose  their  mulberry-like  aspect,  becoming  smooth, 
and  presenting  a  transparent  margin  (f)  ;  they  soon  commence  movmg  i" 
the  interior  of  the  capsule ;  and  by  the  rupture  of  its  summit  they  escape 
into  the  surrounding  water,  through  which  they  swim  in  the  form  of  inftisoiy 
animalcules  with  short  cilia  (g).     At  this  period,  the  embryo  (h)  consists 
of  an  outer  and  an  inner  layer  of  cells,  with  a  hollow  interior;  after  sow 
little  time  the  cilia  disappear,  one  extremity  becomes  expanded  into  a  kind  of 
disk  by  which  it  attaches  itself  to  some  fixed  object ;  and  the  mouth  begins  to 
be  formed  (i).     The  embryo  soon  increases  in  length  and  thickness;  tenta- 

»  "Philosophical  Transactions,"  1853,  p.  8G7. 
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cuia  (n^ftlly  four  in  namber)  begin  to  slioot  forth  around  the  mouth ;  and 
other  changes  take  place,  which  approximate  it  to  the  single  polypes  of  the 
parent  stock  (k).  The  stem  elongates,  stolons  are  gent  forth  from  its  base, 
from  whicli  new  stems  spring  up  j  aad  by  the  formation  of  lateral  gemmae 
from  the  original  stock  and  secondary  stems,  the  characteristic  fabric  of  this 
Zoophyte  is  progressirely  evolved. — It  is  justly  remarked  by  Prof.  Allman 

Fig.  231. 
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G«ncr&tion  and  DeTelopintot  of  Cord^lophora  lacuttrit  :—At  ovigorou*  capaulo  m  early 
iiagv;  i»,  the  iamo  tn  more  advanced  «titg9,  iiho wing  GtilJulnriafQ  jlhiI  rftmiBedennnli^  c,  »emi- 
nlfumui  tf»p5Dle,emittttig  ipitrm&Uc  fluid  ;  P,  ovigeroui  CJipfuIi}  containing  ora;  je,  the  tAme, 
with  tbc  ova  in  the  luulbpnrj  condition,  th«  mmificd  eanaU  haTing  dt«sppeiired ;  r,  n  c^psiiU- 
■tin  furtluT  Advanced,  tba  avuolongnted  and  smoothjAnd  the  diYei-tisnlum  nearly  withdraw n  i  o, 
the  cftptule  nipttireci,  and  the  embryos  eecaping  in  the  condition  of  freo  cUiated  Iiifti3oH&;  u, 
embrj'ftjuft  (ifter  its  eecn|>o,  more  bigbly  magnified,  prQienlinj^  an  internal  closed  envitjfp  Bor- 
rottodeil  hj  lw[>  Iftj-^n  of  ccliulivr  mcmbrflne;  i»  embryo  after  the  loss  of  Its  cilij)>  pyriform^  and 
ftltA^hed  by  one  eitreraity;  K,  embryo,  now  nssuming  ibe  jiolypo  farm,  tli€  tentnoula  beginning 
to  hud  Turtb,  nnd  the  ilem  being  aurroanded  by  a  deliente  polypnry ;  L,  caudate  cdli  Ubcrnted 
from  leminiferons  capiule;  v,  ipermatoioB  tfJoap«d  from,  lb  em. 

thsX  if  wc  compare  these  capsules  with  the  true  Medusa-buds  of  other  Hy- 
droid  Zoophytes,  we  see  that  they  are  only  a  less  deTeloped  form  of  the 
same  lyj>ej  the  organised  cellular  sac  being  homologous  with  the  disk 
of  A  Medusa,  and  the  central  fleshy  column  representing  the  peduncle  or 
proboscidiform  stomach,  while  the  system  of  branched  tubes  answers  to  the 
gastro- vascular  canals.     Since  neither  the  male  nor  the  female  capsule  can 
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be  observed  to  open  previously  to  the  segmentation  of  the  ova,  the  act  of 
fecundation  would  seem  to  be  effected  by  the  passage  of  the  spermatozoa 
through  the  cavity  of  the  stem  and  branches. 

539.  In  other  Zoophytes  of  the  families  TuhvlaridcR  and  Corynidm,  the 
capsules  have  more  of  the  Medusan  character ;  and  they  detach  themselves 
from  the  stock  from  which  they  are  budded  off,  before  either  spermatoz<» 
or  ova  can  be  detected  in  them.  Such  is  the  case,  for  example,  with  Peri- 
gonimus  muscoides,  as  described  by  Sars.*  The  Medusa-buds,  in  the  first 
instance,  are  merely,  like  the  polype-buds,  little  protuberances  (Fig.  232, 
B,  hh)  developed  from  the  soft  tissue  of  the  interior,  and  attached  by  a 

Fig.  232. 
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Development  of  Medusn-bnds  from  Perigonimua  tniucoid^a : — A,  part  of  a  poljpe-item  of  its 
natural  size ; — b,  portion  of  the  same  enlarged,  showing  a,  a  polype  with  its  tentacala  expaoM 
he  deft  other  polypes  in  various  states  of  contraction,  ggt  medusa-buds  showing  the  four  nuclei, 
h  hj  medusa-buds  less  advanced; — c,  medusa-buds  more  advanced  and  detached,  showiogOytlM 
stomach,  6,  the  four  radiating  canals,  del,  the  marginal  cirrhi. 

footstalk ;  they  soon,  however,  present  a  quadrangular  form,  and  four  spots 
are  seen,  which  are  the  nuclei  or  centres  of  growth  whence  the  mar^wJ 
cirrhi  are  afterwards  to  be  developed  (</,</).  After  a  further  interval,  an 
aperture  forms  itself  at  the  most  projecting  part  of  the  bud,  which  thence- 
forth has  somewhat  the  form  of  a  bell  (c) ;  and  the  stomach  (a),  is  seen  it 
its  deepest  portion,  with  four  radiating  canals  (6,  h)  proceeding  to  its  naff- 
ginal  cirrhi.  As  these  buds  approach  their  maturity,  they  exhibit  inde 
pendent  movements,  and  at  last  become  detached  and  swim  away  fredr, 
being  propelled,  like  the  ordinary  Medusae,  by  the  rhythmical  contracti(M» 
of  the  disk.  Their  further  development  proceeds,  therefore,  altogether  in- 
dependently of  the  organism  by  which  they  were  evolved ;  they  capture 
and  digest  their  own  food,  and  thus  nourished  they  increase  in  size  and 
probably  undergo  some  changes  in  form ;  and  true  generative  organs  being 
subsequently  developed  in  them,  fertile  ova  are  formed,  as  in  the  ordinaiT 
Medusffi,  which  will  doubtless  be  developed,  in  their  turn,  into  the  ZoophT- 
tic  structure,  whence  similar  medusa-buds  will  in  due  time  be  put  foim— 
In  certain  forms  of  both  these  families,  both  attached  and  free  generatiw 
buds  are  developed,  the  former  strongly  resembling  the  ovigerous  capsules 

>  "Fauna  littoralis  Norvegicc,"  p.  8. 
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of  Cordylophora,  w!iilst  the  latter  correspoTtd  witli  the  njerlusa-lmdi^  of 
Perig:ommas ;  but  no  diflerenee  can  he  traced  In  their  respectlTe  producta;* 
540.  In  the  Campa nuhritlfB  und  Sertularidm,  similar  bnds  arc  developed 
within  the  capsules  which  have  been  nsually  tcnned  ''oTamn"  nr  **ovigc- 
rous"  (Fi^.  i>U,  e);  which  capsules  have  been  shown  by  Prof*  E.  Forbes^ 
to  l>e  in  reality  metamorphosed  hmnchei!.  These  medn^m-bnds  spring  not 
from  ova,  but  from  a  detiidied  portion  of  the  medulhm^  substance ;'  and 
they  are  |»:radnally  developed,  even  while  yet  contained  within  the  capsule, 
into  the  MedtL^an  type  (Fig,  233),     Here,  too,  the  margina!  eirrbi  are  seen 


Fig.  233. 
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I  Mc^^Jusifurm  gemanc  oT  Can'i/saNuiana  ^zlath\Qhn  in  diSbrent  etages  of  dertlopment: — a,  & 

^DiDiiia  not  ;&(.  escspod  fram  tb^  ovariaD  cnpsule,  showing  f(,  thti  atonmi'li  in  prngrees  &f  formii^ 
tton;  &fr,  dongnled  eells,  the  rudlmcnta  of  tha  cirrhl;  c  e,  cje^c«Ui  (?); — M^  a  j^r*Diina  §anie^ 
wbAl  moFB  sdraDfled,  i^huwiJig  ce^tb^  eyo-cenn  (?};— c,  u  tuediisirorm  geamm  freply  iwitutning 
through  the  wat«r  ftfter  iti  «»CApef  q,  the  body;  b^  mouth;  c,  dbk;  d^  clirhL 

to  Spring  from  the  nuclei  of  elongated  cells  that  form  the  margin  of  the 
pfltoitive  disk  (a,  6) ;  end  the  central  stomach  (a)  oecupiea  the  place  which 
was  at  first  filled  i>y  the  projection  of  the  medunai7  substance  As  the 
time  approaches  for  the  opening  of  the  capsule,  the  cirrhi  undergo  clong^a- 
tion ,  and  the  four  canals  proceeding  from  the  central  stomach  to  the  margin 
(a  disposition  of  parts  especiiUly  characterlstie  of  the  Medusa?)  are  now 
seen  (b).  The  buds  then  become  detached  from  their  footstalks,  and  begin 
to  exhibit  active  movements  in  the  interior  of  their  capsules;  and  at  last  an 
opening  is  formed  in  the  latter,  either  by  the  dehiscence  of  a  lid,  or  by  the 
tbiuning  away  and  rupture  of  the  most  prominent  portion,  through  which 
the  young  Medusas  swim  forth,  and  disperse  themselves  actively  through  the 
water,  their  nmrginnl  cin'hi  being  now  developed,  and  the  ijfoboseis  and 
stomac^h  being  adapted  for  the  reception  and  digestion  of  food  (c).  Here, 
«s  in  the  preceding  case,  a  deficiency  must  be  confessed,  as  to  our  know- 
ledge of  the  subsequent  stages  from  actual  observation ;  but  as  this  know- 
ledge hat  hten  completely  attained  in  a  cassc  which  seems  in  all  essential 
respects  pamllel  (to  be  described  in  the  next  paragraph),  there  can  be  little 
doubt  that,  as  in  the  preceding  case,  the  medusa-bud  eTolves  itself  into  the 

See  Prof.  Van  Beneden's  admirable  **Rechei^hes  sur  rEmbryog^nle  des  Tuhu- 
res/'  BruicHca,  184 4. — Thero  cim  scaroely  now  be  ft  doubt  that  in  this  InsiaDc?^  as 
In  the  ncit,  this  exccUent  obBurver  was  mbtaken  in  his  idea  that  the  Medusoid  buds 
wo  will  thenj^kes  return  to  the  con  d  iti  tin  of  polypoid  items. 

*  *rAfina1«  of  Nutural  Hustory/*  1st  SeT.,  voL  liv* 

*  AtUiough  Ibey  arc  described  by  Van  Beneden  na  developed  from  ota,  yet  it  \k 
^e&r  from  his  ot^q  nccoont  that  such  le  not  the  ease ;  and  that  what  lie  cnllcd  the  Titel- 
Ittfl  \%  eontinuoua  with  the  medullary  eubstauee  of  the  stem  and  branches  of  the  £Oophyt«« 
3e«  his  beautifiil  "  Memoirs  eut  les  Cftmpiinulairesj*'  Bruxelles,  1843. 
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perfect  Mednsan  type,  develops  sexual  organs,  performs  the  true  genera- 
tive process,  and  thus  produces  real  ova,  from  which  a  zoophytic  stmctare* 
similar  to  that  which  gave  off  the  medusa  buds,  is  again  evolved. — ^It  has 
been  observed  by  Lister^  and  Lovcn,'  that  the  medusa-like  bodies  generated 
in  the  interior  of  the  ''ovigerous  capsules,"  instead  of  becoming  completelj 
detached  and  freely  swimming  forth,  sometimes  expand  at  the  summit,  gene- 
rate and  set  free  their  ova  in  the  condition  of  ciliated  "  gemmnles,"  and 
then  wither  like  blossoms,  to  be  succeeded  by  a  new  expansion.  In  oUier 
instances,  again,  the  medusa-buds  do  not  even  expand  themselves  at  the 
mouth  of  the  ''ovigerous  capsule,"  but  may  perform  the  generative  process 
in  its  interior,  and  may  thus  set  free  ciliated  gemmules  without  ever  them- 
selves existing  in  the  condition  of  independent  Medusce.*  In  Sertulurida, 
the  generative  zooids  do  not  seem  ever  to  possess  locomotive  powers. — 
Similar  varieties  will  be  shown  to  exist  among  the  Composite  Acalephss 
(§  547). 

541.  We  have  thus  seen  that  the  animal  fabrics  which  are  known  to  the 
Naturalist  as  Compound  Hydroida,  whilst  extending  and  multiplying 
themselves  by  ordinary  gemmation,  perform  their  true  Generative  opera- 
tion through  the  intermediation  of  organisms  possessing  all  the  essential 
characters  of  true  Medusae  ;  and  that  these  may  either  develop  and  fertflize 
their  ova  whilst  still  in  organic  connection  with  the  stock,  or  may  detarh 
themselves  from  it,  and  maintain  their  existence  as  independent  zooids.  It 
has  now  to  be  shown  that  the  bodies  with  which  the  Naturalist  is  familiar 
in  the  condition  of  true  Medusa,  really  commence  life  in  the  polypoid  state, 
and  may  be  regarded  as  gemmae  budded  off  from  a  Polype-stock.  The  veiy 
curious  history  now  to  be  given,  has  been  ascertained  by  the  united  laboi^ 
of  many  observers ;  and  the  process  may  be  now  regarded  as  having,  in  all 
its  essential  features,  been  clearly  elucidated.*  The  generative  organs 
of  the  Medusae,  are  contained  in  four  "ovarial  chambers"  surrounding  the 
mouth,  and  opening  by  orifices  of  their  own  (Fig.  36).  Within  each  of 
these  chambers  is  seen  a  plaited  ribbon-like  membrane,  between  the  folds 
of  which  are  developed,  during  the  period  of  fertility,  either  spermatic  cells 
or  ovules.  As  these  iwually  exist  in  separate  individuals,*  and  as  no  means 
can  be  discovered  for  the  conveyance  of  the  seminal  fluid  of  one  to  the 
ovarial  chambers  of  the  other,  it  is  probable  that  fecundation  is  effected 
in  the  same  manner  as  in  many  Mollusca  and  Fishes — ^the  fluid  being  dis- 
persed through  the  water  in  the  neighborhood  of  the  ova,  with  which  thej 
thus  come  into  contact.  A  very  curious  provision  for  the  protection  of 
the  embryo  during  its  subsequent  development,  is  found  in  some  Medusff. 
Small  pear-shaped  bags  or  pouches  are  appended  to  the  fringes  of  the  ten- 
tacula ;  and  into  these  are  conveyed  (in  what  mode,  however,  is  unknown) 
from  four  to  eight  germs,  which  undergo  their  development  within  them, 
and  which,  when  perfected,  make  their  way  out  by  the  rupture  of  the  sac. 

»  "Philosopliical  Transactions,"  1834.  a  "Wiegmann's  Archir.,"  18S7. 

8  See  Allman,  loe.  eit.,  p.  879. 

*  See  especially  the  Memoirs  of  Sars  in  "Isis,"  1833,  and  **  Wiegmann's  ArchiTM** 

''"' "  '^ ~  '  rStto^ 

ikii 

1  Sir 

J.  G.  Dalyell's  "Rare  and  Remarkable  Animals  of  Scotland,"  vol.  i.'chap.  3. 

6  It  has  recently  been  asserted  by  M.  Derbfes  (♦*  Ann.  des  Sci.  Nat.,*'  3«  Ser.,  ZooL. 
torn.  xiii.  p.  377),  that  the  Ci/cmxa  chrysaora  is  hennaphrodite ;  but  it  does  not  tppor 
certain  that  he  has  not  mistaken  the  *»  thread  cells"  or  urticating  organs  for  spem- 
cells. 
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To  this  carious  disposition,  we  are  reminded  of  the  peculiar  development  of 
the  ilarsQpial  Mammalia. 

542.  The  embryo  emerges  from  the  marsujMum  in  the  conditton  of  a 
ciliated  gemmule,  of  a  rather  oblong  flattened  form,  very  closeJy  resembling 
an  Infusory  Animalciilc.  In  this  grade  of  development,  it  has  no  mouth  5 
but  the  central  cells  deliquesce,  so  as  to  form  a  cavity,  which  is  to  be  the 
fntare  stomach.  The  next  change  consists  in  the  enlargement  of  one  end 
of  the  embryo,  and  the  contraction  of  the  other;  the  latter  is  developed 
into  a  suctorial  base  or  foot,  by  which  the  animal  attaches  itself  to  some 
fix:ed  object ;  whilst  in  the  former  a  central  depression  is  soon  observed, 
which  gradually  deepens  until  it  communicates  with  the  internal  cavity, 
thus  forming  a  mouth,  and  four  tubercles  that  are  seen  aroand  it  arc  gra- 
dually elongated  into  tentacnla,  which  are  afterwards  aagmented  in  number, 
Thns,  the  first  product  of  the  ovum  is  not  a  Medusa,  but  a  Hydra-Hke 
polype;  and  the  resemblance  is  not  limited  to  external  form,  but  extends 
to  internal  structure,  and  to  the  mode  of  existence  and  multiplication.  For 
tbia  Strohii^i  (as  the  polypoid  larva  of  the  Medusa  has  been  termed), 
attach  hi  g  itself  by  its  base  to  a  fixed  object,  spreads  its  arms  (which  are 
furnished  with  urticating  organs)  through  the  water  in  search  of  prej  (Fig, 
23i,  a)  ;  and  by  tkerr  means  its  food  is  drawn  into  the  stomach,  whence 
the  indigestible  residue  is  ejected  through  the  mouth,  jnst  as  in  the  Hydra, 
Further,  the  polype  multiplies  itself  by  gemmation ;  and  this  not  only  by 
the  development  of  lateral  gemmfle 
from  its  body  (b),  but  also  in  some 
instances  by  the  evolution  of  a  sfo- 
fo»  or  creeping  stem  from  its  base 
(resembling  that  of  many  Zoo- 
phytes), from  which  gemm®  sprout 
forth,  these  generally  becoming  sub- 
sequently detached.  Thus,  from  a 
angle  individual,  a  large  colony  (c) 
may  bo  produced  in  no  very  long 
time,  the  detached  gemmae  most 
commonly  remaining  in  proximity 
with  each  other;  and  the  rate  of 
multiplication,  as  in  the  Hydra,  is 
chiefly  influenced  by  the  tempera- 
tnre,  and  by  the  supply  of  food. 
Further,  it  haa  been  ascertained  by 
Sir  J.  G.  Datyell  (op.  «/.),  that  this 
creature  has  the  same  power  of 
regenerating  parts  of  the  body  that 
have  been  removed,  or  of  repro- 
ducing the  complete  body  and  ten- 
tacnla from  a  portion  of  it,  as  that 
which  is  possessed  by  the  common 
Hydra;  and  that  both  portions  of 
a  bisected  Strobila  could  not  merely 
be  developed  into  new  and  perfect 
individuals,  but  could  multiply  the 
stock  by  gemmation,  as  before  their 
fission.  There  appears  no  definite 
limit  to  its  continuance  in  this 
stale;  it  was  kept  by  the  last-named 


^ 


Strffhila  (or  poljpmd  state  of  Jlfi?rfii#ci)  pro- 
pttgatiDj^  by  getn  matioD  ■ — a,  liable  iutliridual, 
uttjiehcd  hf  iu  h&^e.  Hi  tcntacEik  extended  in 
»earch  of  food  j  B,  ft  group  of  five,  the  gi^mratt 
remHining  in  conneetion  wkb  the  pftrent: ;  C,  ft 
colony,  ooniittrng  of  Hum  prom  zooidd  pnweed- 
\ag  from  a  comiaoD  stock*  but  most  of  thtM 
dctacli«?d  from  it* 
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excellent  observer  for  several  years;  and  from  the  entire  conformity  of 
its  general  structure  and  habits  to  that  of  the  Hydra,  and  the  absence  of 
any  indication  of  its  larval  nature,  it  was  considered  by  him  as  a  complete 
being,  "entitled  to  a  distinct  position  in  the  Systema  NatxirtiBy  A  minute 
examination  of  its  structure,  however,  shows  that  it  is  distinguishable 
from  the  ordinary  Ilydraforra  polype.  The  part  surrounding  the  mouth  is 
capable  of  being  protruded  as  a  sort  of  proboscis;  and  the  aperture  of 
the  mouth  is  then  seen  to  have  a  quadrangular  form.  The  inner  surface 
of  the  lips  and  mouth,  and  the  external  surface  of  the  tentacala  and  body, 
are  covered  with  cilia;  so  that  currents  of  water,  unless  when  the  mouth  is 
shut,  are  continually  passing  in  and  out  from  the  month  and  along  the  ten- 
tacula.  No  proper  Hydroid  polype  has  its  arms  or  body  ciliated.  The 
wall  of  the  stomach  consists  of  two  layers,  of  which  the  inner  one  is  folded 
inwards  so  as  to  form  four  longitudinal  projections  into  the  cavity  of  the 
stomach,  a  sort  of  pouch  or  blind  canal  being  left  between  the  folds  of 
each  plait.  These  four  short  canals  terminate  at  the  upper  end  in  another 
canal,  that  passes  between  the  outer  margin  of  the  month  and  the  periphery 
of  the  disk ;  and  into  this  circular  canal,  the  tubular  cavities  of  the  ten- 
tacula  also  open.*  This  arrangement  is  obviously  indicative  of  the  Medu- 
san  affinities  of  the  Strobila ;  but  it  does  not  render  it  the  less  a  Polype. 

543.  The  Strobila  does  not  always  remain,  however,  in  this  phase  of 
development.  Under  certain  conditions  not  yet  ascertained,  it  ceases  to 
multiply  by  ordinary  gemmation,  although  this  process  may  have  gone  on 
with  regularity  and  activity  for  months  and  even  years  previously;  and 
enters  upon  an  entirely  dilferent  series  of  operations,  of  which  the  first  is 
the  assumption  of  a  more  elongated  cylindrical  form  than  it  had  previously 
possessed.  A  constriction  or  indentation  is  seen  around  this  cylinder,  jnst 
below  the  ring  which  surrounds  the  mouth  and  gives  origin  to  -the  tenta- 
cula ;  and  similar  constrictions  are  soon  repeated  around  the  lower  parts 
of  the  cylinder,  so  as  to  give  to  the  whole  body  somewhat  the  appearance 
of  a  rouleau  of  coins  (Fig.  235).  Still,  however,  a  sort  of  fleshy  bolb, 
somewhat  of  the  form  of  the  original  polyi)e,  is  left  at  the  base  or  attached 
extremity  (Fig.  236,  a).  The  number  of  circles  is  indefinite;  and  all  are 
not  formed  at  once,  new  constrictions  appearing  below,  after  the  upper 
portions  have  been  detached ;  as  many  as  30  or  even  40  have  thus  been 
produced  in  one  specimen.  The  constrictions  then  gradually  deepen,  so 
as  almost  to  divide  the  cylinder  into  a  pile  of  saucer-like  bodies;  the 
division  being  most  complete  above,  and  the  upper  disks  usually  presenting 
some  increase  in  their  diameter ;  and  whilst  this  is  going  on,  the  edges  of 
the  disks  become  lobed,  and  the  lobes  soon  present  the  clefts  and  ocelli 
characteristic  of  the  detached  Medus®  (b).  Up  to  this  period,  the  tenta- 
cala of  the  original  polype  surmount  the  highest  of  the  disks  ;  and  a  gen^ 
ral  contraction  and  relaxation  of  the  whole  cylinder,  causing  the  intervals 
between  the  disks  to  be  diminished  or  increased,  may  be  occasionally  seen 
to  take  place.  But  before  the  detachment  of  the  topmost  disk,  the  circle 
of  tentacula  around  the  original  mouth  disappears ;  and  a  new  circle  is 
developed  upon  the  summit  of  the  bulb,  which  remains  at  the  base  of  the 
pile  of  disks  (c).  At  last,  the  topmost  and  largest  disk  begins  to  eihibit 
a  sort  of  convulsive  action  ;  it  becomes  detached,  and  swims  freely  awaj; 

'  This  description  is  derived  from  the  excellent  "  Observations  on  the  Developufrt 
of  the  MedusuD,"  by  the  late  Dr.  John  Reid,  contained  in  the  "  Annals  of  Natnnl  His- 
tory" for  Jan.  1848,  and  in  Lis  *'  Physiological,  Pathological,  and  Anatomical  Be- 
searches." 


I^€w^lapment  o/  Medma-hud»  from  Str&hita  i — ^A,  Stfobilj*  enlarg^fli  with  Ino^pi^Bt  pro- 
diMtion  of  diak-tlkB  gemmiu  t^etwoen  Ibe  body  a  and  tbo  eirele  of  te^taoula  £;— n,  more  ttd* 
Tanccd  dflvnlapnienl  of  the  Medu«B-bud«,  tbe  eotivtrietioD  Ntwetn  Ibem  being  dee|njiitd,  aod 
tbelr  margins  Wcoiuinelobed  I — c,  *  tpecimcQ  stlU  furtber  ftdYftn««d|  tb&  iiH;^it3al  UtjUoiiUr 
eirel«  hmng  now  dctaohedr  and  ft  newMt  of  ti^Dtnculn  c  d«iralopvd  fit  tbo  baj^o  of  tbti  pile  of 
diikt,  of  ifhkb  thote  newreit  th«  extrcmitj  b  mrc  most  nrlraoccd,  bnving  acqtivred  tbo  fro- 
boit^iJ  d»  and  the  goneml  form  &f  th«  Medusa  ;^»t  a  Strobila  retummg  to  lU  oTigiufil  pnly[M>id 
itAlfl,  iHT'criil  of  th4>  McdntiL-budft  baTing  been  detached,  the  ntw  tantneula  e  being  fully  dt* 
f  eloped,  aud  a  polype-bud  e  being  In  prooott  of  rormfttioiii 


* 
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genitor  of  a  new  colony  of  StrobiUe,  every  one  of  which  may  develop  in  its 
turn  a  pile  of  mednsa-disks.^ 
544.  The  bodies  thus  detached  have  all  the  essential  characters  of  Me- 

dnsaa.     Each  consists  of 
Fig.  237.  an  umbrella-like  disk,  di- 

vided at  its  edge  into  a 
variable  number  of  lobes, 
eight  being  apparently 
the  normal  type ;  and  of 
a  stomach,  which  occa- 
pies  a  coDBiderable  pro- 
portioQ  of  the  disk,  and 
projects  downwards  in 
the  form  of  a  proboscis, 
in  the  centre  of  which  is 
the  quadrangular  month 
(Fig.  23T,  A,  B).  At 
first  there  are  no  indica- 
tions of  genital  organs; 
but  these  subsequentlj 
appear.  Each  of  the 
lobes  of  the  margin  is 
bifid  ;  and  at  the  bottom 
of  the  cleft  is  a  little  body 
which  has  been  supposed 
to  be  a  mdimentaiy  eye 
(c)  ;  but  it  is  very  doubt- 
ful whether  it  is  reallj 
entitled  to  this  designa- 
tion. As  the  animal  ad- 
vances towards  maturity, 
the  segments  or  lobes  of  the  border  of  the  disk  increase  comparatively 
little  in  size,  whilst  the  intervals  between  them  gradually  fill  up;  tubular 
prolongations  of  the  stomach  extend  themselves  over  the  disk ;  and  its 
borders  become  furnished  with  long,  pendent,  prehensile  cirrhi.  The 
mouth,  which  even  in  the  youngest  detached  animal  admits  of  being  greatly 
extended  and  protruded,  is  quadrangular,  and  presents  four  extensible 
angles.  These  angles  grow  more  rapidly  than  the  four-sided  oral  tube  or 
])roboscis;  so  that,  in  the  more  advanced  animals,  the  mouth  appean 
during  the  growth  to  have  divided  or  split  into  four  lobes ;  and  the  minate 
serratures  which  appear  on  the  edges  of  these,  are  the  commencement  of 
the  lobes  and  fringes  that  are  observed  on  the  tentacula  of  the  adult  ani- 
mal.— The  Medusae  which  are  as  yet  known  to  be  developed  after  this 
mode,  belong  to  the  "  hooded-eyed"  group  of  Pulmograda;  whilst  those 
which  are  budded  off  from  the  composite  Hydroid  Zoophytes  belong  to 
the  '*  naked-eyed"  subdivision.  Even  after  the  complete  Medusan  form  has 
been  attained,  multiplication  occasionally  takes  place  by  gemmation ;  but 
only,  so  far  as  yet  observed,  in  the  inferior  or  "naked-eyed"  group.  This 
curious  fact  was  first  observed  by  Sars'  in  Cytceis;  from  the  peduncular 
stomach  of  which  he  observed  medusan  gemmse  to  arise,  these  being  sym- 


Dcvelopment  of  MedMcc  from  detached  gemmaB  of  Stro- 
hila : — A,  indiridunl  viewed  sideways,  and  enlarged,  showing 
a  a  proboscis,  and  h  bifid  lobes;  b,  individual  seen  from  above, 
iihowing  the  bifid  lobes  of  the  margin,  and  the  quadrilateral 
mouth  ;  c,  one  of  the  bifid  lobes  still  more  enlarged,  showing 
the  ocellus  at  the  bottom  of  the  deft ;  d,  group  of  young  Me- 
dusae as  seen  swimming  in  the  water,  of  the  natural  size. 


'  This  last  fact,  which  is  of  fundamental  importance  in  the  philosophical  interpreta- 
tion of  this  wonderful  process,  was  first  brought  to  light  by  Sir  J.  G.  Dalyell  (op.  ciL). 
*  •*  Fauna  littoralis  Norvcgice,"  p.  10. 


^ 


metrically  arranged  around 
iU  four  sides,  but  in  diffe- 
rent stages  of  advancement 
(Fig.  238).  He  also  ob- 
served in  Thamnatiui  a 
similar  gemmation  from 
the  ovaries,  Bath  these 
abservations  have  been 
rerifiedby  Prof.  E.  Forbes, 
who  has  also  seen  in  a  spe- 
cies of  Sarsta  an  evolution 
of  gemmae  around  the  whole 
length  of  the  peduncle, 
these  being  in  different 
stages  of  development,  and 
having  an  indistinct  spiral 
arrangement;  whilst  in  an- 
other Siirsta  he  has  found 
chistcrs  of  gemmiie  hanging 
like  bunches  of  grapes  from 
the  tubercles  at  the  base  of 
the  four  marginal  cirrhi.' 

545.  ^ow  if  the  history 
of  the  generation  and 
development  of  the  Me- 
dnsB  be  compared  with  that  of  the  corresponding  processes  in  the  Hydroid 
Zoophytes,  it  will  be  seen  that  the  two  series  of  phenomena  are  of  preciBely 
the  same  order.  The  immediate  product  of  the  ovum^  in  each  case,  is  a 
Hydraform  polype.  This  lives  for  an  indefinite  time  ia  the  polypoid  con- 
dition, and  multiplies  itself  by  gemmation ;  the  gemmae  either  dctaehtng 
^'  eraselves,  so  as  to  form  distinct  zooids  ;  or  remaining  in  continuity  with 

e  original  stock.  But  to  whatever  extent  this  process  is  carried  on.  it 
merely  consists  in  a  multiplication  of  the  original  Hydra;  and  all  the  zooids 
thns  produced  have  the  same  homohgical  relation  to  each  other,  ns  have 
the  several  parts  of  any  single  body  among  the  higher  Animals.  But, 
under  some  change,  either  of  internal  or  of  external  eoaditions,  which  can- 
not yet  be  distinctly  stated,  the  pohjpoid  gemmation  gives  place  to  the 
medumn — the  muUiplicaiion  of  the  products  of  the  original  generative  act, 
to  the  preparation  for  a  repetition  of  that  act,  Now,  although  the  Medusa 
buds  of  the  Slroifiia  are  formed  in  a  different  sitnation  from  those  of  the 
C&ryne  or  Campanukiria,  being  developed  between  the  body  and  tenta- 
cular circle  of  the  original  polype  in  the  one  case,  and  from  the  sides  of 
the  polype  body  or  from  the  connecting  stem  in  the  otlier,  yet  there  is 
otherwise  no  essential  difference  between  the  two  operations.  In  the  Stro- 
bila,  as  in  the  Coryne  and  Campannlaria,  the  original  polype  body  remains; 
BO  that,  after  hating  given  off  a  large  number  of  medusa  bnds,  it  continues 
its  ordinary  polypoid  existence,  and  may  repeat  the  same  process  at  a  future 
time."     It  is  in  the  Medusa  buds  only,  that  generative  organs  are  evolved  ; 


Oemmtparfitti  tnaltiplictitbij  of  Cjfttti*  ettapnndata  :■ — 
Of  h,  Cf  d,  buds  in  diSbr^nt;  stages  of  development,  ^prouU 
inn^  fmm  tfae  waU  of  the  Btomaoh  A  ;  at  c  la  aoen  one  uf  the 
four  rajiatin^  ranals ;  nt///  (.ho  mnrgioal  cirrbi^  oad  at 
A  tbo  proboscii. 


I      «  **  MonograpU  of  the  Eritleh  Naked-Eyed  Mednste, 


pmbliBbed  by  the  Ray  Society, 


I 


*  The  production  of  Modusn?  from  the  StroMa  yt&s  irpre seated  hj  Bars  its  the  resull  of 
fiuion:  the  fiiCt  that  the  poJypotd  body  r^mntns  behind,  forms  a  new  Bet  of  tentacolft, 
and  miiy  again  give  off  polypoid  and  medusan  gommsc,  not  being  known  to  tiim.  Tbi* 
view  i^  taken  up  bj  Stevnstrup,  who  goea  ao  far  as  to  tnalntam  that  the  original  poly- 
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these  are  subservient,  in  the  one  case  as  in  the  other,  to  the  performance  of 
the  true  generative  process ;  and  it  is  from  the  ova  thus  produced,  that  the 
polypoid  larvaj  arise. 

546.  That  the  whole  of  this  series  of  processes  is  the  continuation  of  one 
and  the  same  developmental  operation,  and  that  the  Polypoid  and  Mednsan 
states  should  be  included  in  the  idea  of  one  generation^  instead  of  being  re- 
garded as  distinct  generations ^  will  further  appear  from  this  consideration; 
that  they  do,  in  fact,  hold  the  same  relation  to  each  other,  both  homologi- 
cally  and  functionally,  as  do  the  nutritive  and  generative  organs  in  higher 
animals.  The  polype  is  no  more  a  complete  organism  than  is  the  larva  of 
an  Insect,  or  the  tadpole  of  a  Frog ;  for,  although  possessed  of  the  capa- 
city to  maintain  its  own  life,  it  has  no  generative  apparatus  for  the  con- 
tinuance of  the  species. — So,  again,  we  do  not  consider  a  Plant  as  having 
attained  its  complete  development,  however  great  may  be  its  extension  by 
leaf-buds,  until  it  has  developed  flowers  and  produced  fruit.  The  Medosan 
"zooid"  is  obviously  the  flower-bud  or  generative  apparatus  of  the  polype; 
it  originates  in  a  process  of  continuous  development,  precisely  resembling 
that  which  evolves  the  generative  organs,  both  in  the  annnal  Plant  and  m 
the  Animal,  after  the  nutritive  apparatus  has  attained  nearly  its  full  de- 
velopment ;  and  its  special  endowments  obviously  have  reference  to  its 
peculiar  function,  that  of  propagating  the  race  in  localities  remote  from 
the  original  stock.  In  some  of  the  Gampanularidae,  as  we  hare  seen,  the 
Medusa  buds  never  become  completely  detached  from  the  Zoopbytic  struc- 
ture, but  seem  to  remain  dependent  upon  it  for  their  nutriment ;  and  here 
the  embryos  seem  to  have  an  unusual  motor  power,  which  serves  for  their 
dispersion.  In  most  other  cases,  however,  the  Medusa  bnds  are  not  only 
detached,  but,  being  separated  when  as  yet  they  have  attained  but  a  smaU 
size  and  a  low  grade  of  development,  they  become  provided  with  a  natrient 
apparatus  of  their  own,  whereby  they  can  obtain  and  prepare  the  needful 
materials.  This  is  perfectly  conformable  to  what  has  been  shown  to  take 
place  in  the  Fern  (§  493).  Of  the  detachment  of  a  self-moving  body  con- 
taining the  generative  products,  we  shall  meet  with  several  curioos  esam- 
ples,  among  the  higher  Animals. 

547.  Tiie  Generative  process  among  other  tribes  usually  assembled  to- 
gether under  the  class  of  Acalephce,^  is  not  less  remarkable.  In  all  of  them, 
as  it  would  appear,  is  there  a  double  method  of  multiplication,  namely,  bj 
gemmation,  and  by  true  generation ;  but  the  results  of  the  former  process 
diflcr  very  considerably  in  the  different  groups. — In  Beroe  (Fig.  102),  as 
probably  in  other  Ciliograda,  gemmae  are  occasionally  produced,  whick 
seem  to  evolve  themselves  into  the  likeness  of  their  stock;  bnt  the  ordinaiy 
method  of  reproduction  is  by  true  generation,  their  progeny  being  i^pa- 
reritly  developed  at  once  into  the  parental  form.  If  this  prove  to  be  the 
case  (which  is  not  yet  certain),  it  constitutes  an  important  point  of  agree* 
ment  between  the  Ciliograda  and  the  Helianthoid  Zoophytes. — ^The  GrM' 
grada  may  really  be  considered  as  composite  polypoid  animals,  analogous 
to  the  compound  Hydroida,  although  their  parts  have  a  different  ar^ulg^ 
ment,  as  seen  in  the  Velella,  Fig.  239.     The  multiplication  of  the  nutritiTe 

poid  animal  is  really  a  Medusa  of  the  female  sex,  which  acts  as  a  sort  of  num  to  % 
brood  of  young  ones.  How  these  young  ones  are  developed,  whether  from  ova  or  gm- 
moe,  he  docs  not  clearly  explain  ;  but  he  considers  them  as  a  new  generation,  altenuik^ 
with  the  polypoid  form — a  mode  of  viewing  the  subject  which  tends  to  confuse  tli 
essential  distinction  between  the  product  of  Gemmation  and  that  of  the  true  GencntiTf 
act  (§  478). 
'  See  the  Authors  referred  to  in  the  note  to  J  142. 


Tthtla  imhota  i  i,  in  Us  turtml  position  j  b«  the  noder  inrfuce^  sU owing  a  the  central  poly- 
'pe-moaib,  iurrdunded  liy  the  tubular  clirhi  and  teneaculft;  c,  lidc  view  of  ihe  digestive  jippam- 
mtf  showing  £1  Ihu  moBlh*  h  b  the  bifureattng  flxtremitiea  i>f  tha  gastric  caritj,  n  tlie  lirof  (?) ; 

I3>,  one  of  tho  cirfhi^  \Tith  tho  tncduioid  buds  ftttafthcd  ^  e,  naDdttfloid  buda  enlarged. 
^Tities  all  eommiinicate  with  each  other  and  with  the  central  reserToir, 
pbufl  formiDg  a  polrgastric  digestive  apparatus.     The  generative  act  is 
pnorided  for  bj  the  development  of  a  distiiiet  set  of  gemmsB  around  the 
bases  of  the  cirrhi  (d,  e)  ;  these^  which  were  formerly  designated  *' ovarian 

•capsules,"  are  now  recognized  as  medusoid  buds  ;  they  become  detached  in 
fcome  animals  of  this  group,  and  swim  freely  thronjrh  the  water ;  and  in 
dtie  time,  they  produce  either  sperraatoxoa  or  ova.     From  each  of  the  lat- 
ter, when  fertilised,  a  single  polypoid  animal  originates ;  and  this  gradu- 
ally evolves  the  composite  structure  by  gemmation.    The  onler  Phy$ograda 
includes  a  great  number  of  forms,  whose  true  nature  was  long  misuudcratooii, 
but  which  are  now  shown  to  be,  like  the  preceding,  composite  organisms, 
the  muitl  plication  of  whose  parts  is  effected  by  gemmation-     This  is  the 
case  with  the  PhijsophQridm  and  JJiph^dw,  two  groups  whose  relation  to 
the  Mediistc  seems  to  consist  in  this^that  the  eoatraetlle  natatorial  organ, 
Bsrhich  h  developed  in  the  latter  around  the  stomach,  Is  developed  separately 
^bnd  on  one  side  of  it  in  the  former.     In  each  of  these,  long  chains  may  be 
Hprmed  by  the  multiplication  of  similar  organs  by  gemmation ;  but  there  Is 
^■al^'aya  a  separate  provision  for  the  generative  process,  consisting  of  a 
gemma  of  a  peculiar  kind,  which  contains  within  it  either  ovisacs  or  sperm 
Htfells,     Both  sets  of  these  are  formed  in  each  individual  of  the  Physopho- 
^^^da?,  m  in  monoecious  plants ;  but  only  one  set  in  each  individtml  of  the 
^T)|phydfle,  as  in  dicecious  plants.     Thin  gemma,  in  some  instances,  is  not 
developed  into  any  special  form,  but  is  a  mere  protuberance  containing  the 
essential  organs  within  it ;  in  other  cases,  however,  it  has  a  natatorial  disk 
deTcloped  around  it;  and  some  of  those  which  are  provided  with  this 
orgiirt  become  detached,  and  swim  about  after  the  manner  of  Medusa?, — 
The  Ph^salia  is  simply  one  of  the  Fhysograda,  in  which  the  air-vesicle 
that  all  possess  has  undergone  an  unusual  development ;  and  its  cirrhi  are 
so  many  polype-months,  or  portions  of  a  polygostric  digestive  apparatus. 
Its  reproduction  is  effected  after  the  same  manner  ;  the  ova  bemg  developed 

■within  a  mcdusifonn  gemma,  that  possesses  a  power  of  independent  move- 
lEDcntj  and  the  spermatozoa  within  a  gemma  of  less  specialized  character; 
trhilst.  from  the  ova  which  are  thus  generated  and  fertilized,  a  polypoid 
animal  would  probably  spring,  which  would  gradually  evolve  itself  by 
gemmation  into  the  likeness  of  its  parent. 
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Fig.  240. 


548.  In  the  class  JSchtnodermata,  in  which  the  Radiated  type  is  carried 
to  its  highest  degree  of  development,  the  structure  of  each  organism  being 
more  complex,  and  its  parts  more  specialized  and  mntnally  dependent,  the 
power  of  reproduction  in  any  other  mode  than  by  sexual  generation  seems 
to  be  almost  entirely  wanting,  notwithstanding  that  they  retain  a  very  ex- 
traordinary power  of  regenerating  lost  parts  (§  473).*  The  Synapta,  one 
of  those  aberrant  forms  of  the  family  Holothuriada  which  lead  towards  the 
Articulated  series,  presents  the  only  example  of  spontaneous  fission  that  is 
known  to  occur  in  this  class ;  and  of  multiplication  by  gemmation  there  is 
probably  no  instance.  In  this  genus  there  is  another  departure  from  the 
usual  type;  the  two  sets  of  sexual  organs  being  combined  in  the  same 
organism,  instead  of  being  separated,  as  in  all  other  Echinodermata.  The 
principal  varieties  in  the  position  of  these  organs  have  been  already 
noticed,  in  the  general  sketch  of  the  class  (§  40) ;  but  it  must  be  remarked 
that  the  so-called  ** ovaries"  are  as  frequently  ''testes"  or  spermatic  or- 
gans; the  male  and  female  generative  apparatus  being  scarcely  distin- 
guishable from  one  another  in  this  group,  either  by  their  external  aspect 
or  their  internal  structure,  except  when  their  respective  products  are  nwiriy 
mature.  Nothing  like  sexual  congress  is  known  to  take  place  among  these 
animals ;  so  that  the  ova  deposited  by  the  females  must  be  fertilized  by  the 
spermatozoa  diffused  through  the  sea-water  which  bathes  them.  We  have 
now  to  trace  the  history  of  embryonic  development  in  the  Echinodermata, 

which  we  shall  find  to  present  some  very 
remarkable  features. 

549.  The  course  of  Development  of 
the  Crinoidea  has  not  yet  been  fol- 
lowed from  its  earliest  period ;  and  the 
most  important  fact  which  has  been 
substantiated  in  their  history,  is  the  me 
tamorphosis  of  the  pedunculated  Penia- 
crinus  (Fig.  240)  into  the  free-swimming 
ComcUula  (Fig.  38),  first  observed  by  Mr. 
J.  V.  Thompson."  The  youngest  speci- 
mens observed  (a)  had  neither  jointed 
column  nor  arms,  but  appeared  like  little 
clubs  fixed  by  a  spreading  base,  and  send- 
ing out  from  their  summits  a  few  pellucid 
tentacula.  The  consol  idation  of  the  mem- 
branous column  by  the  interposition  of  • 
calcareous  skeleton  at  intervals,  gives  to 
it  the  jointed  character  which  it  subse 
quently  acquires;  the  arms,  when  first 
developed  (5),  are  simple,  their  latertl 
pinnsB  (c)  not  appearing  until  near  the 
period  of  the  change;  and  the  dorsal 
cirrhi,  in  like  manner,  are  only  evolved  as 
this  approaches.  In  what  way,  or  at  what 
point  the  detachment  occurs,  cannot  yet 


Crinoid  state  of  Comatula  rosacea 
(PftDtacrinus  Europceus);  a,  b,  e,  buc- 
cessive  stages  of  dovelopmont. 


*  The  Author  once  met  with  a  nngU  ray  of  a  Star-fish  in  a  state  of  actiTi^p',  as  ins 
eyidenced  by  the  energetic  movements  of  its  tubular  suckers ;  althoogli  it  was  obTioQS, 
from  the  appearance  of  the  wound,  that  it  must  have  been  detached  from  the  body  for 
some  days  or  even  weeks.  Might  this  have  continued  to  live,  and  have  re-formed 
the  body  ! 

«  "Zoological  Researches,"  Part  I.,  and  "Edinb.  New  Phil.  Joum."  1886. 


specified;  but  it  seems  probable,  from  the  analogies  to  be  presently 
Idaeed,  that  the  separation  takes  place  at  the  summit  of  the  etem. 
550.  The  most  remarkable  feature  in  the  development  of  the  Echino- 
dermata  generally^  is  the  conversion  of  the  embryonic  mass  of  cells^  not 
into  a  larva  which  subsequently  attains  the  adult  form  by  a  process  of 
metamorphosis,  but  into  a  *'  peculiar  Zooid,"  which  seems  to  exist  for  no 
other  jinrpose  than  to  give  origin  to  the  proper  EcMnoderm  by  a  sort  of 
inteinal  gemmation^  as  well  as  (in  many  cases)  to  carry  it  to  a  distance  by 
its  active  loci>raotive  powers,  thus  serving  for  the  dispersion  of  the  species 
around  the  spots  which  would  otherwise  become  overcrowded  by  the  accu- 
mulation of  individuals.  The  relative  development  of  this  ''  Larva-zooid," 
and  of  the  **  Echinoderm-zooid, "  bowcver,  vary  considerably  in  different 
gjiectes.  In  the  iirst  case  of  the  kind  observed  by  Sars^*  that  of  the  EcM- 
7tmter  ruheng,  the  "  larva-zooid*'  bears  so  small  a  proportion  to  the 
'' Asterid-zooid'^  which  it  bear^,  that  its  independent  character  was  not 
observed,  until  pointed  out  by  Busch*  and  Miillcr  f  it  having  been  at  first 
considered  m  a  mere  pedicle  or  organ  of  attachment,  put  forth  from  the 
embryo-Echinoderm*  The  cvohitiou  of  the  mulberry  mass  by  the  segment- 
ation of  the  yolk,  takes  place  as  in  other  animals  (Fig,  241,  c,  B,  E,  T)] 
I     and  the  embryo  comes  forth  from  the  egg  soon  after  it  has  attained  this 


Fig.  241. 


•M9  9  § 


>       in  J 


B^velopmeDt  of  Kaibr;3ro  of  Evhinatttr  mltrnj—A,  orarian  eiiccum  cootaining  ©t»  Id 
Titrmni  vliiget  of  deTelopment,  tbo  raoet  mature  lieiDg^  seta  at  a  /  n,  ornrmn  ovqid  hig^bly 
lOJLgiilfiedf  iliQwiug  ihe  germinal  veficle  md  tpot;  c,  an  ovum  after  its  depo««itbto,  tho  nuta- 
ns «iie  being  also  ahowo;  B*  e,  r,  succe«sire  atagea  of  iha  geg  men  La  Lion  of  tbo  yolk;  o,  em- 
bryo foon  ttflef  its  escapd  ffum  ibo  ovum,  showing  «t  a,  &,  two  of  tbo  rudimontAry  orgftos  of 
Bttftfiliiiieiili ;  B,  end  Vww  of  tbo  ^ame^  pb  owing  nil  tbrciJ  (n,  n,  h)  of  the  so  of  rfirni ;  i,  tuor© 
ttdvuDced  embryo^  aUncbod  by  four  orgaojir  liro  at  a,  and  twf>  at  A,  with  a  pitiiHIary  pri>jei;ti0a 
«  betweeo  tli«ni;  k»  embryo  mure  advaneed,  ireOf,  and  furobbed  irith  oirrbi,,  f. 


te,  and  swims  freely  about,  by  meaiis  of  the  cilia  with  which  it  is  covered, 
in  a  sort  of  marsnpial  chamber  which  is  formed  by  the  drawing  together  of 
the  rays  of  the  pareat  around  its?  mouth.  Soon  after  its  emersion,  the 
embryoaic  mass  begins  to  manifest  a  se^mmtion  into  two  parts,  one  of 
which  12  at  once  evolved  iuto  the  ''larra-zooid,"  which  possesses  a  stomach 

»  "Fattna  littoraliii  Norvegiae/'  1840;  lusd  **Adq.  des  Sei.  Nat.,''  8*  Sdr.,  ZoqU 
lorn.  11.  p*  IW. 

^  ''Beobttditmngen  uber  Anatomie  unJ  EntiPrlckehuig  einiger  WiFbellos^n  Seathiere,** 
1851. 

*  *•  in>er  dea  allgemcinea  Plan  in  der  EntwiekcluRg  der  EchinQdcrmen/'  1853, 
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and  probably  a  mouth  of  its  own,  while  the  other  is  subsequently  developed 
into  the  Asteroid  form.    The  "  larva-zooid"  at  first  possesses  two  tubercles, 
the  subdivision  of  one  of  which  soon  forms  a  third  (g,  n),  while  a  fourth  is 
afterwards  formed  by  the  subdivision  of  the  other  (i),  an  apparent  mouth 
being  situated  in  a  papillary  projection  (c)  between  them.     At  the  same 
time,  the  principal  mass  gradually  becomes  flattened,  and  shapes  itself  into 
five  lobes  surrounding  a  central  disk;  thus  sketching  out  the  body  and 
rays.     When  in  this  state,  it  attaches  itself  to  fixed  objects  bj  its  organ  of 
adhesion ;  but  if  detached,  it  swims  through  the  water  by  the  action  of  the 
cilia  with  which  the  surface  is  clothed.     At  the  same  time,  five  double 
rows  of  small  tubercles  may  be  perceived  radiating  from  the  centre  of  what 
is  to  become  the  ventral  surface  of  the  body;   these  gradually  elongate 
themselves,  and  become  cirrhi  (k,  e),  each  furnished  with  a  sacker  at  it? 
extremity.     A  peculiar  tubercle  is  also  seen  at  the  edge  of  each  of  the  five 
lobes  of  the  body ;  and  this  is  the  rudiment  of  the  ocellus,  which  is  after- 
wards found  at  the  extremity  of  each  ray.     As  development  proceeds,  the 
"larva-zooid"  which  forms  the  so-called  ^crf/cfe,  gradually  decreases  in  size, 
and  the  "  Asterid-zooid"  creeps  by  means  of  its  cirrhi;  and  at  last  the 
"pedicle"  is  drawn  (as  it  were)  into  the  body,  the  lobes  of  the  body 
lengthen  into  rays,  the  animal  loses  its  ciliograde  progression,  and  the  ordi- 
nary characters  of  the  Star-fish  become  apparent — The  progress  of  the 
internal  organization  is  thus  described  by  Agassiz.*    The  earUest  deposit 
of  calcareous  matter  takes  place  around  the  prominent  tubercles  of  the 
lower  surface;  at  first  in  the  condition  of  little  isolated  crystals,  which  are 
formed  as  nuclei  in  the  cells ;  and  then  as  a  network  formed  by  the  coa- 
lescence of  several  of  these.     Of  these  networks  there  are  at  first  ten,  sym- 
metrically disposed  on  the  ventral  surface,  in  a  manner  correspondhig  to 
the  arrangement  of  the  solid  plates  in  Crinoids;  but  they  graduidly  increase 
in  number,  and  more  distinctly  mark  out  the  rays ;  new  ones  being  inter- 
posed in  pairs  between  those  already  existing,  and  small  spines  projecting 
from  the  older  ones.     The  calcareous  deposit  in  the  dorsal  surface,  on  the 
other  hand,  seems  to  proceed  from  a  central  nucleus  above  the  yolk-mass. 
The  progress  of  development  is  obviously  from  without  inwards ;  the  cells 
on  the  surface  of  the  yolk-mass  being  the  first  to  ftndergo  metamorphosis 
into  the  permanent  structure.^    Those  occupying  the  central  part  of  the 
body  and  "pedicle"  (or  larva-zooid),  undergo  liquefaction;  and  a  kind  of 
circulation  is  seen  in  the  latter.     Gradually  what  remains  of  the  yolk-mass 
is  more  distinctly  circumscribed  in  the  interior  of  the  animal,  and  forms  a 
central  cavity  \\ith  prolongations  extending  into  the  rays ;  but  it  is  not 
until  the  "  pedicle"  has  contracted  itself  into  a  mere  vesicle,  that  the  month 
of  the  Asteroid  is  formed,  by  the  thinning  away  of  the  envelop  of  the 
yolk-mass  on  the  lower  surface,  a  little  to  one  side  of  the  base  of  the 
"pedicle;"  and  it  is  not  until  after  the  formation  of  the  month,  that  the 
nervous  ring  can  be  traced,  with  its  prolongations  extending  to  the  ocelli 
at  the  extremities  of  the  rays. — The  whole  course  of  development  on  this 
type  is  comparatively  rapid  ;  and  the  direct  conversion  of  the  greater  part 
of  the  vitelline  mass  into  the  permanent  form,  seems  here  to  render  unn^ 
cessary  that  evolution  of  organs  peculiar  to  the  larva-zooid,  which  occnrs 
in  most  other  instances. 

551.  The  larvae  of  Echinodermata  generally  are  formed  upon  the  bi-latewl 
type,  and  have  a  ciliated  fringe  on  each  side  of  the  body,  the  two  being 
united  by  a  superior  and  an  inferior  transverse  band,  between  which  the 

*  "  Lectures  on  Comparative  Embryology,"  New  York,  1849. 
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moatli  of  t!ie  Zooid  is  always  gituated ;  and  tlicj  fill  hare  a  stomach  and 
mteatine,  witk  a  separate  anal  orifice.  Their  exterDal  f^jrms^  however,  yary 
in  a  most  remarkable  degree,  owing  to  the  unequal  development  of  their 
Ifferent  parts.  The  relation  of  the  Echi  no  derm-zoo  ids  to  the  Larva-zooid^ 
90  varies  eonsiderably.  In  no  instance  are  the  mouth  and  oosopbagas  of 
the  latter  preserved  in  the  former ;  a  new  month  being  always  formed  ia  the 
Echifioderm-zooid,  often  in  a  place  very  different  from  that  of  the  larva.  In 
the  Holothuriada,  no  other  organs  of  the  Larva-Kooiil  are  lost  in  the  Echf ao- 
derm-zooidj  save  the  mouth  and  oesophagus,  and  the  ciliated  bands  ;  so  that 
the  passage  from  one  form  to  the  other  more  resembles  an  ordinary  rneta- 
niorphosiB.  But  among  the  Ecluuida,  Ophiarida,  and  Asteriada,  we  gene- 
rally find  that  the  only  part  retained  is  a  portion  of  the  stomach  aad  intestine, 
which  is  pinehed  off  (so  to  speak)  from  that  of  the  larva.  In  these  three 
groups,  the  Echinoderra-zooid  develops  iUelf  iti  close  apposition  with  the 
wall  of  the  stomachj  taking  its  origin  m  a  very  minute  rudiment,  and  gra- 
dually evolving  its  characteristic  fonn.  The  parlctes  of  the  body  are  firgt 
distinguished,  and  the  **  water- vascular  8y stem''  (which  is  so  intimately  con- 
nected with  them)  next  makes  its  appearance  ia  the  manner  already  isoUeed 
i(§  297,  no(^), 

\  552.  Cue  of  the  most  remarkable  forms  of  Echinoderm-Iarvfle  is  that 
which  !ias  received  the  name  of  Bipinnana  (Fig.  242),  from  the  eymme- 
trical  arrangement  of  its  natatory  or- 
gans. The  mouth  («),  which  opens  in 
the  middle  of  a  transverse  furrow,  leads 
through  an  o.'snphnL'-u^j  i'  to  a  large 
stomach,  aronud  uliirh  the  body  of  the 
Asteroid  has  drvi^?ped  itself;  and  on 
one  side  of  this  moytli  is  observed  the 
intestinal  tube  and  anus  (b).  On  either 
side  of  the  anterior  portion  of  the  body, 
are  six^  or  more,  narrow  fin-like  ap- 
pendages, which  are  fringed  with  cilia ; 
and  the  posterior  part  of  the  body  is 
prolonged  into  a  sort  of  pedicle^  bi- 
lobcd  towards  its  extremity,  which  also 
is  covered  %vith  cilia.  The  organiza- 
tion of  this  larva  seems  completed,  and 
its  movements  through  the  water  arc 
very  active,  before  the  mass  at  its  an- 
terior ex:tremity  presents  anything  of 
the  aspect  of  the  Star-fish  j  in  this  re- 
ect  corresponding  with  the  move- 
tncnts  of  the  *'  pluteua''  of  the  Echinida, 
The  temporary  month  of  the  larva  does 
not  remain  as  the  permanent  month  of 
the  Star*lish;  for  the  oesophagus  of  the 
latter  enters  on  what  is  to  become  the 
dorsal  side  of  its  body ;  and  the  true  month  is  subsequently  formed  by  the 
thinning  away  of  the  integument  on  its  ventral  surface.  The  yonng  Star- 
fish is  separated  from  the  bipinnarian  larva,  by  the  forcible  contractions  of 
the  connecting  pedicle,  as  soon  aa  the  calcareous  consolidation  of  its  integu- 
ment  has  taken  place,  and  its  true  mouth  has  been  formed,  bat  long  before 
it  has  attained  the  adult  condition ;  and  as  its  ulterior  development  has  not 
hitherto  been  observed  in  any  instance,  it  is  not  yet  known  what  are  the 


Bipinnart'a  aiierig^ira,  or  Larra  (if  Slnr- 
fi?h  3  rtt  mouth ;  n%  a?£0{>i:iO!>;u5  ;  \  inte»lmnl 
tubo  and  trnni  orifieo ;  e,  furrow  in  wbieh  the 
uioiith  is  Mltmtod;  f/^%hUoboU  pc?dunr[6; 
1,2,5,  4,  5,  0^  7f  ciliated  arm*. 
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species  in  which  this  mode  of  erolation  prevails.    The  larva  continaes  actire 

for  seyeral  days  after  its  detach- 
ment ;  and  it  is  possible,  thoogh 
perhaps  scarcely  probable,  tluU 
it  may  develop  another  Asteroid 
by  a  repetition  of  this  process 
of  gemmation.^ 

553.  In  the  Bipinnaria,  as  in 
other  larva-zooidls  of  the  As- 
teriada,  there  is  no  internal 
calcareous  framework;  such  t 
framework,  however,  is  fonnd 
in  the  larvse  of  the  Echinidaand 
Ophinrida,  of  which  the  form 
delineated  in  Fig.  243  is  an  ex- 
ample.* The  embryo  issnes  from 
the  ovum  as  soon  as  it  has  at- 
tained, by  the  repeated  segmen- 
tation of  the  yolk,  the  condition 
of  the  "  mnlberry-mass  ;"aDdt]ie 
superficial  cells  of  this  are  co- 
vered with  cilia,  by  whose  agencj 
it  swims  freely  through  the  water. 
So  rapid  are  the  early  processes 
of  development,  that  no  more 
than  from  twelve  to  twenty-foor 
hours  intervene  between  fecu- 
dation  and  the  emersion  of  the 
embryo ;  the  division  into  two, 
four,  or  even  eight  segments  tak- 
ing place  within  three  hours 
after  impregnation.  Within  t 
few  hours  after  its  emersion,  the 
embryo  changes  from  the  spheri- 
cal into  a  sub-pyramidal  form 
with  a  flattened  base ;  and  in  the 
centre  of  this  base  is  a  depres- 
sion, which  gradually  deepens, 
so  as  to  form  a  mouth  that  com- 
municates with  a  cavity  in  the 
interior  of  the  body,  which  is 
surrounded  by  a  portion  of  the 
yolk-mass  that  hi^  returned  to 


Embrjonio  development  of  Echinus : — A,  Pluttut- 
larva  'at  the  time  of  the  first  appearance  of  the 
disk ;  a,  mouth  in  the  midst  of  the  four-pronged 
proboscis;  6,  stomach;  c,  cchinoid  disk;  d,  d,  d,  d, 
four  arms  of  the  pluteas  body ;  e,  calcareous  frame- 
work ;  /,  ciliated  lobes;  g,  g^  g,  g^  ciliated  processes 
of  the  proboscis : — b,  disk,  with  the  first  indication  of 
the  cirrhi : — c,  disk,  with  the  origin  of  the  spines  be- 
tween the  cirrhi : — d»  more  advanced  disk,  with  the 
cirrhi  and  spines  projecting  considerably  from  the 
surface.  (N.  B.  In  Figs,  b,  c,  and  d,  the  pluteus  is 
not  represented,  its  parts  having  undergone  no 
change,  save  in  becoming  relatively  smaller.) 


*  See  the  Observations  of  Keren  and  Daniellsen  (of  Bergen)  in  the  '« ZoolopBke  Bii- 
rag,"  Bergen,  1847  (translated  in  the  "  Ann  des  Sci.  Nat.,"  3«  S^*.,  Zool.,  torn.  tL 
p.  347) ;  and  the  Memoir  of  Prof.  MQller,  *<  Tiber  die  Larvcn  und  die  MetunonAo* 
dor  Echinodcrmen,"  in  *<  Abhaldlungen  der  Koniglichen  Akademie  der  Wissensohita 
EU  BerUn,"  1848. 

'  See  Prof.  Miiller,  <'  Ueber  die  Larven  nnd  die  Metamorphoso  der  Ophinren  undSeci- 
gel,"  in  **  Abhaldlungen  der  Koniglichen  Akademie  der  Wisscnschaften  sa  Berlin,"  1S4&. 
See,  also,  for  the  earlier  stages,  a  Memoir  by  M.  Derbfes,  in  "Ann.  des  Sci.  Nat"  3«  Ser., 
Zool.,  torn.  viii.  p.  80;  and  for  the  later,  Krohn's  "Beitrag  zor  Entwickelungsgesefaiditt 
der  Seeigillarven,"  Heidelberg,  1849,  and  his  Memoir  in  "  Miil1er*8  Archiv.,"  1861.— 
Prof.  MuUer  has  accepted  the  corrections  made  by  M.  Erohn  of  his  own  eatliff 
inferences. 
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uid  gratiuiar  state.  Sabsequently,  a  short  intestinal  tube  Is  found, 
n  anal  orifice  opeaing  on  oae  side  of  the  body;  as  was  first  observed 
hj  EjTohn.  The  pyramid  is  at  first  triangular,  but  it  afterwards  becomea 
quadrangular ;  and  the  angles  are  greatly  prolonged  round  the  mouth  (or 
base)*  whilst  the  apex  of  the  pyramid  is  sometimes  mueh  extended  in  the 
opposite  direction,  but  i^  sometimes  rounded  off  iato  a  kiad  of  dome  (Fig. 
243,  a).  All  parts  of  this  curious  body,  and  especially  its  most  projecting 
portions,  arc  strengthened  by  a  framework  of  thread-like  calcareous  rods 
(*),  Itt  this  condition,  the  embryo  swims  freely  throug^h  the  water ^  being 
|>ropcl]ed  by  the  action  of  cilia,  which  clothe  the  four  angles  of  the  pyramid 
and  its  projecting  arms,  and  which  are  sometimes  thickly  set  upon  two  or 
four  projecting  lobes  (/);  and  it  has  received  the  designation  of  Phdeus, 
The  *'  pluteus"  of  the  Ophiura  and  that  of  the  EcMmm  at  first  diCFer  very 
little  in  their  general  form  and  structure;  but  the  "plutci"  of  difiercnt 
gpecies  vary  considerably  in  the  number  of  their  arms,  some  having  as  many 
thirteeD,  The  mouth  is  UBually  surrounded  by  a  sort  of  proboscis,  the 
8Qf  1^  of  which  are  prolonged  iato  four  slender  processes  {g,  g,  g,  g),  shorter 
titan  the  four  outer  legs,  bat  furnished  with  a  similar  calcareous  framework. 
In  this  condition,  the  "  pluteus"  maybe  said  to  preseiitthe  Acalephoid  type, 
corresponding  with  the  Medusee  in  ita  proboscidlform  mouth,  and  resembling 
the  Beroe  in  its  propulsion  by  bands  of  cylia. 

554,  The  first  indication  of  the  production  of  the  young  Echinus  from 
ita  **plntcuB/'  is  given  by  the  formation  of  a  circular  disk  (Fig.  243,  A,  e), 
on  one  side  of  the  central  stomach  {h) ;  and  this  disk  soon  presents  five 
prominent  tubercles  (n),  which  subsequently  become  elongated  into  tubular 
cirrhi.  The  disk  gradually  extends  itself  over  the  stomach,  arid  between  its 
cirrhi  the  rudiments  of  spines  are  seen  to  protrude  (o);  these,  with  thecirrhi, 
increase  in  length,  bo  m  to  project  against  the  envelop  of  the  "  pkiteus," 
and  to  push  themselves  through  it ;  whUst,  at  the  same  time,  the  originaj 
angular  appendages  of  the  **  pluteus" diminish  in  size,  the  ciliary  movement 
becomes  Ics?^  active,  being  superseded  by  the  action  of  the  cirrhi  and  spines, 
and  the  mouth  of  the  "  pUiteus"  closes  up.  By  the  time  that  the  di^khas 
grown  over  half  of  the  gastric  sphere,  very  little  of  the  *^  pluteus"  remains, 
except  some  of  the  slender  calcareous  rods;  and  the  number  of  tentacula 
and  spines  rajudly  increases.  The  calcareous  framework  of  the  shell  at 
first  consists,  like  that  of  the  Btar-fishes,  of  a  series  of  isolated  networks 
deTcloped  between  the  cirrhi ;  and  upon  these  rest  the  first-formed  spines 
(d).  But  thoy  gradually  become  more  consolidated,  and  extend  themsejlvcs 
over  the  granular  ma«s,  so  as  to  form  the  series  of  plates*  The  mouth  of 
the  Echinus  (which  m  altogether  distinct  from  that  of  the  "plut^us*^),  is 
formed  at  that  side  of  the  granular  mass, 
over  whieh  the  shell  is  last  extended ;  and 
the  first  iadication  of  it  consists  in  the 
niipearauce  of  fi^e  calcareous  accretions, 
which  are  the  summits  of  the  five  portions 
of  the  framework  of  jaws  and  teeth  that 
surround  it.  All  traces  of  the  original 
"  plutena^*  are  now  lost ;  and  the  larva, 
which  now  presents  the  general  aspect  of 
an  Echinoid  animal,  gradually  augments 

in  size,  multiplies  the  number  of  its  plates,      Ongin  or  tha  Ophiura  fmm  iho  ilck  of 
cirrhi,  and  spines,  evolves  itself  into  its  the  Btomnoh  in  tlio  hi>dj  oflii  Piuum .-— 
particular  geoeric  and  specific  type,  and  ^^/■-Xl'oTwiS:  '.t  'S^Smt^c! 
undergoes  various  changes  oi  mternal  mem  of  tb«  trms. 
~  38 


Fig.  244. 
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structure,  tending  to  the  development  of  the  complete  organism — ^The 
body  of  the  Ophiura  takes  its  origin  in  a  set  of  little  cseea  (Fig.  244), 
which  extend  Uiemselves  from  the  central  mass  nearly  in  the  position  of  the 
disk  of  the  Echinus ;  and  these  grow  into  a  sort  of  circular  cluster  (a), 
which  gradually  shapes  itself  into  the  form  of  the  body  of  the  Ophiura  m\h 
incipient  arms  (b).  The  other  changes  take  place  very  much  after  the  same 
fashion  as  in  the  Echinus. 

655.  The  developmental  processes,  of  which  a  sketch  has  now  been  given, 
undoubtedly  constitute  a  most  remarkable  series.  We  here  find  the  yolk- 
mass  converted  into  a  structure,  which  is  destined  only  to  possess  a  transient 
existence,  and  which  disappears  entirely  by  the  time  that  the  developmentof 
the  offset  from  it  has  advanced  so  far  that  it  begins  to  assume  thecharactm 
of  the  permanent  organism.  This,  however,  is  what  takes  place  in  the  higba 
Yertebrata ;  for  the  structures  first  developed  in  the  egg  of  the  bird  hdd 
nearly  the  same  relation  to  the  rudimentary  Chick  that  the  ''  Platens"  bean 
to  the  incipient  Echinus  or  Ophiura,  or  the  ''  Bipinnaria"  to  the  incipient 
Star-fish.  The  only  essential  difference  consists  in  this,  that  the  develop- 
ment of  these  temporary  structures  proceeds  so  much  further  in  the  latter 
case,  as  to  give  them  ipore  the  character  of  distinct ''  individuals ;"  and  thej 
arc  endowed  with  self-moving  powers,  whereby  they  are  dispersed  throagh 
the  water  in  this  stage  of  their  existence,  so  as  to  prevent  that  accumulatioD 
in  particular  localities,  which  would  otherwise  result  from  the  comparativelT 
sluggish  habits  of  these  animals  in  their  adult  condition.  We  may  trace 
the  analogy  yet  further;  for  the  "blastodermic  vesicle,"  which  is  cast  off 
(like  the  Bipinnaria  of  the  Star-fish)  from  the  fcetus  of  the  Mammal,  is  grado- 
ally  taken  (like  the  "plnteus"  of  the  Echinus)  into  the  body  of  the  Bird: 
and  we  have  the  representation  of  the  type  of  development  first  described 
(§  550),  in  the  mode  of  evolution  of  the  Batrachian  Reptiles,  the  whole  of 
whose  vitelline  mass  goes  at  once  to  be  converted  into  the  embryo,  as  that 
of  the  Echinaster  is  appropriated  by  the  Asterid-zooid. 

556.  Passing  on  now  to  the  Molluscous  sub-kingdom,  we  find  in  the  Brj^ 
zoa  such  a  close  approximation  to  the  Zoophytic  type,  as  regards  their 
multiplication  by  a  continuous  gemmation,  that  it  is  not  surprising  that  their 
place  in  the  animal  series  should  have  been  at  first  mistaken ;  more  esi^eciaDr 
when  the  notion  prevailed,  that  no  true  Mollusk  ever  multiplies  itself  by  tliB 
method.  So  characteristic  is  this  process,  indeed,  of  Bryozoa,  that  there  is 
no  instance  known  of  an  animal  of  this  group  existing  permanently  in  ft 
solitary  condition,  like  the  Hydra  or  Actinia;  since  every  Bryozoon,  ob 
emerging  from  the  ^gg,  tends  to  evolve  itself  into  a  composite  stroctore. 
the  gemmation  taking  place  either  from  the  interior  of  the  tabular  stem  aid 
branches,  which  usually  connect  together  the  cavities  of  the  several  celbjflf 
from  the  cells  themselves,  where  no  stem  intervenes.  The  general  plan  « 
which  this  gemmation  commences,  is  the  same  as  in  the  Hydraform  Zoo- 
phytes ;  for  there  is  first  seen  a  bud-like  protuberance  of  the  homy  exterad 
integument,  into  which  the  medullary  lining  prolongs  itself;  the  cavity  tlm 
formed,  however,  is  not  to  become,  as  in  the  group  just  referred  to,  tkf 
stomach  of  the  new  zooid ;  but  it  constitutes  the  chamber  surrounding  tie 
stomach,  which  remains  completely  inclosed,  by  the  continnity  of  the  meiB- 
brane  lining  the  cell  with  that  of  the  visceral  sac.  The  digestive  apparatus 
takes  its  origin  in  a  thickening  of  the  medullary  membrane  (Fig.  245,  a,  fl), 
which  projects  from  one  side  of  the  cavity  into  its  interior ;  and  the  cells  of 
the  central  part  of  this  appear  to  deliquesce  and  form  the  digestive  cavity, 
whilst  from  those  which  surround  it  are  developed  the  walls  of  the  alimentarf 
canal,  the  tentacula,  and  the  muscles  which  protrude  or  retract  this  appft- 
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Gemmlparmis  extentlon  t^t  iQ^unetita  rtpen*: — A.nbai 
itt  tLU  enrly  amge  of  developmeni,  showing  at  ra  n  tbickrti- 
ing  of  iba  Interior  membrane,  wbieb  is  tbo  first  rudiment 
of  the  digestive  appariihtug :— Sj  tbo  «ftmo  more  ndvanced, 
the  radimeQtnry  tcDtMuln  being  now  in  proeeps  cf  formu- 
lioDj  und  another  thickening  showing  it&eif  at  b^  oj  the  ru* 
ilimecLt  of  the  male  geni^rative  organ ;;  c,  the  {tume^  shortly 
before  tbo  opening  of  the  cell  r  c,  buccal  cavirj;/,  Ktoinacb  ; 
I,  iutestitie  j  o,  retractor  mwseks. 


ratu^.  The  first  Eppeamnce  of  the  tentacolft  is  seen  at  B  a  /  and  a  more 
advanced  sta^e  ia  the  de- 
velopment, the  cell  being  ^8-  245. 
gtill  closed,  k  shown  at  a 
•  Whilst  these  organs  are 
being  evolved,  the  fonnda- 
lion  is  laid  for  the  genera- 
tive apparatQS,  in  a  similar 
thickening  of  the  medul- 
lary inenibrane  in  the  lower 
part  of  the  cell  (b,  ^)  ;  and 
this  in  due  time  acquires 
its  full  development,  and 
matures  its  spennatic  cells. 
— The  Generative  organs 
of  the  two  sexes  are  usuallj, 
if  not  invariably  united  in 
the  same  zooids ;  and  arc 
attached  to  the  liniag 
nienilirane  of  the  visceral 
cavity;  the  testes  (Fig,  49, 
m)  being  situated  beneath 
the  stofuaeh,  and  the  ova- 
rium («)  near  the  mouth  of 
the  eelL*  Both  discharge 
their  products,  by  the  nip- 
ture  of  their  envelops,  into 
the  visceral  cavity;  and  the  ova  (o),  lying  in  this,  are  fertilized  by  the 
spermatostoa  which  they  there  meet  with.  Tlie  manner  in  which  they  are 
finally  discharged  is  not  yet  ascertained ;  in  Laguncula,  according  to  Prof. 
Tan  Beneden,  they  escape  by  an  outlet  (p)  beneath  the  tentacular  circle; 
but  no  finch  outlet  has  been  detected  by  Prof.  Allman  in  the  fresh-water 
species.  The  ova  are  sometimes  famished,  before  their  escape,  with  a  very 
irm  horny  casing  (occasioDally  provided  with  hooked  spines),  which  appears 
destined  to  secure  them  from  the  effects  of  the  winter's  cold,  to  which  the 
fresh-water  Bryozoa  are  more  severely  exposed  than  the  marine— being,  for 
the  most  part,  inhabitants  of  small  collections  of  water,  that  arc  liable  to 
be  completely  frozen.  In  most  cases,  however,  the  embryo  u  set  free  in 
the  state  of  a  ciliated  gemmuie,  from  which  the  first  cell,  with  its  highly 
organized  tenant,  is  gradually  evolved ;  but  of  the  details  of  its  history  Httle 
IB  known* 

557.  The  Tunicuia  correspond  closely  with  tbe  Bryozoa  in  their  mitUi  plica- 
tion by  gemmation ;  for  this  is  the  mode  wherein  all  those  clusters  arc  formed^ 
which  constitute  a  large  proportion  of  the  entire  series  of  these  animals ;  the 
golltary  species,  which  do  not  propagate  by  this  method^  being  almost  as  ex- 
ceptional as  they  are  among  Zoophytes*  In  all  that  group  which  corresponds 
Ui  Its  general  structure  with  the  Ascidiun  type,  the  gemmation  takes  place  ex* 
lernally;  and  it  usually  proceeds  from  a  sort  of  tubular  stolon,  w^hich  extends 
itaelf  from  the  base  of  each  zooid  (Fig,  138),  and  which  is  in  connection  with 

I  It  is  iifiserted  by  Prof.  Van  Beneden  that  tbe  sexes  are  distlnet  in  some  of  the  frcsb- 
%aler  species;  but  this  is  contradiete>d  by  ProC  Allmsn,  irboae  Memoir  ^^On  FresU- 
nmter  Polyion,"  in  the  *'  Report  of  tbo  British  Association'*  for  1850,  may  bo  rt't'errcd 
t4  its  O0atiiiiiiiig  the  fullest  information  on  tbe  reproductive  processes  in  thnt  group. 
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the  circulating  apparatus,  so  that  a  double  current  of  blood  moves  in  it 
Tlie  development  of  the  Ascidian  zooid  within  the  buds  which  arise  from 
this  stolon,  seems  to  take  place  after  a  mode  essentially  the  same  with  that 
of  the  Bryozoan  ;  but  when  it  has  proceeded  to  an  extent  that  renders  the 
zooid  independent  of  the  parent,  the  circulation  through  the  connecting 
peduncle  usually  ceases,  so  that  henceforth  the  zooid  is  organically  detached 
from  the  parent  stalk,  although  remaining  included  with  it  in  the  common 
envelop.    Thus,  we  see  that  the  presence  of  a  general  circulation  in  the  clus- 
ters of  Perophara  (§  235),  is  in  reality  to  be  regarded  as  the  persistence  of 
an  embryonic  character  originally  common  to  all  the  Compound  Ascidians. 
In  some  of  these  animals,  however,  as  in  many  Bryozoa,  the  gemmation  of 
the  zooids  takes  place  directly  from  the  exterior  of  the  body,  instead  of  from 
a  prolongation  of  it  into  a  stolon. — In  the  SaJpidce,  the  production  of  zooids 
by  gemmation  takes  place  after  a  very  different  fashion ;  for  the  stolon  from 
which  they  are  put  forth  is  here  internal;  and  large  numbers  of  buds  are 
developed  from  it  at  the  same  time.    The  process  commences  at  a  tcit  eiurfj 
period  in  the  life  of  the  '*  stock;"  for  the  stolon  is  distinctly  visible  before 
its  own  embryonic  development  is  completed ;  and  the  evolution  of  the  first 
set  of  l)uds  commences  forthwith,  so  that  it  takes  place  coincidently  with 
the  growth  of  the  "  stock"  itself.     A  second  group  of  buds  is  usually  put 
forth,  and  even  the  formation  of  a  third  has  often  commenced,  before  the 
first  is  ready  to  be  detached.    All  the  buds  of  each  group  are  detached  at 
the  same  time ;  they  adhere  together  by  their  external  surfaces,  or  by  special 
organs  of  attachment;  and  they  thus  form  those  chains  or  clusters  of  ''ag- 
gregate" Salpae,  which  are  frequently  found  floating  on  the  ocean  surfiiceiB 
the  warmer  regions  of  the  globe.    Thus  whilst  the  several  zooids  of  the  Com- 
pound Ascidian  masses  owe  their  existence  the  one  to  the  other,  and  the 
whole  to  the  primordial  "  stock"  which  laid  the  foundation  of  the  cluster 
(thus  strictly  resembling  the  relation  of  the  several  leaf-buds  of  a  ti«e  to 
each  other  and  to  the  original  plumule),  the  zooids  forming  the  Salpa-chains 
are  related  only  by  their  common  origin  from  the  same  stolon,  and  the 
''  stock"  forms  no  part  of  the  chain,  but  remains  as  a  solitary  individoaL— 
According  to  MM.  Lowig  and  Kolliker,  a  sort  of  fissiparous  multiplicatioD 
takes  place  in  some  of  the  Botryllidce,  at  a  very  early  period  of  embryonic 
development ;  each  ovum  producing,  by  its  segmental  division,  not  a  single 
individual,  but  a  stellate  cluster  (Fig.  51).     Should  such  be  the  case,  the 
phenomenon  would  be  the  parallel,  in  the  Animal  kingdom,  to  the  free 
gemmation  of  Mosses  whilst  yet  in  the  confervoid  state  (§  492).    Thefcrt, 
however,  is  denied  by  Prof  Milne  Edwards,  who  considers  that  the  duster 
is  formed  by  subsequent  gemmation  from  the  first  individual ;  and  the  ouitter 
remains  open  for  further  investip^tion. 

558.  Every  Tunicated  animal  of  the  Ascidian  type,  whether  solitaiyor 
composite,  possesses  two  sets  of  sexual  organs ;  an  orarian  mass,  osmflj 
of  considerable  size,  which  lies  deep  in  the  cavity  of  the  body  (Fig.  121, ?)» 
and  is  furnished  with  an  oviduct  that  opens  into  the  cloaca ;  and  a  testis 
(<7),  which  usually  lies  beneath  the  ovary,  and  is  furnished  with  an  rfereat 
canal  (rr')  that  opens  in  close  proximity  with  the  outlet  of  the  ovidnct; 
so  that  the  ova  are  fertilized  within  the  cloaca,  immediately  after  their 
escape  from  the  oviduct,  and  the  changes  in  which  the  earlier  stages  of 
embryonic  development  consist,  may  be  usually  seen  to  have  taken  place 
previously  to  the  final  exit  of  the  ovum  from  the  body.  In  all  the  memben 
of  this  group  in  which  the  history  of  the  process  has  been  yet  observed,  the 
embryo  comes  forth  from  the  egg  in  a  form  quite  different  from  that  which 
it  is  subsequently  to  present ;  and  is  endowed  with  the  power  of  free  loco- 
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motion,  so  important  for  the  dispersion  of  animals  that  are  to  pass  the 
whole  remainder  of  their  lives  in  a  fixed  condiUon.  The  following  Is  a 
fiketch  of  the  history  of  the  process,  as  observed  by  Prof.  Milue  Edwards 
in  AmarouciuTn  proUferitm,  The  yolk  appears  to  undergo  the  usual  se;|- 
meiitatioa  within  a  very  short  period  after  fecnndation,  so  that  the  '*mi]- 
berry  mass''  (Fig.  246,  h)  is  soon  produced;  and  at  the  same  lime  there  is 

Fig.  24e. 
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I>«r«lopm6ttt  of  tbo  embryo  *>f  Amaroucium  proti/erum; — o,  mature  oviitD,  escaped  from 
ih»  fiVti.ryi  hf  QYum  laken  from  ibe  cloaca,  ndvjiDccd  to  tbe  Bt&t«  of  "taulbeirj  niaas^"  4?,  dt  more 
adi-nncod  states  of  the  ovum,  stIU  v'llh'm  the  dcmc4i;  *,  ovum  whaso  embrjo  ia  ready  to  temfii^e^ 
/t  Imrva  ntwly  ef eapi^d ;  tf,  lurva  eomc  bours  uftet  flKfttion ;  h,  tbo  Eame,  ten  bouri  after  flxn- 
tlon  ;  i,  the  s&me,  twenty  hoars  after  j^xnticm;  k^  Uie  ifttnc,  at  the  fiommencemeTitj  adiI  it  b.% 
iKe  eoucliuiop  of  tbo  ti€00ttd  day  after  fixation. 

formed  between  the  yolk  and  the  external  membrane  of  the  oTam,  a  gelati- 
nous, transparent,  nearly  colorless  layer,  which  apparently  becomes  the 
extcnial  tunic  or  ''test"  of  the  young  animal.  The  marginal  portion  of 
the  yolk  then  begins  to  separate  from  the  central  mass,  so  a*s  at  first  to 
appear  like  a  sort  of  ring  encircling  it  (c)  ;  but  it  is  soon  observable  that 
toe  apparent  ring  is  really  a  tapering  prolongation,  which  encircles  the 
central  part  of  the  yolk,  adhering  by  its  base,  and  having  its  extremity 
free  {d).  A  further  change  takes  place,  previously  to  the  exclusion  of  the 
egg ;  for  the  tail-like  appendage  becomes  more  and  more  eeparatcd  from 
the  central  mass;  and  the  anterior  extremity  is  furnished  with  five  diverg- 
ing cylimlrical  processes,  which  advance  towartis  the  border  of  the  egg  (e); 
two  of  these,  however,  disappeanug,  whilst  the  other  three  increase  ia  size, 
previously  to  the  excksioa  of  the  egg.  Either  whilst  the  egg  is  still  within 
the  cloaca,  or  after  it  has  escaped  from  the  anal  orifice,  its  envelop  bursts, 
and  the  larra  escapes ;  and  ia  this  condition  (/)  it  presents  Tcry  much  the 
appearance  of  a  tadpole,  the  tail  being  straightened  out,  and  propelling 
the  body  through  the  w  ater  by  hs  lateral  nndulations.  Tlie  centre  of  the 
body  Is  occupied  by  a  mass  of  liquid  yolk ;  and  this  is  continaed  into  the 
Ulterior  of  the  three  anterior  proeesBcs,  each  of  which  has  a  sort  of  sucker 
at  its  extretnity.     After  swimmmg  about  for  some  liours  with  an  active 
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wriggling  movement,  the  larra  attaches  itself  to  some  solid  body  by  means 
of  one  of  these  suckers ;  if  disturbed  from  its  position,  it  at  first  swims 
about  as  before ;  but  it  soon  completely  loses  its  activity,  and  becomes  per- 
manently attached ;  and  important  changes  speedily  manifest  themselves  in 
its  interior.  The  prolongations  of  the  central  yolk  substance  into  the  an- 
terior processes  and  tail,  are  gradually  retracted  {g,  h),  so  that  the  whole 
of  it  is  once  more  concentrated  into  one  mass;  and  the  tail,  now  consisting 
only  of  the  gelatinous  envelop,  is  either  detached  entire  from  the  body,  by 
the  contraction  of  the  connecting  portion  (t),  or 
withers  and  is  thrown  off  gradually  in  shreds.  At 
this  stage,  a  division  of  the  central  mass  into  two 
unequal  parts  is  indicated ;  and  tbe  anterior  part  ex- 
hibits a  deep  yellow  annular  patch,  circnmscribing  a 
paler  yellow  spot,  which  marks  the  position  of  the 
future  mouth ;  whilst  in  the  posterior  portion  there 
is  a  clear  spot,  in  which  the  development  of  the  heart 
commences.  The  formation  of  the  internal  organs 
takes  place  very  rapidly  ;  so  that  by  the  end  of  the 
second  day  of  the  sedentary  state,  the  outlines  of  the 
branchial  sac  (the  mode  of  whoso  development  has 
been  already  described,  §  289),  and  of  the  stomach 
and  intestine,  may  be  traced ;  no  external  orifices, 
however,  being  as  yet  formed.  The  pulsation  of  tbe 
heart  commences  on  the  third  day,  and  the  formation 
of  the  branchial  and  anal  orifices  takes  place  on  the 
fourth ;  and  the  ciliary  currents  are  immediately  esta- 
blished through  the  branchial  sac  and  alimentary 
canal.  It  is  interesting  to  remark  that  the  caadate 
form  of  the  early  larva  is  retained  in  the  cnrioos  Af- 
pendicularia,  which  in  some  other  particulars  retains 
oeosophagusj  /, stomach;   the  larval  type  of  conformation  (S  289);  while  tbe 

:;ttriL''l^e"cio'.»T^   ^^^T.t^f.'}''  y°°"S  Amaroucium  at  a  later  ^ 
h«art.  nod  (Fig.  247)  corresponds  rather  with  that  of  the 

Didemnian  group,  in  which  the  post-abdomen  is  not 
developed,  than  with  that  of  the  PolycUnxans,  which  it  is  nltimatelj  to 
possess  (Fig.  121).  The  elongation  of  the  posterior  portion  so  as  to  fonn 
the  post-abdomen  (inclosing  the  heart  and  generative  apparatus),  does  aot 
commence  until  towards  the  end  of  the  second  week  ;  when  the  fonnatioB 
of  the  genital  organs,  from  a  mass  of  granular  matter  between  the  heart 
and  the  intestine,  begins  to  show  itself. — ^The  embryonic  development  of 
other  Ascidians,  solitary  as  well  as  composite,  takes  place  in  a  maaoer 
essentially  the  same  with  the  foregoing ;  a  free-moving  tadpole-like  lir« 
being  first  produced,  in  all  the  instances  in  which  the  process  has  bccnjet 
observed ;  and  this  attaching  itself  by  some  part  of  its  surface,  before  ^ 
development  of  the  future  organism  has  made  much  progress.* 

559.  The  embryonic  development  of  the  SalpicUe,  however,  present* 
some  very  curious  distinctive  features.  These  animals  exist  under  two  dis- 
tinct forms,  the  "solitary,"  and  the  ''aggregate;"  every  solitary  8^ 
having  an  aggregate  form,  which  answers  to  it  and  alternates  with  it  It 


Anntomj  of  more  ad- 
vanced embryo  of  Ama- 
roucium prolt'jferumf  show- 
ing its  progress  towards 
the  ndult  condition: — a, 
general  teguraentary  en- 
velop ;  h,  proper  tunic  of 
the  individual  ,*  c,  mouth ; 
e,  branchial  sao  ,*  /,  tho- 
racic sinus ;  h,  cloaca;  f, 
anus;    j\    ganglion;     k, 


>  In  addition  to  the  admirable  Memoir  of  Prof.  Milne  Edwards,  **Sar  les  Aaa^ 
Compos^es,"  see  those  of  Kolliker  (**Ann.  dcs  Sci.  Nat.,"  8*  S^r.,  torn.  ▼.),  V»nFeB^ 
den  (**Mdm.  dc  I'Acad.  Roy.  de  Bruxelles,"  torn,  xx.),  Huxley  (*«0n  Dolioliun  •»! 
Appendicularia,'*  "  Philos.  Transact.,"  1851);  and  Krohn  ("Miiller's  Archir.  "  i^ 
1853,  translated  in  "  Taylor's  Scientific  Memoirs"). 
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IS  in  tlie  iig*^rei^ate  Salpae  alone,  tbat  sexual  organs  ^xhi;  and  each  inclf- 
vidna!  contains  both  ovana  and  testes.  ^Nevertheless,  it  seems  probable 
that  they  are  not  self-fertiiizitig ;  since  the  development  of  the  spermatic 
organ  has  been  found  in  seireral  instances  to  be  moro  tardy  than  that  of  the 
ovary ;  so  that  it  is  probable  that  the  ovaries  of  nil  tlie  zooids  of  one  chain 
are  fertilized  by  the  spermatozoa  developed  by  another.  Each  zooid  nsnally 
produces  but  a  single  ovnm,  and  propagates  but  once  in  life;  and  thfa 
OTum  is  fertilized  whilst  yet  within  the  body  of  the  parent,  doubtless  by 
spermatozoa  drav^n  in  with  the  branchial  current-  Instead  of  being  ex- 
pelled, however,  in  an  early  stage  of  its  embryonic  development,  the  ovum 
is  retained  within  tiie  body  of  the  parent ;  and  it  there  forms  an  adhesion 
to  a  peculiar  organ ^  that  resembles  in  all  essential  particulars,  the  placenta 
of  the  Mammal  (§  608)^  the  foetal  and  maternal  vessels  interpenetrating  as 
It  were,  without  communicating,  in  such  a  manner  as  to  allow  the  transuda- 
tion of  fluids  from  one  to  the  other.  The  embryo  does  not  become  detach- 
ed, until  the  greater  number  of  its  organs  have  nearly  attained  their  full 
development ;  the  alternating  pnlsaftons  of  the  heart  so  characteristic  of 
the  class  (g  234),  together  with  the  respiratory  movements,  having  been 
established  for  some  time ;  and  the  internal  stolon  from  jvhich  the  gemmee 
are  to  be  put  forth,  being  already  present  in  the  form  of  a  short  delicate 
filament,  whose  edges  possess  serrations  that  indicate  the  points  of  origin 
of  tht  fatnre  buds. 

560,  Thus,  starting,  as  before,  from  the  completion  of  the  Generative 
met,  we  find  a  ''  solitary"  Salpa  produced,  which,  like  the  first-formed  Com- 
pound AscidiaHj  has  the  power  of  multiplying  its  kind  by  gemmation;  and 
the  chief  dilTerencc  between  the  two  cases  consists  in  this,  that  the  original 
Sai[m-stoek  never  evolves  true  generative  organs  in  its  own  body,  but  that 
these ^  as  in  the  nydraform  Zoophytes,  are  developed  in  distinct  zooids^ 
which  have,  like  the  solitary  Salpa,  the  power  of  free  locomotion,  and 
which  thus  propagate  the  race  in  distinct  localities.  To  speak  of  the 
'*  solitary"  and  "  aggregate"  Salpai  as  constituting  two  distinct  generations, 
is  to  affirm  that  the  former  are  complete  organisms;  but  as  they  never 
eTOive  true  generative  organs,  it  is  obvious  that  they  have  no  title  to  be  so 
regarded,  since  the  evolution  of  the  genital  apparatus  is  essential  to  the 
perfection  of  every  fully-organized  individual.  The  character  of  the  species 
must  include,  as  is  now  generally  admitted,  both  the  forms  under  which  it 
is  manifested  j  and  it  is  necessary  to  bring  together  the  entire  aeries  of  vital 
actions  performed  by  both,  in  order  to  possess  that  complete  physiological 
history  of  any  species  of  Salpa,  which  is  afforded,  in  higher  animals,  by  the 
life  of  any  single  individual,  if  hermaphrodite,  or  by  that  of  any  pair,  if 
diceeious.  The  production  of  the  "aggregate"  Salpm  must,  it  Is  evident, 
be  regarded  as  a  process  oi  dcvelopmeni,  whilst  that  of  the  "solitary"  is  the 
only  imc  generation;  consequently,  this  example  does  not,  any  more  than 
those  already  cited,  afford  support  to  the  doctrine  of  "Alternation  of 
Generations/'  although  usually  cited  as  one  of  its  most  characteristie  m- 
stances. — It  is  interesting  to  remark  in  conclusion,  that,  through  the  whole 
of  this  very  interesting  group,  we  find  a  provision  for  the  dispersion  of  each 
species,  in  one  state  or  another  of  its  existence.  In  the  Ascidians,  it  is  the 
embryo  which  is  self-moving,  and  the  adult  which  is  fixed ;  whilst  in  the 
SaJjmifts,  it  is  the  embryo  which  is  fixed,  and  the  adult  which  is  Hclf- 
[loving.  In  the  one  case,  as  in  the  other,  the  motions  appear  to  be  purely 
tttornatic;  but  in  the  embryo  they  are  performed  by  those  simple  rhythmi- 
cal contractions  in  cellular  tissues,  which  correspond  with  those  of  the  heart 
in  the  early  sta^^e  of  its  development  {§  255);  whilst  in  the  adult  they 
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seem  to  be  reflex,  depending  on  the  instrumentality  of  nerves  and  mus- 
cles.* 

561.  In  the  Conchiferous  Acephala,  we  meet  with  no  indication  whatever 
of  the  power  of  gemmiparous  multiplication ;  the  true  Generative  process 
being  the  only  means  by  which  their  reproduction  is  accomplished,  alike  in 
the  Brachiapoda^  and  in  the  Lamellihranchiata.  In  the  former  of  these 
groups,  according  to  Prof.  Owen,"  the  male  and  female  organs  are  disposed 
in  distinct  individuals ;  the  observations  on  which  this  conclusion  rests, 
however,  are  by  no  means  sufficient  to  determine  this  question,  as  will  pre- 
sently appear.  Among  the  animals  of  the  latter  group,  also,  it  has  been 
generally  believed  in  recent  years  that  the  sexes  are  usually  separated; 
spermatozoa  having  been  found  in  the  generative  glands  of  some  individuals, 
and  ova  in  those  of  others.  Hermaphrodism  had  been  recognized,  how- 
ever, in  Pecten,  Cyclas,  and  Ciavagella,  each  of  these  genera  possessing 
distinct  testes  and  ovaria ;  and  from  the  recent  researches  of  Dr.  Davain^ 
upon  the  Oyster ^  it  appears  not  improbable  that  this  attribute  may  be  more 
generally  diffused  through  the  group  'than  has  been  supposed,  although 
there  is  no  ostensible  coexistence  of  two  sets  of  sexual  organs.  The  gene- 
rative gland  of  this  genus,  at  the  period  of  reproduction,  is  very  large, 
surrounding  the  mass  formed  by  the  digestive  apparatus,  and  extending 
towards  the  hinge ;  at  other  times,  however,  this  organ  so  completely  dis- 
appears, that  scarcely  any  traces  of  it  can  be  detected.  This  body  is  some- 
times found  to  contain  masses  of  sperm-cells  and  spermatozoa,  whilst  in 
other  instances  it  is  turgid  with  ova;  and  hence  the  conclusion  that  these 
animals  are  bi-sexual,  appeared  a  natural  one.  Dr.  Davaine  has  met  with 
many  instances,  however,  in  which  this  body  contained  both  spermatozoa 
and  ova,  these  individuals  being  consequently  hermaphrodite ;  and  he  ap- 
pears to  have  satisfactorily  proved  that  this  hermaphrodism  is  not  an  acci- 
dental or  abnormal  occurrence,  but  that  it  presents  itself  as  part  of  the 
regular  history  of  the  genus.  For  it  appears  that  the  spermatozoa  are  follj 
evolved,  before  any  trace  of  ovules  can  be  seen,  so  that  individuals  exam- 
ined in  this  stage  would  be  accounted  males;  on  the  other  hand,  bv  the 
time  that  the  ova  are  fully  evolved,  the  spermatozoa  have  entirely  disap- 
peared, so  that  individuals  examined  in  this  stage  would  be  regarded  as 
females;  but  there  is  an  intermediate  period,  at  which  the  ova  may  be 
distinctly  recognized  as  such,  before  the  spermatozoa  have  ceased  to  he 
distinguishable,  being  that,  probably,  at  which  the  fecundation  of  the  ora 
takes  place.  The  gland  seems  to  be  made  up  of  distinct  vesicles,  some 
evolving  sperm-cells,  and  others  germ-cells,  without  any  excretory  dnct; 
little  groups  or  islets  of  these  vesicles,  in  which  the  sperm-cells  occupy  the 
interior  and  the  ova  the  exterior,  being  inclosed  in  a  network  of  areolar 
tissue.     By  the  bursting  of  the  former,  and  the  emission  of  their  sperma- 

'  For  the  most  recent  information  on  the  Reproduction  of  the  Salpse,  the  foIIoiriBg 
Treatises  and  Memoirs  should  be  especially  consulted:  "Observations  sur  Ic  G^ner** 
tion  et  le  D6veloppement  des  Biphores,"  by  M.  Krohn,  in  »*  Ann.  des  Sci.  Nat.,"  8*Se% 
Zool.,  torn,  vi.;  "Fauna  Littoralis  Norvegice,"  by  M.  Sars,  1846;  Huxley  "OnSalpi 
and  Pyrosoma,"  in  "Philos.  Transact.,"  1851;  and  Leuckart,  <*  Zoologische  Vultia' 
suchungcn,"  Heft  2,  1854. — Mr.  Huxley's  view  of  the  relation  of  this  case  to  the 
general  theory  of  **  Alternation  of  Generations"  exactly  corresponds  to  that  which  h*i 
been  previously  put  forth  by  the  Author. 

'  "On  the  Anatomy  of  the  Terebratula,"  in  Mr.  Davidson's  Monograph  on  the 
"  British  Fossil  Brachiopoda"  (published  by  the  Palicontographical  Society),  vol  i., 
Introduetion,  p.  21. 

'  See  his  **  Recherches  sur  la  Generation  des  Huitres,"  in  the  *«  M^moires  lus  i  1* 
Society  de  Biologic,"  1852. 
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toxoa,  tlic  ova  umsi  be  fertilized  some  lime  Ijefore  Iher  qait  tbe  oTariimj, 
The  J  appear  to  be  set  frae  from  this  by  the  rujiturc  of  its  enTelops,  aud  to 
fall  into  tlie  visceral  cavity;  from  which  they  tind  llieir  way  (in  what  man- 
ner  is  not  known)  to  the  general  cavity  of  the  shell,  wherein  they  are 
retained  nntil  the  embryos  have  nearly  acquired  the  organization  of  their 
parents* — In  many  Conch ifera,  a  distinct  layer  of  albumen  is  found  be- 
tween the  yolk*meml>rane  and  tlie  general  envelop  ;  and  this  is  sometimes 
so  considerable  in  amount,  that  the  yolk-bag  forms  bnt  a  small  proportion 
of  the  whole  ovum. 

5<S2,  The  history  of  Embryonic  Development  has  been  less  studied  in 
this  class  than  in  most  others ;  and  the  obserTations  wliich  have  been  made 
upon  it,  are  far  from  possessing  the  completeness  now  required  by  science.* 
According  to  the  observations  of  Pe  Quatrefages  upon  Teredo,  the  first 
segmentation  of  the  vitellus  takes  place  in  the  usual  manner ;  but  thetine' 
forward  the  binary  subdivision  of  the  two  halves  goes  on  at  a  very  unequal 
rate.  The  rapid  multiplication  of  segments  in  one  half^  caujses  thes^e  to 
wrap  round  or  enfold  the  other  half,  even  before  the  latter  l\m  undergone 
any  further  segmentation;  and  liy  a  continuance  of  the  same  process,  a 
peripheral  layer  of  cells  is  formed  (reminding  us  of  the  outer,  layer  of  the 
blastodermic  membrane  in  yertebrata),  whieli  is  destined  to  be  converted 
into  the  mant!e  aud  its  branchial  cjctensious  (as  well  as,  probably ^  into  the 
shell)  f  Mhilst  the  cells  which  originate  in  the  contained  segment,  are  sub- 
sequently metamorphosed  into  the  visceral  mmB.  The  superficial  cells 
speedily  become  covered  with  cilia;  and  the  embrj'O,  which  is  at  tirst  made 
to  execute  a  rotatory  movement  by  their  vibration,  is  soon  carried  freely 
about  by  their  instrumentality.  It  cannot  be  perceived  to  issue  from  the 
envelop  of  the  ovum ;  but  this  gradually  moulds  itself  upon  its  surface,  and 
thins  away,  so  that  the  cilia  apparently  project  from  its  exterior.  A  cleft 
shows  itself  after  a  time  in  the  ]ieripheral  layer,  whicli  gradually  deepens, 
and  divides  it  into  the  two  lobes  which  the  mantle  thenceforth  exlubita. 
As  the  development  of  the  permanent  organs  advances,  the  cilia  of  the 
general  surface  dis^appear;  but  a  peculiar  biJobed  organ,  bearing  long  cilia, 
is  developed  from  the  region  of  the  mouth ;  and  this  seems  not  only  to  serve 
as  an  organ  of  locomotion,  but  also  (according  to  Davaine)  as  the  means 
of  bringing  fond  to  the  mouth,  like  the  rotatory  organs  of  liotifera.  It  is 
refjrcsented  by  tl)C  last-named  observer  as  having  at  first  the  form  of  a 
hollow  cylintler,  but  as  becoming  gradually  nan-owed  at  its  base,  so  as  to 
present  more  of  a  funnel-shape;  tlie  constriction  progressively  increasing, 
uutil  the  organ  is  entirely  detached  from  the  body  of  the  embrjo.  This 
hap[)cns  when  the  cilia  clothing  the  inner  surface  of  the  mantle,  and  also 
covering  the  V)ranchin3,  first  come  into  activity  j  and  it  is  then,  too,  that  the 
action  of  the  heart  and  the  circulation  of  the  blood  first  becomes  cbstiu- 
guishable.  With  the  exception  of  the  ciliated  organ,  the  entire  embryonic 
ma^ris  seems  to  undergo  a  gradual  transformation  into  the  permanent  fabric 
of  the  MoUnsk.  In  the  embryo  of  Anadon,  there  is  found,  in  the  angle 
fonoed  by  the  junction  of  the  two  lateral  halves,  a  short  hollow  cylinder, 

1  See  Carus  and  De  QunUofii^es  on  Jnodon,  in  **NoTtt  Acta  Nat.  Cur./*  totn.  xr'u, 
and  **Auii.  des  Sci.  Nut,,"  2"  Si^r.^  ZooL,  torn,  iv.,  v.;  D©  QuAtrefagca  on  Ttredo^ 
••Ann,  Jt.g  ScL  Nat./*  3*  f^er^  iCool,,  torn.  li^. ;   and  Dn^vftiDO  on  OtfMer  (he.  cU,). 

*  It  is  affirmed  bj  Dg  Quntrcfngos  (who  a<!tforilB  on  this  point  with  Sorrea),  that  the 
bitalve  shell  la  formed  liy  the  calciRcatloD  of  the  **OTnrian  co^elop/*  or  TitcUine  mom- 
brnu«,  of  the  omm.  The  Author  cannot  bnt  beUevej  howeTpr,  that  diere  has  been  &ome 
error  of  observation  or  of  inferenco  npon  this  point ;  and  tbut  the  aheE  is  formed  by 
the  tiii^'ificaiion  of  the  outer  Inyer  of  the  cells  of  the  embryonic  mass. 
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the  "organ  of  the  byssus,"  from  which  proceeds  a  transparent  byssus  of 
extraordinary  length ;  and  it  is  remarkable  that  this  organ  should  be  deve- 
loped in  Lamellibranchiata  which  possess  no  byssus  in  the  adnlt  condition. 
The  foot  is  one  of  the  last  organs  to  be  evolved,  bs  might  be  expected, 
when  it  is  borne  in  mind  that  it  is  an  organ  belonging  to  only  a  part  of  the 
group ;  thus  presenting  another  example  of  the  principle,  that  the  more 
special  condition  arises  out  of  the  more  general. 

563.  In  the  aquatic  orders  of  the  class  Gasteropoda,  we  still  find  the 
sexes  distinct.     Among  the  least  active  forms  of  this  gronp,  such  as  the 
Patella  and  Chiton^  it  is  probable  that  fertilization  is  effected,  as  in  the 
Conchifera,  without  the  actual  congress  of  two  individuals ;  but  in  the  higher, 
the  spermatic  duct  of  the  male  terminates  in  a  projecting  organ,  adapted 
to  convey  its  fluid  within  the  oviduct  of  the  female.     In  the  aquatic  Ghlste- 
ropoda  possessing  spiral  shells,  the  ovary  in  the  female  and  the  testes  in 
the  male  occupy  a  corresponding  position — ^the  higher  part  of  the  cavity  of 
the  shell.     In  the  Paludina  vivipara,  the  ova  are  delayed  in  a  dilatation 
of  the  oviduct  near  its  extremity,  until  the  young  are  so  completely  matured, 
that  they  are  hatched  there,  so  as  to  pass  out  alive ;  but  in  most  if  not  in 
all,  other  cases,  they  are  deposited  by  the  parent,  before  the  development 
of  the  embryo  has  proceeded  far.     Frequently,  however,  they  are  provided 
with  an  additional  protective  covering  or  nidamenium,  which  is  formed  by 
large  glands  situated  near  the  termination  of  the  oviduct.     This  "nid*- 
mcntum"  has  different  forms  in  the  several  species  which  produce  it    In 
some  instances  it  is  a  sort  of  gelatinous  mass,  in  which  the  ova  are  im- 
bedded with  greater  or  less  regularity;  such  masses  are  attached  by  the 
common  LymruBus  to  water-plants ;  but  those  most  remarkable  for  size  and 
regularity  are  deposited  by  the  Nudihranchiata.    Thus,  Mr.  Darwin  speaks 
of  one  produced  by  a  Doris  of  the  Falkland  Islands  about  31  inches  long, 
which  measured  nearly  twenty  inches  in  length  by  half  an  inch  in  breadth; 
and  which,  on  a  moderate  computation,  must  have  contained  600,000  eggs, 
a  number  which  is  far  from  being  without  parallel  in  these  most  fertile  ani- 
mals.    But  in  general  the  nidamentum  is  composed  of  a  large  number  of 
distinct  sacs,  each  containing  a  few  eggs ;  and  these  are  connected  together 
by  a  sort  of  footstalk.     In  the  common  Buccinum  undatum  (whelk),  these 
sacs  are  flattened  spheres,  and  are  united  together  in  the  manner  of  bandies 
of  fruit ;  very  large  masses  of  them  are  often  to  be  picked  up  on  our  shores. 
In  the  Pyrula,  they  are  flattened  disk-like  cases,  united  into  a  single  string 
by  a  pedicle  connecting  the  centre  of  each  disk  with  that  of  the  next— 
The  pulmoniferous  Gasteropoda,  on  the  other  hand,  are  hermaphroditei 
each  individual  possessing  male  and  female  organs ;  they  are  not  usnaDf 
capable,  however,  of  self-impregnation,  the  congress  of  two  being  neces- 
sary, and  each  fertilizing  the  ova  of  the  other ;  yet  it  has  been  lately  ob- 
served, in  several  instances,  that  individuals  of  Lymrneus  BtaynaUs,  reared 
solitarily  from  the  e^g,  have  produced  fertile  ova.     The  eggs  of  these 
species  arc  deposited  singly  in  the  earth,  and  are  hatched  by  the  warmth  of 
the  sun ;  and  they  arc  capable  of  being  dried  up  or  frozen  without  the  loss 
of  their  fertility. — The  Generative  apparatus  in  the  active  little  Pteropoda 
nearly  resembles  that  of  the  pulmonated  Gasteropods ;  the  male  and  female 
organs  are  united  in  the  same  individual,  but  the  congress  of  two  is  ^^ 
quired.     In  the  Clio,  which  alone  has  been  minutely  examined  in  this  re- 
spect, the  male  organs  are  of  very  large  size ;  the  testis  occupying  a  great 
part  of  the  cavity  of  the  body,  and  the  penis  being  of  extraordmaiy  length. 

664.  The  history  of  the  Embryonic  development  of  Gasteropoda  presents 
a  series  of  facts  of  great  interest ;  and  as  this  class  may  be  considered  as 
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the  type  of  the  Mo1!ubco«s  ^onp,  we  may  probably  rep:arfl  tbe  course  of 
its  development  m  that  which  is  most  characteristic  of  the  sub-kingdom  as 
&  whole.  Numerous  and  vahiable  obaervations  have  been  made  upon  the 
evolution  of  the  ova  of  various  members  of  the  class,  both  "testaceous" 
and  *'aaked;"  and  it  may  he  stated  as  their  uniform  result,  that  the  young 
of  the  latter ,  as  weU  as  of  the  former,  are  provided  with  a  simple  spiral 
shell  at  their  exit  from  the  egg^  although  they  may  subsequently  ea^t  this 
off ;  and  further,  that  the  young  of  the  aquatic  species  are  provided  with 
instruments  for  locomotion,  which  they  do  uot  possess  ia  their  aduH  condi- 
tion ;  the  obvious  purpose  being  here,  as  in  other  cases,  to  disperse  them 
over  a  wider  area  than  that  through  which  the  sluggish  movements  they 
perform  in  their  perfect  state  would  enable  them  to  extend — ^Thc  ova  of 
Gasteropoda  generally  contain  a  considerable  amount  of  albumen,  sur- 
roanding  the  vitelline  sac  ;  and  this  is  ^subsequently  ahsorlied  into  the  em- 
bryonic mass,  in  proportion  as  the  material  directly  supplied  by  the  yolk  is 
exhausted.  The  most  minute  account  yet  given  of  the  embryonic  develop- 
ment of  any  Gasteropod,  being  that  of  M.  Yogt,  whose  observations  were 
made  upon  Acteon  vtridu^  one  of  the  Nndibranehiate  order,  it  will  be  from 
this  source  that  the  following  sketoh  will  be  chiefly  derived.— The  early 
changes  which  the  yolk  undergoes,  are  conformalde  in  all  essential  particu- 
lars to  the  ordinary  type ;  save  that,  as  in  the  Conchifera,  the  process  of 
segmentation  divides  it  into  unequal  instead  of  equal  parts ;  and  that  in 
this  mode,  a  tlistinction  is  very  early  manifested  between  a  peripheral  layer 
of  small  cells,  and  the  included  mass  of  which  the  cells  are  much  larger. 
It  is  not  certain,  however,  that  this  peculiarity  is  common  to  Gasteropoda 
generally.  When  the  subdivided  yolk  has  attained  the  condition  of  the 
"mulberrj'  mass,'*  a  curious  alternating  revolution  begins  to  take  place  in 
this  body,  within  the  egg;  two  or  three  turns  being  made  in  one  direction, 
and  the  same  number  in  a  reverse  direction.  This  movement,  which 
seems  due  to  ciliary  action,  may  be  well  observed  in  the  ova  of  the  cora- 
moo  Lytnnmm  sta^alts,  in  which  it  continues  during  a  large  portion  of 
the  period  that  elapses  before  the  escape  of  the  embryo  from  the  ovum. 
The  eiubrj^onie  mass  soon  begins  to  show  a  bilateral  sjrrametry ;  and  be- 
fore very  long,  a  subdivision  is  indicated  into  the  anterior  or  cephalic 
portion,  and  the  posterior  or  visceraL  The  parts  which  are  firfe>t  de- 
veloped, are  by  no  means  those  which  are  most  characteristic  of  the 
adult ;  for  the  cephalic  portion  is  soon  extended  on  each  side  into  a  lobe 
bearing  a  superficial  resemblance  to  the  findike  expanse  of  the  Pteropoda 
(Fig.  46),  which  is  furnished  with  long  cilia  (Fig,  248,  h)\  it  is  also  ob- 
served to  contain  the  auditory  vesicle,  or  rather  its  '^  otolithe'^  (k),  which, 
although  so  early  developed,  remains  in  the  same  rudimentary  state  during 
the  whole  of  life  j  and  it  is  from  this  part,  also,  that  the  prominence  (*)  13 
pat  forth,  which  is  afterwards  to  be  evolved  into  the  foot  or  muscular  disk  of 
the  animal  Tlie  formation  of  these  parts  has  made  considerable  progress  by 
the  end  of  the  fourth  day  after  the  deposit  of  the  fertilized  ovum,  when  the 
ventral  portion  of  tbe  embr)M>  merely  consists  of  a  mass  of  cells,  in  which 
not  even  the  outline  of  its  future  organs  can  life  seen,  though  a  breaking  up 
of  the  mass  into  groups  of  cells  begins  to  show  itself.  On  the  next  day, 
the  s^hell  first  makes  its  appearance,  as  a  very  thin  layer  over  the  lower  part 
of  the  ventral  mass;  and  this  extends  itself  on  subsequent  days,  until,  by 
the  eighth,  it  becomes  large  enough  to  inclose  the  embryo  completely, 
when  the  latter  contracts  itself  (b,  m  m').  During  this  period,  the  forma- 
tion of  the  internal  organs  is  rapidly  taking  place ;  for  at  lU  termination, 
ihQ  stomach,  r,  and  intestine,  s,  are  clearly  distinguishable,  as  is  also  the 
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saspensor  muscle,  u ;  bat  the  liyer,  which  is  so  important  and  characteris- 
tic an  organ  in  this  group,  exists  only  as  a  mass  of  untransformed  cells  (p). 
The  movements  of  the  embryo  now  change  their  character;  it  projects 


Fig.  248. 


Development  of  embryo  of  Acteon  viridia,  as  seen  in  the  lateral  atpeot : — a,  at  the  end  of 
the  fourth  day ;  B,  seventh  day  ;  c,  twenty-fifth  day ;  h,  rotatory  organs ;  i,  foot ;  k,  aoditorj 
yesicle  ;  /,  ventral  portion  of  the  embryo  ;  m,  mf,  shell ;  pf  liver;  r,  stomach;  «,  intestine;  «, 
saspensor  mnscle  ;  y,  black  pigment  of  the  hood  of  the  mantle. 

itself  from  the  shell,  expands  its  ciliated  lobes  (Fig.  48),  sets  the  cilia  in 
vibration,  and  after  a  while  draws  itself  into  its  shell  agaiD,  very  mudi 
after  the  manner  of  a  Rotifer  or  a  Bryozoon ;  and  when  it  is  completely 
retracted,  the  foot  closes  the  orifice  of  the  shell,  like  an  operculum.  It  is 
curious  to  trace  the  regular  rhythmical  movement  of  rotation  gradi^y 
giving  place  to  these  less  constant  and  apparently  more  spontaneous  ac- 
tions. At  the  period  when  the  embryo  is  ready  for  emersion,  its  move- 
ments  have  become  as  active  as  the  narrowness  of  its  prison  permits ;  and 
when  it  is  set  free  by  the  rupture  of  its  envelop,  it  swims  forth  by  the  action 
of  its  ciliated  lobes,  these  also  serving  to  bring  food  into  its  month,  which 
does  not  possess  at  this  period  any  trace  of  the  reducing  apparatus  subse- 
quently to  be  developed.  Its  condition  at  that  time  is  seen  at  c ;  tbc 
principal  change  from  the  state  shown  in  the  preceding  figure  being  in  the 
condition  of  the  liver,  which  is  now  in  progress  of  transformation  into  the 
perfect  type.  The  **  mantle,"  also,  is  now  very  distinct  from  the  subjacent 
parts. 

565.  The  subsequent  history  of  the  process  has  not  been  fully  traced  cat; 
but  it  is  doubtless  in  this  earlier  portion,  that  its  chief  peculiarity  consists. 
The  transformation  of  the  entire  yolk  into  the  substance  of  the  embryo,  uoA 
the  origination  of  all  the  organs  of  the  latter  in  the  cells  that  are  formed 
by  the  subdivision  of  the  fonner,  is  doubtless  a  very  important  feature  in 
the  process.  The  order  in  which  the  organs  are  evolved — ^the  ciliated  lobes 
and  foot,  the  otolithes  and  auditory  vesicles,  the  shell,  the  mantle  ajid 
operculum,  the  liver  and  intestine — is  also  extremely  remarkable.  But  the 
most  curious  fact  of  all,  and  the  one  which  is  most  significant  of  the  pre- 
dominance of  the  organs  of  vegetative  over  those  of  animal  life,  in  this 
group,  is  the  entire  absence  of  all  trace  either  of  Nervous  or  Circulating 
systems,  at  a  time  when  the  general  structure  of  the  embryo,  and  especially 
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the  Yiscerftl  apparatus,  has  made  such  great  progress ,  as  to  enable  it  to  lead 
an  active  life,  and  to  digest  and  assLiniiate  its  own  food  immediately  on  its 
emersion  from  the  egg.  Further,  it  may  be  observed  in  the  course  of  this 
development,  that  the  progress  from  the  general  to  the  special  is  on  the 
whole  extremely  well  marked ;  the  difference  being  first  maiiifcsted  between 
the  containing  and  the  contained  parts,  then  between  the  cephalic  and  vis- 
ceral, and  then  between  the  several  gronps  of  cells  into  which  the  compo- 
nent mass  of  the  latter  hreaka  np,  each  taking  on  its  own  distinct  method 
of  erolntion. 

566.  A  very  cnrions  phenomenon  has  been  noticed  by  sercral  observers, 
which  seems  like  an  imperfect  gemmiparotis  production  in  the  early  embryo. 
It  is  not  unfrequently  seen  that  some  of  the  cells  of  the  vitelline  mass  detach 
themselves  from  the  principal  cluster,  become  clothed  with  long  cilia,  and 
continue  to  move  about  actively  within  the  egg,  until  the  escape  of  the  em- 
bryo. It  is  even  affirmed  by  Nordnann,  that  they  increase  by  partial  sub- 
dLvision,  and  that  thus  from  a  single  detached  cell  may  be  produced  a  cluster, 
having  a  very  definite  form,  and  furnished  with  long  cilia,  so  as  very  strongly 
to  resemlile  a  parasitic  animal  It  has  not  been  shown,  however,  that  these 
bodies  ever  advance  to  a  higher  condition,  or  are  capable  of  generating  their 
kind ;  and  the  correct  view  ia  probably  to  regard  them  (with  Vogt)  simply  as 
portions  of  the  embryonic  mass,  exactly  resembling  those  that  form  the  ciliated 
lobes,  which  being  detached  from  the  rest,  preserve  their  vitalrty  for  an  no* 
usually  long  time  -,  such  vitality,  however,  not  being  different  in  kind  from 
that  of  an  ordinary  ciliated  epithelium-cell,  though  greater  ia  degree. — ^It  is 
affirmed  by  Agassiz,  however,  that  the  viteOino  mass  sometimes  divides 
itself  spontaneously  into  two  portions,  and  that  each  of  these  may  become 
a  perfect  anirnalj  which  statement,  if  correct,  adds  confirmation  to  the 
doctrine  already  put  forth  (§  480)  respecting  the  origin  of  double  monsters. 
On  the  other  hand,  in  certain  Pectinibranchtata  (if  there  be  no  fallacy  in 
the  recent  observations  of  MM.  Koren  and  Danielssen),  several  vitelline 
masses — even  to  the  number  of  a  hundred  or  more — developed  from  distinct 
ova,  coalesce  to  form  a  single  embryo  ;  a  phenomenon  which,  so  far  as  is  at 
present  know^l,  has  no  parallel,  either  in  the  Animal  or  in  the  Vegetable 
kingdom,* 

5GT.  All  the  species  of  the  class  CephaUpoda,  so  far  as  is  at  present 
known,  are  dtcccions,  the  male  and  female  organs  being  disposed  on  sepa- 
rate individual  I?.  There  is,  nevertheless,  a  remarkable  similarity  between 
these  organs?,  both  in  their  general  aspect,  and  in  certain  peculiarities  which 
they  present.  The  testis  of  the  male  consists  of  a  capacions  membranous 
B^xt^  which,  when  opened,  is  found  to  contain  a  mass  of  short  branching 
CDBCa,  attached  to  a  small  portion  of  its  inner  surface  ;  these  cscca,  however, 
have  not  any  orifice  for  the  discharge  of  their  seeretion,  which  appears  to 
escape  into  the  general  cavity  by  the  rupture  of  their  walls.  From  this 
cavity  it  is  conveyed  by  a  duct,  whiclt,  after  passing  through  other  accesfior}* 
glandular  structures,  enters  a  wide  muscular  sac,  where  a  remarkable  change 
is  effected  in  the  condition  of  the  spermatozoa,  A  number  of  them  are 
clustered  together,  and  inclosed  in  peculiar  fh vestments,  which  are  known 
under  the  name  of  gpermatophoraf  or  ihe  moving  Jilamenl^  of  A^eedkam^  and 

*  Ou  the  EmbTjokgj  of  the  Gasteropoda,  seo  e^eoially  the  admirjiblo  Memoir  of  M. 
Vogl»  in  t(io  •*  Ann.  (.k*u  Sd*  Nat,"  3*  S^r.,  Zool,  torn.  tL,  and  tho  Tarioua  precediag 
Idetnoirfi  tlicrc  referred  to;  the  Alemoir  of  SI.  Nordounn  on  Tfr^ipe^^  op.  ciL,  torn.  v. ; 
tbe  Le€lura«  of  Prof.  Agaeai^  on  ^^ComporatiTe  Embryology  j"  and  tbe  Meoioirs  of  MM. 
Koren  mn^  DanielsHen,  on  the  dcTelopment  of  Bwcmum  undatum  and  Fur^mrfi  Upillui 
In  "Ann.  des  Sd*  Nat,"  8»  S^r.,  Zq&I,  torn*  stiii.i  xix. 
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which  arc  obyioasly  analogous  to  the  nidamental  inTestments  of  the  ova  m 
the  female.  These  are  from  half  to  two-thirds  of  an  inch  in  length ;  and 
each  consists  of  an  external,  transparent,  and  cylindrical  case,  in  which  is 
contained  the  proper  sperm-sac.  A  little  more  than  the  anterior  third  of 
this  is  spirally  disposed,  and  to  this  part  Needham  applied  the  term  screw; 
next  follows  a  short  portion,  which  he  calls  the  sticker;  then  a  still  smaller 
and  cup-shaped  part ;  and  lastly  an  oblong  and  spongy  bag,  in  which  are 
contained  the  minute  spermatozoa.  When  moistened  with  water,  these 
bodies  commence  a  series  of  alternate  contractions  and  relaxations,  by  which 
the  filament  within  is  moved  forwards,  and  the  screw  with  its  compressed 
spire  is  thrust  forcibly  against  the  anterior  part  of  the  capsule.  This  cap- 
sule in  a  short  time  becomes  ruptured ;  by  degrees  the  cup  and  sncker  ad- 
vance ;  and,  as  soon  as  they  have  escaped  from  the  end  of  the  cylinder,  the 
spongy  tail  is  forcibly  driven  out,  and  generally  with  so  much  violence  as 
to  break  it  into  several  pieces,  thus  giving  exit  to  its  contained  spermatozoa. 
These  movements  are  certainly  not  caused  by  the  exercise  of  any  distinctly 
animal  powers  residing  in  the  spermatophora ;  but  they  are  partly  depend- 
ent upon  the  peculiar  properties  possessed  by  the  membranes  and  filaments 
in  relation  to  water,  but  they  are  exhibited  long  after  the  death  of  the 
Cephalopod,  if  the  filaments  be  taken  out  of  the  sac  and  placed  in  that 
fluid.  Their  function  is  thus  evidently  to  diffuse  the  spermatozoa  through 
the  surrounding  medium,  in  such  a  manner  that  they  may  find  their  way 
into  the  midst  of  the  large  clusters  of  ova  deposited  by  the  female ;  these 
are  probably  fertilized  after  their  extrusion  from  her  body  (as  in  Fishes  and 
Batrachia)  ;  since,  in  most  species  at  least,  the  intromittent  organ  does  not 
seem  long  enough  to  convey  the  fecundating  fluid  within  it.  As  to  the  de- 
gree of  actual  congress  between  the  sexes,  there  are  varioas  accounts,  pro- 
bably relating  to  different  species The  ovarium  of  the  female,  like  the 

testis  of  the  male,  consists  of  a  large  sac  with  thickened  waUs ;  and,  if  this 
be  opened  at  a  time  when  the  ovules  are  in  an  advanced  stage  of  develop- 
ment, it  will  be  found  to  contain  a  cluster  of  little  egg-shaped  bodies, 
attached  to  a  small  part  of  the  inner  wall  of  the  sac,  by  short  pedicles 
which  principally  consist  of  bloodvessels.  These  bodies  consist  of  a  por- 
tion of  the  substance  of  the  sac,  with  its  lining  membrane,  raised  up  by 
the  development  of  the  ovisacs ;  and  each  of  them  contains  an  ovule,  which, 
when  ready  for  extrusion,  escapes,  by  the  gradual  thinning  and  final  rup- 
ture of  it5  envelop,  into  the  general  cavity.  The  ruptured  membrane  re- 
mains in  the  form  of  a  cup ;  and  we  thus  witness  in  this  class  the  first 
appearance  of  the  calt/x,  which  is  developed  from  the  external  surface  of 
the  ovarium  in  the  oviparous  Vertebrata  (§  697).  From  the  cavity  of  the 
ovarium  proceeds  the  oviduct,  which  conveys  the  ova  into  a  glandular  body, 
where  they  receive  a  nidamental  investment,  the  nature  and  form  of  whid 
differ  in  the  various  species.  It  may  be  specially  mentioned,  however,  that 
the  shell  of  the  Argonaut  (Paper  Nautilus)  is  very  probably  to  be  regarded 
in  the  light  of  a  nidamental  receptacle  for  the  ova ;  as  it  is  peculiar  to  the 
female  of  that  animal,  and  the  eggs  are  attached  to  its  involuted  portion 
by  long  filamentary  stalks.  The  vitelline  sac  is  now  surrounded  (as  in 
Gasteropoda)  by  a  layer  of  fluid  albumen,  but  is  immediately  invested  by 
the  chorion  or  general  envelop. 

568.  The  generative  process  is  performed,  on  the  part  of  the  male  Ar^ 
naiitj  as  well  as  on  that  of  some  other  Octopods,  in  a  most  remarkable 
and  apparently  exceptional  manner.  One  of  the  arms,  instead  of  being 
developed  like  the  rest,  at  first  lies  coiled  up  within  a  sac,  which  is  attached 
to  the  body  by  a  peduncle  in  the  position  which  the  arm  would  occupy; 
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Its  iBOvemetits  loaj  be  readily  distiiiguislied  on  tlie  exterior ;  and  at  last 
thtse  become  so  violent  that  the  s^ac  ruptures,  and  the  arm  extends  itself, 
beiiring  the  remains  of  the  mo  (now  everted)  m  &  sort  of  fringe  (Fig.  249). 
This  arm  differs  externally  from  the  rest,  not  merely  in  the  greater  length 

Fig.  249- 


*  .  ^^ 


Bf^Ie  ^r^orteitt^^  gh owing  tbfe  Hecto^tj/im^tirm  after  iu  epieaj>6  From  the  inreBtiog  *»c?j  at  • 
ii  teen  the  extremity  of  the  doable  fritige  fprmcd  bj  thtt  erurted  membnuia  oT  tfa6  §m, 

and  diameter  of  its  encker-bearing  portion,  but  also  In  being  furnished  with 
a  peculiar  wMp-Hkc  prolongation,  which  bears  no  Buckersj  internally,  its 
structure  is  essentially  the  same  with  that  of  the  other  arms,  possessing  the 
same  arrangement  of  muscles  and  nerres  in  connection  with  the  suckers, 
but  being  also  furnished  with  a  seminal  duct,  which  is  prolonged  from  the 
icstia  contained  within  the  body  of  the  animal,  to  nearly  the  extremity  of 
the  wlilp-likc  appendage,  and  is  dilated  in  one  part  of  its  course  into  a  sac. 
At  a  certain  epoch  of  development,  this  arm  is  cast  ofl:\  and  becomes  aa 
independent  zooid,  moving  through  the  water  by  its  own  mnscniar  con- 
tmctions,  somewhat  after  the  manner  of  a  worm;  and  the  semirml  sac  and 
<lu('ts  are  then  found  to  bo  filled  with  a  substance  resembling  a  bundle  of 
threads,  which,  when  exumined  microscopically,  is  found  to  be  composed 
of  an  aggregation  of  spermatozoa.  In  this  condition  the  detached  arm  was 
long  since  observed  by  Delia  Chaje,  and  was  supposed  by  him  to  be  a 
imrasitic  worm ;  and  it  was  subsequently  described  by  Cuvier,  who  also 
considered  it  as  a  complete  animal,  under  the  name  of  Ilectocotylm.  Hav- 
ing beco  brought  by  its  movements  into  contact  with  a  female  of  its  own 
species,  the  Hectocotylus-arm  forthwith  effects  the  impregnation  of  its  ova, 
insintiating  its  filiform  prolongation,  in  the  manner  of  a  penis,  iuto  the  ori* 
duct.  How  long  the  lleetocotylna-arm  may  continue  to  live  after  its 
detachment,  is  not  yet  known  j  but  since  it  ha^  no  organs  of  digestion,  and 
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is  therefore  destitute  of  the  power  of  assimilating  food  for  itself,  and  since 
it  contains  no  testis,  and  must  therefore  be  incapable  of  secreting  a  fresh 
sup})ly  of  semen  in  place  of  tliat  wliich  has  been  discharged,  it  seems  pro- 
bable that  its  independent  existence  is  not  prolonged  after  its  generative 
function  has  been  once  performed.  In  fact,  we  may  regard  this  stranpe 
modification  and  detachment  of  the  Hectocotylus-arm,  as  answering  the 
purpose  of  the  spcrmatophore  of  other  Cephalopods ;  for  although  the 
whole  seminal  product  contained  in  the  body  of  the  Hectocotylus  is  inclosed 
in  one  enormous  spcrmatophore,  this  does  not  seem  to  possess  any  self- 
moving  power ;  and  it  is  not  by  its  means,  therefore,  but  by  the  movement 
of  the  Hectocotylus  which  incloses  it,  that  the  spermatozoa  are  brought 
into  the  necessary  proximity  with  the  ova  to  be  fertilized.  Whether  the 
male  Octopus  reproduces  the  Ilectocotylus-arm  after  its  detachment,  has 
not  yet  been  determined ;  the  probability,  however,  seems  strongly  in  favor 
of  its  doing  so.* 

569.  The  history  of  the  Embryonic  development  of  the  Cephalopoda, 
which  has  been  very  carefully  studied  by  Prof.  KoUiker,"  diflfers  in  many 
important  particulars  from  that  of  the  lower  MoUusca ;  and  these  are,  for 
the  most  part,  characters  of  approximation  to  the  Yertebrata.  For,  in 
the  first  place,  the  process  of  segmentation  does  not  take  place  in  the  whole 
yolk,  but  only  in  the  portion  of  it  nearest  to  the  embryonic  vesicle ;  and 
from  this  arises  a  cluster  of  cells,  which  lies  upon  the  surface  of  the  yolk, 
and  sends  out  an  extension  all  around.  This  extension,  the  representative 
of  the  *' germinal  membrane"  of  the  FowPs  egg,  constitutes  the  yolk-sac; 
whilst  from  the  original  cluster,  or  at  least  from  the  cells  of  its  outer  layer, 
are  produced  the  several  organs  of  the  embryo.  Thus,  when  the  process 
of  development  commences,  the  first  structures  are  seen  rising  oflF  (so  to 
speak)  one  end  of  the  yolk-sac ;  but  as  they  gradually  draw  to  themselves 
and  appropriate  the  substance  of  the  yolk,  the  embryonic  mass  increases, 
and  the  yolk-sac  diminishes ;  until  at  last,  at  the  time  of  the  emersion  of 
the  embryo  from  the  eggj  the  contents  of  the  yolk-sac  being  nearly  exhausted, 
it  presents  itself  as  a  mere  appendage  to  the  embryo. — The  mode  and  crier 
of  appearance  of  the  principal  organs,  are  very  different  from  what  we 
might  expect.  The  first  part  of  the  germ-mass  that  becomes  distinct,  is  » 
slight  central  elevation,  which  is  afterwards  to  become  the  visceral  portion, 
covered  with  its  mantle  (Fig.  250,  a,  b,  o,  a) ;  around  and  beneath  this,  on 
either  side,  is  an  elevation  (b)  that  subsequently  forms  half  of  the  fuimeiT 
the  two  halves  being  at  first  widely  separated  from  each  other ;  and  aronod 
this,  again,  is  a  bilobed  expansion  (c,  d)  which  forms  the  cephalic  portioi, 
each  lobe  bearing  one  of  the  eyes,  and  sending  off  from  its  nnder  side  (that 
nearest  the  yolk)  as  many  projections  (/)  as  the  species  is  to  possess  anns. 
The  position  of  the  mouth  (y)  is  indicated  at  the  junction  of  these  two  lobes. 

*  It  was  by  Prof.  KoUiker,  that  the  CepLalopod  nature  and  scxaal  functions  of  A» 
Hectocotylus  were  first  asserted ;  he  fell  into  the  mistake,  however,  of  sappoaiii^  it  ti 
be  an  entire  animal  (being  partly  led  to  this  idea  by  some  erroneous  statemesto  is  !• 
its  development,  furnished  to  him  by  Mad.  Power);  and  his  account  of  its  anfttomjvtf 
given  under  the  erroneous  influence  of  tliis  preconception  (see  **  Annals  of  Nst  ffi*" 
Tol.  xvi.,  1845,  "Linnoean  Transactions,"  vol.  xx.,  and  "Bericht  von  dcr  Konig&kA 
Zootomischen  Anstalt  zii  Wurzburg,  1849).  The  first  idea  of  the  tmtli  was  pzvsil- 
gated  by  Verany,  in  his  "  MoUusqucs  Mediterran6ens,"  1«  partie,  p.  128;  and  tkf 
completion  of  the  proof  Las  been  afforded  by  his  own  researches  in  coigiinctioii  inA 
those  of  M.  Vogt  (*'  Ann.  des  Sci.  Nat."  3«  S^r.,  Zool.,  torn.  xviL),  and  by  those  of  P»t 
II.  Miiller  ("  Siebold  and  KOlliker's  Zeitschrift,"  June  1852).  The  two  last-MBWd 
memoirs  are  translated  in  "  Taylor's  Scientific  Memoirs,"  Natural  History,  1853. 

*  "  Entwickelungsgcschichto  der  Ccphalopodcn ;"  Zurich,  1844. 


B^pe«f«lve  itages  of  DeTelo|imi»fit  of  ^Vpui : — a,  b,  t\  first  appcarniKic  of  p<?ndancat  parts 
ni  this  c;K(femitj  of  tbe  jolk^PA^i  as  seen  endwaj?,  «iduirajs^  and  ham  abore  ;  a,  man  tie;  h, 
fmiDel  completely  dltldod  in  lialf ;  r,iBnerj  and  d,  outer  cephalic  lobei^  t,  hmn^hm  ;/,  armsj 
3f,  month  :— n,  moro  a^lvanced  ojuliryo,  beginning  to  ricie  from  tbe  aurfa^e  of  tbo  yolk*iao : — 
er,  embfjo  be>gLnciag  to  present  the  A^rtii  <>r  the  perfect  animnL 

leriorly  into  a  fin-like  organ  on  either  side.  The  cephalic  lobes  are  etill 
(like  those  of  Gasteropoda)  Terj  large  in  proportion  to  the  rest  of  the  body; 
and  the  eyes  which  they  bear  are  very  early  developed  in  these  animals,  as 
if  for  the  purpose  of  g^niding  their  active  Tnovcmcnts  oa  their  emersion  from 
tho  egg  (e).  The  arms  increase  in  length,  extending  themselves  over  the 
yolk-»ac,  which  they  seem  (as  it  were)  to  embrace ;  and  thus  the  pedunck' 
by  which  it  i^  connected  with  the  embryo,  coraes  to  be  nearly  in  their  centre. 
The  development  of  the  various  organs  in  the  viaceral  mass  takes  place  in 
an  order  much  nearer  to  that  of  Vertebrata  than  to  that  of  Gasteropoda ; 
for  the  evolution  of  the  circulating  and  permanent  respiratory  apparatuii 
g'oe.s  on  pari  passu  with  that  of  the  digestive ;  and  that  of  the  nervous 
system  is  not  far  beltind.  At  the  time  of  the  escape  of  the  common  Sepia 
from  the  egg,  the  first  layers  of  its  shell  are  found  betiveen  the  folds  of  the 
mantle  in  the  dorsal  region  ;  the  ink-bag  is  charged  with  its  characteristic 
i^eeretion  ;  nearly  all  the  organs  characteristic  of  the  adnlt  are  distingdih- 
aldCt  though  not  as  yet  in  their  relative  proportions ;  and  the  young  animal 
is  capable  of  swimming  actively  through  the  water,  both  by  means  of  its 
I&tcral  fins  and  by  its  cephalic  arms,  which  are  furnished  with  a  connecting 
web  tlmt  remains  permanent  k  some  species.  The  yolk-bag  is  not  yet 
completely  emptied,  and  it  is  found  in  the  midst  of  the  circle  of  anns^  com- 
iniiuieating  with  the  stomach  by  a  duct  that  passes  down  parallel  to  the 
trsophftgns;  it  is  gradually  emptied  and  drawn  in.  boweTcr,  and  its  original 
eonneelion  is  only  indicated  by  a  ciecal  protrusion  from  the  anterior  part 
of  tbe  *•  crop, "—This  is  the  first  example  we  have  yet  encountered^  in 
wliich  the  embryonic  development  is  so  far  completed  within  the  egg,  that 
37 
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Fig.  251. 


the  yoang  animal  comes  forth  in  the  general  condition  of  its  parent ;  and 
it  seems  obviously  connected  with  the  fact,  that  the  yolk  is  here  formed  in 
much  larger  proportional  amount ;  so  that  it  serves,  not  merely  to  supply 
the  materials  for  the  production  of  the  first  embryonic  mass,  but  also  for  its 
continued  growth,  and  for  its  evolution  into  the  several  organs  characteristic 
of  the  adult  form. 

570.  We  now  return  to  a  much  simpler  order  of  phenomena,  that  is  pre- 
sented to  us  in  the  inferior  part  of  the  Articulated  series ;  in  which  we  find 
an  almost  complete  reversion  to  the  Zoopbytic  type, 
as  regards  the  repetition  of  similar  parts  in  the  seg- 
ments of  the  body,  the  formation  of  these  by  succes- 
sive gemmation,  and  their  power  of  independent 
existence.  This  is  especially  seen  in  the  lowest  En- 
tozoOf  the  simplest  of  whose  forms  (such  as  the  Grt- 
garina,  §  530)  carry  us  back  to  the  type  of  the 
Protozoa;  in  which  multiplication  takes  place  by 
mere  cell-division,  every  product  of  snch  division 
repeating  the  original  form,  and  being  able  to  lire 
detached  from  the  rest ;  whilst  the  proper  GkneratiTe 

act  is  one  of  simple  conjugation ^In  the  CeaM 

Entozoa,  however,  notwithstanding  the  very  imper- 
fect development  of  their  nutritive  system  (§  138), 
the  Generative  apparatus  presents  a  most  remarkable 
evolution.  Their  so-called  "body"  is,  indeed,  no- 
thing else  than  a  longitudinal  repetition  of  generatiye 
segments,  each  of  which  contains  both  sets  of  sexual 
organs,  and  appears  to  be  self-fertilizing.  The  testis 
or  spermatic  organ,  in  the  Tcmia  (Fig.  261,  b,  y), 
is  of  comparatively  small  size,  and  occupies  the 
centre  of  the  segment ;  its  product  is  conveyed  by 
the  convoluted  spermatic  duct  (/)  towards  the  geni- 
tal pore  (rf),  which  is  seen  in  the  middle  of  one  of 
-the  margins,  usually  alternating  from  one  side  to  the 
other  in  successive  segments.  In  the  same  spot  we 
find  the  termination  of  what  is  commonly  acconnted 
the  oviduct,  but  which  really  seems  rather  to  be  com- 
pared to  a  vagina  {e) ;  this  leads  to  a  spermotheca, 
or  dilated  receptacle  for  the  seminal  fluid,  as  also  to 
the  ovary.  This  last  organ,  in  other  Cestoidea  (and 
probably  also  in  the  Tsenia),  is  composed  of  two  dis- 
tinct parts,  opening  by  separate  canals ;  one  of  these 
furnishes  the  germinal  vesicles,  while  the  other  nip- 
plies  the  substance  of  the  yolk.  The  ova,  after  bdog 
fertilized,  pass  by  a  wide  canal  into  the  large  rami- 
fying uterine  cavity  (usually  designated  the  ovarion), 
which  occupies  the  greater  part  of  each  segment 
(c,  c) ;  and  there  they  remain  until  mature.  It  is  not  yet  certain  whether 
the  ova  pass  out  by  a  special  aperture,  or  whether  they  are  set  free  by  the 
bursting  of  the  segment,  which  previously  detaches  itself  from  the  bodr, 
like  the  seed-vessel  of  a  Plant. — These  generative  segments  are  successiTdf 
budded  off  from  the  anterior  segment  or  "  head,"  and  also  multiply  in  the 
first  instance  by  their  own  subdivision  ;  as  the  development  of  their  senul 
organs  proceeds,  however  (this  being  of  course  most  advanced  in  the  seg- 
ments furthest  removed  from  the  head),  the  whole  nisitg  of  each  segment 


A,  bead  of  Tania  so- 
lium, with  its  circle  of 
booklets  and  two  of  its 
suckers ;  B,  generative 
segment,  sbowing  a,  lon- 
gitudinal canals  of  water- 
vascular  system,*  c,  ute- 
rus ,*  d,  genital  orifice ;  e, 
vagina ;  /,  spermatic  ca- 
nal ,*  ff,  testis. 
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ieems  conceatrated  upon  it,  and  no  fiirtlier  multiplication  b}^  subdi vision 
takes  place,  though  the  budding-  off  of  new  segments  from  the  head  con- 
tinues. At  the  same  time,  the  terminal  segments,  as  their  ova  aixive  at 
maturity,  are  detached  in  their  turn  ;  and  thus  a  constant  succession  i@ 
kept  up,  which  verj  closely  resembles  the  development  and  detachment  of 
the  Medusa  buds  of  the  nydrafonn  Zoophytes  (§  543). 

57  L  The  investigations  which  have  been  recently  made  by  Prof'rs  Sie- 
bold,  Tan  Beneden,  and  others,  into  the  Development  of  the  Cestoid  En- 
tozoa,  though  far  from  being  yet  complete,  have  evolved  several  facts  of 
extreme  interest  It  may  now  be  considered  as  well  establislied,  that  the 
Ct/stie  Eatozoa  (such  as  the  Cysticerciis,  Echinococcus,  and  Ca^nurus)  are 
nothing  else  than  Ckstmdea  in  un  imperfectly  developed  state  ;  their  bodies 
being  encysted  in  the  caudal  segment,  and  this  being  (as  it  were)  dropsi- 
cally  distended.  The  very  same  embryos,  in  fact,  may  evolve  themselves 
into  tho  Cystic  or  into  the  Cestoid  form,  according  to  the  circnrastanceB 
under  which  they  are  placed ;  for,  when  lodged  in  the  parenchi/mu  of  or- 
gans, such  as  the  brain  or  the  liveri  they  take  the  Cjstic  form  ;  when  they 
_  ass^  on  the  other  hand,  into  the  intestinal  canai,  theu'  generative  segments 
are  developed,  and  they  become  Cestoids*  It  is  among  herbivorous  ani- 
mals, that  the  parenchymatous  organs  are  most  commonly  infested  with 
Cystic  entozoa ;  whilst  the  alimentary  canal  of  carnivorous  animals,  into 
which  the  fiesh  containing  these  parasites  enters  as  food,  affords  the  nidus 
within  which  the  worm  acquire^j  its  complete  development  as  a  Cestoid* 
Por  it  is  only  then  tliat  the  generative  apparatus  is  evolved,  and  that  eggs 
are  set  free,  which  find  their  way  into  the  bodies  of  the  vegetable  feeders; 
althongh  in  the  Cystic  form  in  which  they  there  develop  themselves,  a  mul- 
tiplication by  gemmation  may  occur  to  a  very  considerable  extent.  Some 
parasites  of  this  order,  moreover,  develop  themselves  under  the  Cystic  form 
in  Mollnsks  and  cold-blooded  Yertebrata  \  and  only  evolve  their  generative 
apparatus,  when  transferred  from  the  bodies  of  these  into  the  intestinal 
canal  of  warm-blooded  Yertebrata.  These  results  have  been  obtained  by 
a  laborious  investigation  and  comparison  of  the  Eutozoa  which  infest  the 
animals  that  prey  one  upon  another ;  and  they  may  now  be  considered  as 
well  established,  though  in  the  history  of  some  of  the  Cestoid  Entozoa  (as 
the  Tmtna  which  infests  Man)  much  still  remains  to  he  cleared  up*  From 
the  recent  observations  of  Prof.  Yan  Beneden^  it  appears  that  the  embryo 
TiBma^  at  the  time  of  its  emersion  from  the  egg,  is  a  minute  ovoid  body 
(scarcely  exceeding  the  red  corpuscle  of  the  Frog's  blood  in  size),  possess- 
ing six  books ;  and  that  those  hooks,  first  uniting  together,  make  their 
ay  into  the  tissue  on  which  the  embryo  may  lie,  and  then,  separating  and 
iurving  backwards,  force  the  body  into  its  substance :  but  obsen-ers  are 
ot  yet  agreed,  with  regard  to  the  mode  in  which  this  embryo  becomes  a 
>7ifa  or  a  CyUieercm.  The  development  of  the  Telrarhyncus,  however, 
been  more  fully  elucidated.  The  embryOi  which  Is  at  first  an  ovoid 
iiic,  provided  anteriorly  with  four  loljes,  but  having  no  trace  of  uncinated 
proboscides,  undergoes  a  sort  of  self-invagination  ;  the  head  becoming  re- 
tracted within  the  dilatable  posterior  extremity,  w^hich  invests  and  incloses 
it-  This  invagination  is  not  permanent  at  first,  though  it  soon  becomes  so, 
if  the  worm  have  worked  its  way  into  any  of  the  parenchymatous  organs  or 
subserous  membranes ;  and,  in  addition,  tlie  animal  secretes,  and  becomes 
invested  by,  a  transparent  cyst.  It  is  while  the  worm  is  in  this  condition, 
that  its  proboscides  attain  their  full  development;  and  after  a  time  the 
hinder  end  of  the  included  heM  spontaneously  separates  from  the  wall  of 
the  vesicular  portion^  so  that  the  former  li§s  free  and  independent  within 


580 


OF  GENERATION  AND  DEVELOPMENT. 


Fig.  2o2. 


its  own  body,  the  latter  being  again  invested  by  its  secreted  cyst-  There 
is  no  evidence  to  show  that  the  encysted  Tetrarhyncos  ever  undergoes  any 
higher  development ;  but  if  the  MoUusk  or  Fish,  in  which  it  is  parasitic, 
be  devoured  by  some  predaceous  Fish  or  Bird,  so  as  to  bring  the  Tetra- 
rhyncus  into  its  normal  habitat,  its  development  will  then  proceed ;  for  the 
cyst  being  dissolved  by  the  digestive  process,  the  liberated  body  lengthens 
posteriorly  so  as  to  form  a  sort  of  tail,  which  soon  becomes  divided  into 

well-marked  articulations,  the  number  of  wluch 
is  continually  increased  by  a  process  of  gemma- 
tion from  the  posterior  extremity  of  the  head,  as 
already  described  in  regard  to  the  Tania.* 

572.  Although  the  Tremaiode  Entozoa  do  not 
present,  like  the  Cestoids,  a  succession  of  dis- 
tinct generative  segments,  yet  their  generative 
apparatus  occupies  a  very  large  part  of  the  body, 
as  shown  in  Fig.  252.  Both  kinds  of  sexual 
organs  arc  present  in  each  individual;  and  it 
is  probable  that  they  arc  self-fertilizing.  The 
male  organs  in  Distoma  hepaticum  (Fluke) 
consist  of  a  set  of  extremely  long  and  convo- 
luted seminiferous  tubules,  occupying  the  cen- 
tral part  of  the  body;  and  these  discharge 
part  of  their  secretion  by  two  trunks  into  a 
common  canal,  which  terminates  in  the  peuis 
or  intromittent  organ,  sitnated  just  behind  the 
anterior  sucker.  The  organs  which  are  com- 
monly termed  the  ovaries,  and  which  form  in 
the  Distoma  a  large  racemose  mass  that  occu- 
pies the  sides  and  posterior  part  of  the  body, 
serve  really  but  to  furnish  the  vitelline  cells; 
they  open  by  two  canals  anteriorly  into  the 
uterus,  which  also  receives  the  ducts  proceed- 
ing from  a  pair  of  smaller  dendritic  organs, 
within  which  the  germinal  vesicles  are  evolved. 
The  ova  are  therefore  formed  within  the  uterus 
by  the  union  of  these  two  essential  compo- 
nents ;  and  it  seems  probable  that  they  are  there 
fertilized,  when  no  congress  of  two  individuals 
takes  place,  by  seminal  fluid  directly  conveyed 
from  one  of  the  testes  by  a  special  duct  termi- 
nating in  a  vesiculaseminalis.  The  uterus  has 
a  vaginal  outlet,  however,  which  opens  in 
close  apposition  to  the  penis;  so  that  there 
seems  to  be  a  provision  alike  for  the  mutual 
impregnation  of  two  individuals,  and  for  the 
self-fertilization  of  a  solitary  one.*— The  bis- 


Generative  apparatus  of  />m- 
toma  hepaticum  (Fluke) : — In  tlie 
central  portion  arc  seen  the  tes- 
tes, composed  of  convoluted  tu- 
buli;  in  front  of  this  aro  tho 
arborescent  glandular  bodies  that 
furnish  tho  germinal  vesicles, 
ivhilst  at  the  sides  and  posterior 
part  of  tho  body  are  the  race- 
mose masses  that  supply  tho 
vitelline  cells;  between  these, 
anteriorly,  is  the  uterus,  contain- 
ing ova  arrived  at  maturity. 


»  See  Siebold,  **  UberderGeneration's-wccbscl  dcr  Cestoden,*'  in  **Siebol(l  tDd  KwU- 
kcr's  Zeitschrift,"  July,  1850,  translated  in  **  Ann.  des  Sci.  Nat.,'*  3«S6r.,  Zool.,  torn. 
XV.,  and  "  P]xp(?ricnce3  sur  la  Transformation  dcs  Cysticerques  en  Tasnias,*'  in  **  Ann- 
des  Sci.  Nat.,"  3«  S<;r.,  Zool.,  tom.  xvii.,  Van  Bcnedcn,  "  Les  Vers  Ccstoides  ou  Aco- 
tyles,"  Bruxelles,  1850,  and  "Nouvelles  Observations  sur  Ic  Devcloppemeot  des  VrK 
Cestoides,"  in  "  Ann.  des  Sci.  Nat,"  3«  Ser.,  Zool.,  tom.  xx. 

«  This,  indeed,  seems  to  bold  good  even  with  certain  PulmontteU  Gtstcropods 
a  5G3). 
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toTy  of  the  DcTelopment  of  the  Trcniatoda  presents  a  uiimber  of  very 
curious  phenomena;  the  process  of  *'  lorval  gemmation^-  (analogous  in  some 
degree  to  that  of  Echlnodermata)  being  repeated  two  or  three  times, 
Tors©  the  characteristic  form  of  the  animal  is  evolved.  In  no  instance 
flii>«ilttK  series  of  phases  through  which  any  one  i?pecies  thus  passes, 
been  consecutively  watched ;  but  the  foUowinjDr  wUl  sen'e  as  an  example  of 
what  is  believed  to  occur  lu  certain  of  these  "Entozoa.  The  ovum  of  the 
I}htoma  which  i  ah  ah  its  the  Lffmnmiis  sta^nalis,  is  first  developed  into  a 
little  w*orm-likc  body,  in  which  no  complete  organs  are  evolved,  but  which 
seems  to  consist  of  the  cellular  '^germinal  mass"  inclosed  in  a  contractile 
intef^umeiit.  Its  component  cells  arc  in  their  turn  developed  into  inde- 
pendent xooids,  which  escape  from  the  enveloping  cyst,  and  from  the  ani- 
mal on  which  it  h  parasitic,  in  the  condition  of  free  ciliated  animal cnIe-1  ike 
bodies,  or  Cercari^;  in  this  condition  they  may  remain  for  some  time,  and 
then  they  imbed  themselves  in  the  mncus  which  covers  the  tail  of  the  Mol- 
lask,  in  which  they  undergo  a  gradual  development  into  true  Distomata; 
and  having  thus  acquired  their  perfect  form,  they  penetrate  the  soft  integu- 
ment, and  take  up  their  habitation  in  the  interior  of  the  body.  Thus  a 
cunsiderable  nnraber  of  Distomataraay  be  produced  from  a  single  ovum  by 
the  separation  of  the  first  products  of  the  subdivision  of  the  emhryo-celL — 
A  most  remarkable  phenomenon  has  recently  been  observed  in  a  T  re  mat  ode 
Entozoon^  which  has  long  been  considered  as  a  Physiological  curiosity  j 
namely,  the  Ih'ploziwn  paradoxton,  a  parasite  upon  the  gills  of  certain 
Fishes,  This  animal  has  been,  until  lately,  regarded  as  possessing  two 
omplete  bodies  united  only  by  a  narrow  band  *  each  Ijody  liaving  its  own 
outh  and  digestive  orgaas,  its  own  water-vascular  system,  and  its  own 
oublc  generative  apparatus  ;  but  the  stomach  and  vessels  of  the  two  halves 
comraunicating  freely  with  each  other  through  the  connecting  bridge;  the 
whole  thus  bearing  a  close  resemblance  to  those  "donblo  monsters''  which 
gometlmes  present  themselves  among  higher  animals.  The  constancy  of  the 
recurrence  of  precisely  the  same  form,  however,  was  quite  safficient  to  in- 
dicate its  normal  character;  and  the  source  of  the  duplicity  is  now  known 
to  lie  in  the  "  conjugation"  of  two  previously  independent  individuals, 
which  become  partially  '*  fused*'  into  each  othen  This  conjugation  appears 
to  have  reference  to  the  evolution  of  the  generative  apparatus  j  for  pre- 
viously to  its  occurrence,  the  Entozooa  (known  in  its  single  form  under  the 
name  of  Diporpa)  is  destitute  of  sexual  organs.* 

5T3.  The  Planarim  (now  referred  to  tlm  group  of  Turbellaria)  present 
an  arrangement  of  the  generative  organs  that  bears  a  strong  resemblance  to 
the  foregoing.  The  testes  (Fig*  101, 3, 3)  lie  one  on  each  side  of  the  stomach, 
aud  pour  their  secretion  into  the  central  receptncle  or  vesicula  seminalis  (/*), 
from  which  proceeds  an  eflerent  canal  that  terminates  in  a  penis  (Q.  The 
ovaries  would  seem  to  be  much  more  extensively  dilTused;  in  fact,  ova 
may  be  seen  in  nearly  all  the  spaces  not  occupied  by  other  organs;  and  it 
would  hence  seem  probable  that  the  ovary  sends  ramifications,  commencing 
In  the  dilated  oviducts  {k^  k),  into  almost  every  part  of  the  body.  The 
oviducts  unite  in  a  dilated  cavity  (0,  which  is  perhaps  a  spermotheca;  and 
from  this  there  is  an  outlet  by  a  snort  wide  canal  (m).  It  is  certain  that  a 
sexnal  congress  occurs  among  these  animak,  and  that  they  may  mutually 
iitipregnatc  one  another;  but  it  is  probable  that  they  are  also  self-impregnat- 
ini^,  like  the  Cestoid  andTrematode  Entozoa. — The  development  of  the  ova 
'm  Plananm  presents  several  curious  features;  one  of  the  principal  being. 


OF  0SNEBATIO?!  AHB  DETSLQFlISllT. 

tbAt  the  **  gcrmiQuI  mass,^^  like  that  of  Bistoms,  separates  into  m  (rarabk) 
namber  of  segments,  each  of  which  deyelops  itself  into  a  distinct  Zoold.'^ — 
The  Pianari^  are  scarcely  less  remarkable  than  is  the  Hjdra  itself,  for  their 
capacity  for  being  maJtiplied  by  artificial  scbsion ;  and  it  is  not  nnKkely  thai 
they  may  undergo  a  spontaneous  reparation  of  this  kind,  more  especialhu 
such  fis^iparous  multiplication  is  normally  exhibited  amon^  some  otter  laen- 
bers  of  the  same  group,  such  as  the  ^^^emeriiiuE,  No  prodttctioii  of  MkM 
geramKij  howeTer,  is  known  to  occur  among  theiiL 

574.  In  the  Nematoid  Entozoa  (Ascaris,  StrongylnSj  A/c.)^  on  tim  ^Qm 
hand,  the  Generative  apparatus  is  arranged  upon  the  diceciotts  t jpe ;  dii 
male  and  female  organs  being  peculiar  to  di^inct  mdiridnali,  and  tli«  OTt 
being  fertilized  by  se^xnal  congress.  The  male  genital  apparatus  umlfj 
consists  of  a  single  long  tube,  enlarged  at  its  lower  part  into  a  Ti  " 
seminalis,  and  terminating  in  an  ititromittent  organ  or  penis,  which  isi 
times  of  considerable  length.  The  female  ovary,  on  the  other  hand, : 
times  consists  of  a  single  tube  very  much  prolonged  (Fig,  52,  e,  €,e)^m}ikA 
in  other  instances  it  is  double  or  multiple;  in  either  case,  howeTer, it  opesi 
into  a  wide  oviduct,  which  has  frequently  a  uterine  dilatation  {/)  Bear  til 
termination^  whence  proceeds  a  vaginal  canal,  whose  external  orifice  (h)  b 
nsuallj  at  some  distance  from  the  anns^  and  is  frequently  in  the  middle  of 
even  (as  here)  in  the  anterior  portion  of  the  body.  The  male  is  almtxct 
always  smaller  than  the  female,  sometimes  very  much  so;  and  when^  in  the 
se:cual  congress,  his  anal  extremity  attaches  itself  to  her  genital  orifice,  hr 
ha.^  the  appearance  of  a  branch  or  young  individual  sent  off  by  gemntatioo, 
and  attached  M  an  acute  angle  to  the  body.*— In  the  S^^amm  iraek^^aMs, 
the  male  is  blended  with  the  female  (probably  through  a  kind  of  '*  coujn- 
gation")  by  an  actual  continuity  of  tissue,  immediately  in  front  of  her  genital 
aperture,  near  the  anterior  third  of  the  body. — NoWithstnnding  the  ejii- 
plicity  of  the  structure  of  the  ovarium,  the  number  of  OTa  produced  hf 
these  Worms  is  very  great;  no  fewer  than  C4  miff/anjr  having  been  cakn- 
lated  to  be  contained  at  once  in  the  single  Ascaris  l^imbrieoides^  one  af  the 
commonest  parasites  of  the  Human  intestine.  In  aonie  of  this  order,  the 
fertilized  ora  are  retained  within  the  body  until  they  afe  hatched,  so  thai 
the  young  come  forth  alive  j  in  other  instances,  the  eggs  are  hat4^ed  soli* 
Bequently  to  their  deposition.  Ju  either  case,  however,  the  yonog  irom, 
at  its  emersion  from  the  Gf^^,  has  the  general  form  and  aspect  of  its  pAifnt, 
though  its  structure  is  still  far  from  being  complete  (Fig.  222,  B) ;  n<etilMf 
undergoing  a  metamorphosis,  like  the  Tremai&da,  nor  gnbsequently  evolmg 
the  greater  part  of  its  structure  by  gradual  development,  like  the  CeM^idm.* 
Still  it  appears  that  certain  Nematoid  worms,  when  developed  in  purcBciqf- 
matous  organs,  may  become  encysted  after  the  mauucr  of  the  lattrr,  and 
that,  while  they  remain  in  this  condition,  their  generative  appumttis  is 
nndcr  eloped. 

^Ii3.  In  the  Generation  of  the  I^oHfera,  many  points  remain  to  b«  da- 
f'sr1nt(-d*  The  female  portion  of  the  sexnal  apparatus  is  in  general  8iifflcliBtl|r 
I'^'M  .jJicuous  ;  consisting  of  an  elongated  ovarian  mass,  sometimes  dcndilft 
m>»KMimeB  single,  which  is  situated  in  the  posterior  part  of  the  ciTity  of  the 
body  (of  which  it  occupies  a  largo  portion,  when  the  ora  are  n««r  matm^), 
opening  by  a  short  oviduct  into  the  eloaeal  cavity.    The  number  of  efn^'m 

»  Sif<?  VtQl  SIpbol.l  in  **  Tcrgldch<^rnl(?  Anfttomie/l  Bjind  I.,  {  129. 

i^«0  Kagfc,  ''Dij  Evolatione  Strongxtl  ot  Aflcfarldb;'  IS41 ;  E^lik«r  in  «*MaOei'ft 

Aniiiv,/'  1H4.5:  ami  1)t.  KuIsdo  "On  tlio  Hcprodaction  of  .4fciHi  J^NWttt,**  la 
TrauBttct./*  1852. 
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course  of  evolution  at  any  on t?  time,  is  always  rery  small  *  but  their  size  is 
conaiderable^  in  comparison  with  that  of  their  parent.  In  regard  to  the 
male  organs,  however,  there  is  much  uncertainty.  It  haj  been  shown  by 
Mr,  Dalrymple,  that^  in  a  llotifer  of  the  genos  N^oiommata,  the  Btxm  are 
distinct  (the  male,  however,  being  entirely  devoid  of  organs  of  nutrition^ 
§  137),  and  that  the  fertilization  of  the  ova  is  effected  by  an  act  of  copula- 
lion ;  and  there  is  reason  to  think  that  the  like  is  true  of  some  other  genera. 
On  the  other  hand,  there  is  an  absence  of  evidence  as  to  the  existence  of 
sepantte  males  in  many  other  genera;  whiht  in  the  bodies  which  contain 
ovaries  there  are  certain  peculiar  corpuscles,  which  may  be  considered  as 
spermatozoa  (as  observed  by  Kiilliker  in  Mtgaloirocha,  and  by  Huxley  in 
Ladmdaria)^ — The  ova  of  Rotifem  are  sometimes  incubated  within  the 
body  of  the  female  parent,  so  that  the  young  come  forth  alive ;  are  some- 
times carried  about  by  hen  attached  to  the  neighborhood  of  the  tail ;  and 
arc  sometimes  freely  deposited,  and  left  to  themselves. — The  history  of  their 
embryonic  Development  is  in  all  essential  respects  the  same  as  that  of  the 
Xeraatoid  Entozoa;  for  the  cells  of  the  '*  mulberry  mass"  maybe  observed 
to  arrange  themselves  into  subordinate  groups,  each  of  which  evolves  some 
one  of  the  principal  organs  ;  and  thus  the  whole  animal  is  completed,  or 
uearly  so,  at  the  time  of  its  emersion  from  the  egg,  nothing  like  a  metamor- 
phosis being  ohservablci  though  the  external  appendages,  and  especiallv 
the  rotatory  organs,  are  still  imperfect*  The  whole  process  of  development 
ifl  completed,  in  some  cases,  within  twenty-four  hours ;  and  hence,  notwith- 
atauding  the  small  number  of  eggs  which  each  iudiridual  produces  at  once, 
a  most  rapid  multiplication  takes  place  under  favorable  circumstances  ;  it 
has  been  calculated  by  Prof.  Ehrenherg  that  sevmUm  miiUom  may  thus  be 
generated  from  a  single  i>arenta^e  within  twenty-four  days. ^—Besides  the 
ordinary  ova  thus  rapidly  developed  and  brought  to  maturity,  many  Eotifera 
produce  what  are  termed  *'  winter  eggs;'*  which  have  been  commonly  sup- 
posed to  differ  from  the  rest  merely  in  possessing  a  peculiarly  thick  shell, 
which  enables  them  to  resist  cold^  and  in  being  much  longer  in  arriving  at 
their  full  term,  ao  as  only  to  regenerate  the  species  when  the  returning  warmtli 
of  sjirin^  affords  the  conditions  most  favorable  to  their  life.  It  is  affirmed 
by  Mr,  Huxley  {loc.  cit.,  p,  14),  however,  that  the  production  of  these  bodies 
is  different  from  that  of  true  ova  j  for  whilst  the  latter  are  single  cells  which 
have  undergone  a  special  development,  the  former  are  aggregations  of  cells, 
in  fact  larger  or  smaller  portions  (sometimes  the  whole)  of  the  ovary,  being 
probably  ^f?H?ni^  which  are  evolved  into  zooids  without  fecundation,  re- 
sembling the  '*  ephippial  eggs*'  of  Baphma  (§  58(j),  and  those  which  give 
origin  to  the  successive  broods  of  Aphides  (§  580), 

5t6.  In  the  class  of  AnneUda,  we  still  find  that  Gemmation  performs  a 
very  important  part  in  the  act  of  Reproduction  \  the  multiplication  of  simi- 
lar segments,  which  is  so  remarkable  in  many  members  of  this  group,  being 
almost  entirely  due  to  it;  while  a  spontaneous  division  sometimes  takes 
place,  by  which  the  parts  thns  produced  are  detached  from  one  aaotber, 
sometinies  in  such  a  condition  that  they  must  be  regarded  as  perfect  zooids, 

! whilst  in  other  cases  they  seem  but  little  more  elevated  in  the  scale  of  ani- 
mality  than  are  the  detached  oviferons  segments  of  the  TKuia.  The  com- 
plete reproduction  by  spontaneous  fission  may  be  seen  to  occur  in  Nau,  a 
«: 


'  See  Ut*  nuxlej*fl  Memoir  on  LadnuUHa  tonality  in  **  Trtinsnct  of  Mierosc,  Soc.," 
N.  S.,  vol.  L  p,  L 

*Sce  Prof.  WUliriin son  **  On  the  A nn torn j  of  if^^/f rrfa  ringrm^'' m  '* Quarterly  Mi- 
CTOicopical  Jonmftl,*'  vol.  i.  p*  07. 
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worm  which,  though  aquatic  in  its  habits,  belongs  to  the  order  Terricoia  : 
after  the  number  of  segments  in  the  body  has  been  greatly  multiplied  by 
gemmation,  a  separation  of  those  of  the  posterior  portion  begins  to  take 
place ;  a  constriction  forms  itself  about  the  beginning  of  the  posterior  third 
of  the  body,  in  front  of  which  the  alimentary  canal  undergoes  a  dilatation, 
whilst  on  the  segment  behind  it,  a  proboscis  and  eyes  are  developed,  so  as 
to  form  the  head  of  the  young  animal  which  is  to  be  budded  off ;  and  in  doe 
time,  by  the  narrowing  of  the  constriction,  a  complete  separation  is  effected, 
and  the  young  animal  thenceforth  leads  an  independent  life.  Not  unfire- 
qucntly,  however,  before  its  detachment,  a  new  set  of  segments  is  developed 
in  front  of  it,  which  is  in  like  manner  provided  with  a  head,  and  separated 
from  the  main  body  by  a  partial  constriction ;  and  the  same  process  may  be 
repeated  a  second  and  even  a  third  time ;  so  that  we  may  have  in  this  ani- 
mal the  extraordinary  phenomenon  of  four  worms  that  are  afterwards  to 
exist  as  separate  individuals,  united  end  to  end,  receiving  nonrishment  by 
one  mouth,  and  possessing  but  one  anal  orifice.  So  long  as  this  multiplica- 
tion by  gemmation  is  going  on,  the  proper  generative  apparatus  remains 
undeveloped,  as  happens  with  the  Hydra ;  but  at  a  certain  period  of  the 
year  it  ceases,  the  sexual  organs  are  evolved,  and  eggs  are  produced  and 
fertilized. — A  parallel  phenomenon  has  been  observed  in  several  genera  of 
the  Dorsihranchiate  order;  but  the  gemmce  thus  detached  are  not  truly 
independent  zooids,  for  each  consists  of  little  else  than  a  generative  ^pa- 
ratus,  with  the  addition  of  locomotive  organs ;  thus  bearing  a  similar  rela- 
tion to  their  stock,  with  that  which  is  borne  by  the  generative  segments  of 
the  Cestoid  worms  to  the  body  from  which  they  are  budded  off  (§  §70). 
In  the  one  case,  as  in  the  other,  it  must  be  improper  to  reckon  these  seg- 
ments as  a  new  generation,  since  they  are  merely  the  "complement"  of  the 
organism  that  would  be  incomplete  without  them.  As  many  as  six  of  these 
generative  offsets  have  been  seen  in  continuity  with  each  other,  and  with 
their  stock,  by  Prof.  Milne-Edwards ;  the  most  posterior  being  evidently 
the  oldest,  and  the  one  in  direct  connection  with  the  parent  consisting  as 
yet  but  of  a  few  segments,  and  being  obviously  the  youngest.*  A  similar 
detachment  of  the  generative  segments  has  been  observed  among  certain 
Tuhicol^, — There  are  several  Annelida,  which  may  be  multiplied  by  artificial 
subdivision,  each  part  being  able  to  grow  up  into  the  likeness  of  the  perfect 
animal ;  though  they  do  not  spontaneously  reproduce  themselves  in  this 
mode. 

577.  The  Dorsihranchiate  Annelida,  which  were  formerly  supposed  to 
be  hermaphrodite  and  self-impregnating,  are  now  known  to  be  dicecions. 
The  generative  organs,  whether  male  or  female,  are  very  commonly  repeated 
in  every  segment  of  the  trunk ;  and  they  form  glandular  masses,  projecting 
between  the  muscular  fasciculi  into  the  general  cavity  of  the  body.  Neither 
testes  nor  ovaria  have  any  duct  opening  externally ;  but  their  products  aw 
discharged  by  rupture  into  the  visceral  cavity.  In  what  manner  they  fiad 
their  way  out  of  this,  or  in  what  situation  the  ova  are  fertilized,  is  yet  na- 
certain ;  but  if,  as  there  is  some  reason  to  believe,  the  fertilization  is  accom- 
plished while  the  ova  are  still  within  the  body  of  the  female,  this  must  be 
effected  by  the  entrance  of  water  through  which  the  male  spermatozoa  have 
been  diffused,  into  the  visceral  cavity.  The  females  of  some  species  carry 
their  eggs  about  with  them,  after  the  escape  of  these  from  the  interior  of 
their  bodies  ;  the  eggs  being  sometimes  glued  together  by  a  mucous  secp^ 
tion,  and  sometimes  protected  within  a  kind*  of  marsupial  sac. — In  the 

»  "  \m\.  des  Sci.  Nat.,"  C«  Ser.,  Zool.,  torn.  iii.  p.  170. 
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Tahicol^e,  also,  it  appear.^  that  the  sexes  are  distinct ;  and  as  tlieir  pccoliar 
mode  of  life  does  not  allow  the  congress  of  two  JnclirfdualSi  it  is  probable 
that  the  fertilisation  of  the  ova  is  effected  by  the  diffusion  of  the  seminal 
fluid  through  the  surrounding  water.  This  \%  of  course,  miieh  more  likely 
to  be  effectual,  owing  to  the  gregarious  habits  of  these  animals.  Among 
the  TerricoicE,  whose  organization  is  altogether  higher  than  that  of  the 
proper  Aonelida,  the  generative  organs,  althongh  both  sexes  are  frequently 
combined  in  the  same  indiTidnal,  are  not  multiplied  to  the  same  extent;  for 
they  are  nsaally  restricted  to  a  small  number  of  segments,  and  each  set 
opens  externaUj  by  a  single  orifice;  as  is  secn^  for  example,  in  the  3Wj 

'  (Fig,  253).     They  are  not,  however,  self-impregnating;  but  a  double  con- 
gress takes  place,  as  in  the  Planarioe,  i&c.     In  the  Earik- 
worm,  towards  the  end  of  the  summer^  there  is  developed  Pig-  253, 

round  the  body  a  thick  and  broad  belt;  this  is  an  appa- 

Vratns  for  suction,  by  which  the  worms  are  held  together 
during  the  congress.  Here,  too,  the  ova  do  not  escajie 
through  the  ducts  which  serve  to  convey  the  spermatic 
flaid  to  the  ovaria  j  but  the  ovaria  burst,  when  distended 
with  mature  ova,  and  allow  their  conteBts  to  be  dispersed 
through  the  vbceral  cavity  of  the  animal.  In  this  respect 
the  process  of  Generation  in  the  earth-worm  bears  a  strik- 
ing analogy  to  that  which  we  witness  in  Flowering  plants; 
for  in  the  latter,  the  fertilizing  influence  is  transmitted  down 
the  minute  canals  of  the  style,  and  the  seeds  escape,  when 
ripe,  by  the  dehisccnco  of  the  walls  of  their  envelop.  The 
ova  of  the  earth-worm  pass  backwards  between  the  integu- 
ment and  the  intestine,  to  the  annl  extremity  \  and  in  their 
progress  they  gradually  undergo  their  development,  and 
are  expelled  from  the  parent,  either  as  completely  formed 
worms,  or  surrounded  by  a  dense  and  tough  case,  which 
^ves  them  the  character  of  pupm.     Whether  they  are  pro- 

rduced  in  the  perfect  or  in  the  pupal  form,  depends  on  the 
nature  of  the  soil  which  the  worms  are  inhabiting;  in  a 
light  and  boj^e  soil,  the  young  quit  the  parent  prepared  to 
(?t  for  themselves  J  but  in  a  tough  clayey  soil,  they  con- 

^tinue  the  pnpal  form  for  some  time,  so  as  to  arrive  at  a 
still  higlier  degree  of  development,  before  commencing  to 
maintain  an  independent  existence.    In  many  LumhrieidtE, 

p«s  in  the  HirndimdiF  generally,  the  ova,  after  making  their 
way  outwards  through  the  integument,  gain  a  new  invest- 
ment from  a  secretion  furnished  by  the  cutaneons  glanduliC  of  a  particular 
part  of  the  body,  which  sometimes  forms  a  horny  easing,  sometimes  a  spongy 
envelop,  of  an  annular  form,  closely  fitting  to  the  body.  This  is  cast  off 
altogether  by  violent  efforts  on  the  part  of  the  animal,  the  body  being  with- 
drawn from  within  it ;  and  a  sort  of  "cocoon"  is  thus  left,  opening  at  both 
extremities,  and  usually  containing  from  six  to  fourteen  eggs,  which  undergo 
their  development  under  it^  protection. 

578,  In  the  history  of  the  Development  of  the  several  orders  of  Anne- 
lida, there  exists  a  very  marked  diversity  ;  for  whilst  the  young  of  the  7V?*- 
ricolm  and  Sucton'a  do  not  usually  issue  from  the  egg,  until  they  have 
aqnired  the  characteristic  form  of  the  parent  (although  the  number  of  seg- 
ments may  be  subsequently  augmented),  tlie  embr>^os  of  the  Dorsihran^ 
ckiatu  and  TubicoleB  come  forth  in  a  state  of  far  less  advancement,  and 
OEly  aequu-c  their  perfect  form  by  such  a  series  of  changes  as  deserves  the 
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FJg.  254. 


Eftrly  itAj$e4  of  d^Tclopmi^iit  fit  T^treUUa 
iM&«l«#a  **  At  liLTva  fine  day  after  in  ccDtrtioB 
&om  tl]«  exg  * — 0,  Inrvii.  morn  adrftnced,  but 
■till  Apodnl ; — ^c,  fnnber  pr«grem  «f  tbe  iim«p 
wlih  Ard^l  iip|i«aninpo  of  iipp«Qd«fet;  fi^  eo- 
pbaHc  f«giii0ot!  6,  oi  Ha  led  ««gm«iiC;  c,  third 
Hug;  d,  *,/t  ]f,  kf  itjt  •ucceiiiv&ly  forraod  leg- 
ni«Qti;  X  juiii  Mfiueai^  ;i,  pfamrjnxj  f,  Qe«i>- 
]»K»fui;  r,  i4«i«Aoh;  «« itiicitlnB  :— 1»,  l4rrai  at 
111*  tod  (iflbo  fini  period^  eh  lowing  tbii  aat^nbl- 
form  ft|^pondA|^,  u  tlifl  ««phiiUo  segineni,  d, 
Willi  Iti  pft^r  <»r  oevlll,  nioetcdvd  bj  tb«  cilia  tod 
Mflneatitni  boArlug  iba  rainaiiii  of  tb«  evllAJ" 
of  elUa,  and  rontAintn^  the  ba«eal  e«rity,  ^i 
In  Ilia  intarior  of  which  cllmrj  raorctnt- nt  may 
lwdlae«ro*d  5— i?.  Inrv*  ivw  ht?rfvrao  tiibti?ol«u#, 
^irLEi|tij(ht  -smoUiplit 

o^li,  mwrt  f  1  mofis  com- 

ft*t«  tnt^ruiii  „.p,..„L ,  „„.  ,.„t  baring  11^ 

v^eolal  circulating  Apparatus. 


deslgnatioa  of  a  metatnorplici^ 
far  aa  has  been  yet  obserTcd,  " 
Is  a  very  close  conformity  in 
earliest  states  of  all  these  emh 
They  come  forth  from  the  eg^ 
condition  rery  little  more  admno 
than  the  ciliated  genunttles  of 
polypes  I  coDsisting  of  &  nearly  0iQ^ 
balar  mass  of  iintmn^orBied  t^, 
certalu  parts  of  the  atirf&ee  of  whk)i 
are  coYiired  witli  clUa^  symtaetrietDy 
disposed.  In  the  eoaeae  €d  m  ftm 
honrst  however,  this  embrjroiile  mut 
eloQgates,  and  Isdicaluiai  of  a  mg- 
mental  dirisioQ  beeoma  amicmt; 
80  that,  by  the  end  of  tbfi  nnt  day 
after  tta  emersion,  there  ntaj  be  dkh 
tinguished  in  the  embiro  of  TVtieMb 
(Fig.  254,  A)  the  eephalje  aegmtst 
CT,  the  first  segment  of  the  body,  I, 
which  is  thickiy  corcred  wilh  eOit, 
a  second  narrower  and  non-cili^ed 
segment,  c,  and  the  caudal  ciliate^i 
segment  x.  A  little  later  (n),  a 
new  gegment,  d,  is  seen,  iDterpMd 
between  the  pendtlmate  msti  ihi 
caudal  segments  ;  and  Ibe  dark  in- 
ternal granular  mass  is  obserrcd  to 
hare  extended  itiself  to  tbe  txtrantf 
of  the  body,  fonmag  the  fall  Ml- 
line  of  the  LateslitiAl  lobe.  TIr 
number  of  segments  conthmei  lo  Bi- 
er ease  by  the  process  of  g'emiiMiiQa, 
each  new  one  being  bndded  olT  fhwii 
the  caudal  estremity  of  the  ftcnuitK 
mate  segment,  so  as  to  be  iiilGi|MMed 
betwuit  it  and  the  origiitfil  cudal 
segment,  which  is  thus  progreniTdT 
removed  from  the  eephi5ie,'  with 
which  it  was  at  first  in  clo<a!  \iim* 
imity.  Thus,  in  the  larra  bi  tk 
more  adranced  stage  repraMHUsil  al 
Cf  wo  find  that  the  eegmeala,  ^/,§* 
k,  i^j,  have  been  interposed  betwecsn 
the  candal  segment  X  and  tba  iff* 
ment  d  of  the  previotm  growth  (•>; 
at  the  same  time,  the  oepballc  w* 
ment  has  becotna  mow  clofdopiSt 
and  the  eye-epots  arc  now  Ttty  dfc- 
tinet ;  and  each  segment  of  the  bo^ 
is  furnished  with  a  pair  of  atigeww 
appendages,  closely  f^&B^bltag  IhiM 
of  the  adult.  The  etoIntloB  of  ttc 
internal  organs,  alao,  hii  undo  oo«- 
slderable  progreaa;  to  tbaiwockiriy 
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distiiig^nish  the  pharjnx, />,  the  cesophagus,  q,  the  stomach,  r,  (the  walls  of 
which  are  still  tinged  with  the  yolk-snhstance),  and  the  intestine,  *,  as  in 
process  of  formation.  During  this  early  period  of  their  development,  the 
embryos  remain  in  the  mid^t  of  the  gelatinoas  substance  in  which  the  ova 
were  at  first  imhedded,  and  which  appears  to  serve  as  the  common  "  albu- 
men'' for  the  whole  collection ;  and  from  thiis  substance  they  would  seem 
to  derive  nutriment  by  imbibition,  since  they  increase  considerably  in  size 
before  they  become  capable  of  receiving  food  through  the  moutlK  It  is 
only  when  the  digestive  apparatus  and  locomotive  organs  have  attained  a 
^rade  of  development  which  enables  the  larvEB  to  obtain  food  for  them- 
selves, that  they  emerge  from  tlieir  gelatiuous  bed ;  and  whatever  may  be 
their  ultimate  destination,  they  lead  for  a  time  a  life  of  activity.  When 
the  communication  is  first  established  between  the  pharyngeal  cavity  and 
the  external  surface,  so  as  to  form  the  mouth,  the  interior  of  the  passage, 
as  wtII  as  the  commencement  of  the  intestinal  canaJ,  are  lined  with  cilia; 
and  it  is  by  their  agency  that  the  young  animal  obtains  its  food,  until  other 
organs  are  developed.  At  this  period  (d  e),  neither  circulating  apparatus 
nor  distinct  blood  can  be  detected ;  nor  can  the  presence  of  a  nervousij  sys- 
tem be  affirmed,  although  the  existence  of  ocelli,  and  the  activity  of  the 
movements  of  the  larva,  seem  to  justify  the  presumption  that  it  is  in  process 
of  for  mat  ion. —The  farther  development  of  the  embryonic  into  the  peifect 
form  need  not  be  traced  in  detail.  It  consists  partly  in  the  successive  mul- 
tiplication of  segments,  each  new  one  being  budded  off  from  the  caudal 
extremity  of  the  one  that  was  formed  last  before ;  and  partly  in  the  snc- 
eesslve  development  of  new  organs,  especially  those  constituting  the  circu- 
latory, respiratory,  nerro- muscular,  and  generative  apparatus.  In  the 
Tubicolm^  the  tubular  envelop  is  usually  formed  after  the  larva?  have  pas:sed 
a  few  days  in  the  condition  of  Errtmtia;  and  from  tliat  time  the  develop- 
ment of  their  locomotive  apparatus  takes  a  retrograde  rather  than  an  ad- 
vancing direction.* 

5t9.  In  the  class  M^rtapoda^  there  is  no  known  iastanee  of  multipli- 
cation by  fission,  either  natural  or  nrtiiicial ;  and  the  act  of  reproduction  is 
solely  accomplished,  therefore,  through  the  Generative  apparatus.  The 
sexual  organs  are  always  dioecionSj  and  the  fertilizatiou  of  the  ova  is  accom- 
plished by  actual  congress.  The  bodies  of  Myriapods  present  a  consider- 
able repetition  of  the  generative,  as  well  as  of  the  other  organs ;  but  still 
there  is  by  no  means  the  same  degree  of  segmental  independence  amongst 
them,  as  may  be  seen  in  the  typical  Annelida.  The  generative  aperture, 
in  both  sexes,  is  near  the  anterior  extremity  of  the  body. — The  history  of 
the  curly  development  of  the  embryo  within  the  cgg^  seems  to  correspond 
in  its  main  features  w^ith  that  of  Insects,  which  will  be  presently  described; 
whilst  in  the  later  changes  which  arc  seen  after  its  emersion^  we  arc  re- 
Biinded  of  the  Annelida  ;  for  the  length  of  the  body  is  greatly  an gnicu ted  by 
the  successive  addition  of  new  segments,  and  these  are  formed  by  gemmation 
fVom  the  penultimate  segment.  It  would  seem  as  if  the  '*  germinal  capa- 
city'* were  still  expended  (as  in  the  lower  classes)  in  the  act  of  f^towth 
rather  than  of  development  ^  and  as  if  the  continued  production  of  similar 
parts  of  a  lower  grade,  were  incompatible  with  the  evolution  of  the  previously 
formed  parts,  into  a  higher  tyi>e.  We  see,  however^  in  the  Myriapoda. 
tliat  the  advance  of  development  is  occasionally  marked  by  the  af/f/re^ation 
of  segments  that  were  originally  distinct.     This  is  especially  the  case  ia  the 

J  See  tb^  n-lmimble  Memmr  of  Prot  ftJilne-EtlwnrJs  ♦*Sur  te  D^veloppemeut  des  Aa- 
aelides,"  iu  the  **  Aua.  di;§  Set.  KaL,"  £•  Stfr.,  ZooL^  toai.  lii. 
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ScolopendridcE,  in  which  the  multiplication  of  segments  never  takes  place 
to  anything  like  the  same  extent  that  it  does  in  the  Itdidce^  and  in  whose 
organization  there  is  obviously  a  greater  approach  to  the  concentration 
manifested  in  the  higher  Articulata.  Thus  the  head,  according  to  Mr. 
Newport,  is  composed  of  eight  segments,  which  are  often  consolidated  into 
one  piece  like  the  head  of  Insects;  and  each  movable  division  of  the  body  is 
in  reality  composed  of  two  distinct  segments,  originally  separate,  but  ancby- 
loscd  together  at  an  early  period  of  their  formation;  their  original  distinct- 
ness being  usually  marked  by  the  persistence  of  the  separate  ganglia  and 
pairs  of  legs.  The  ganglia,  however,  sometimes  coalesce,  especially  in  the 
anterior  part  of  the  body  of  the  Polydesmidce,^ 

580.  It  is  very  remarkable  that,  in  animals  so  highly  organized  as  In- 
sects,  we  should  find  a  very  marked  example  of  Gemmiparons  mnltiplicatioD, 
occurring  as  part  of  the  regular  history  of  the  race.  This  is  the  case  in 
the  genus  Aphis;  among  many  species  of  which,  a  large  proportion  of  the 
individuals  never  acquire  wings,  but  remain  in  the  condition  of  larne 
(§  584).  These,  without  any  sexual  congress  (none  of  them,  indeed,  hav- 
ing any  male  organs),  bring  forth,  during  the  summer,  living  young  ones 
resembling  themselves;  and  the  young  soon  repeat  the  same  process  in 
their  turn,  so  that  ten  successional  broods  are  often  thus  produced.  With 
the  fall  of  temperature  at  the  end  of  the  season,  however,  perfect  wmged 
males  and  females  make  their  appearance ;  these  copulate  and  produce  true 
ova,  which  retain  their  vitality  during  the  winter,  and  give  birth  to  a  new 
generation  in  the  spring,  long  after  the  parents  have  perished.  Now,  if  vc 
compare  this  series  of  phenomena  with  those  of  a  similar  kind  which  have 
already  occupied  our  attention,  it  becomes  obvious  that  although  ova  are 
evolved  by  the  fertile  larva;,  and  although  the  development  of  these  follows 
the  same  plan  as  that  of  the  ova  sexually  produced  and  impregnated,'  yet 
that  this  is  really  a  case  of  internal  gemmation.  And  thus,  notwithstanding 
the  great  increase  in  the  number  of  independent  beings,  and  the  long  sac- 
cession  of  broods  of  '*  zooids,"  which  may  be  thus  produced,  not  one  of  the 
viviparous  larvae  becomes  a  complete  organism ;  for  so  long  as  this  method 
of  multiplication  is  continuing,  the  type  of  the  perfect  insect  is  never 
evolved,  since  no  true  sexual  characters  make  their  appearance.'  So, 
again,  the  **  generation"  cannot  be  said  to  be  completed,  until  a  perfect 
pair  of  male  and  female  Aphides  shall  have  been  evolved,  capable  of  con- 
tinuing their  race  by  the  process  of  true  sexual  generation ;  and  this  evolu- 
tion may  be  postponed  for  a  much  longer  period  than  usual,  by  preventing 
the  animals  from  being  subjected  to  that  depression  of  temperature,  whkh, 
at  the  end  of  the  warm  season,  ordinarily  seems  to  check  the  genmiipnroQS 
multiplication,  and  to  call  into  exercise  the  true  sexual  operation.*— Seve- 
ral other  instances  have  been  put  on  record,  in  which  female  insects  whidi 
have  been  kept  separate  from  males,  have  nevertheless  produced  fertile 
ova. — A  remarkable  case  has  lately  been  discovered  by  Prof.  Filippi,*  in 

*  See  Mr.  Newport's  valuable  Papers  on  the  Myrinpoda  in  the  **  Linntean  Trtnste- 
tions,"  vol.  xix.,  and  in  the  "Philosophical  Transactions"  for  1841,  1843,  And  1841 

2  See  Leydig  in  **  Sicbold  and  Kolliker's  Zeitschrift,"  1850. 

3  The  viviparous  puptc  are  usually  spoken  of  as  "females;"  but  they  have  no  mart 
real  title  to  this  designation,  than  is  possessed  by  a  Hydra  which  is  budding  off  ne* 
polypes  from  its  body. — For  a  fuller  and  more  controversial  exposition  of  the  AaUior'* 
views  on  this  subject,  which  are  fully  shared  by  Mr.  Huxley,  see  the  **  BriL  and  fof« 
Med.-Chir.  Rev.,"  vol.  iv.  p.  443. 

*  See  "  Burmeister's  Entomology"  (translated  by  Shuckhard)  p.  810. 

*  See  "  Annals  of  Natural  History."  2d  Ser.,  vol.  ix.  p.  461. 
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wliicb,  iQ  a  parasitic  larra  rcserabling  that  of  a  Dipterous  iDsect,  a  reticle 
makes  its  appearance,  that  i^raduallj  deyelops  itself  into  the  larval  form  of 
a  Ilymenoptcrous  Insect ;  this  iuternal  gemma,  for  such  it  appcan?  to  be, 
gradiially  distends  the  larval  body  which  preceded  it,  reducing  it  at  last  to 
a  mere  sac ;  and  in  due  time,  after  passing  into  the  pupa  st-ate,  it  finalljr 
comes  forth  as  a  PeieromahiM,  one  of  the  Ichneumon  tribe.  The  uniformity 
of  this  curious  occarrence  seems  to  forbid  its  being  regarded  as  a  case  of 
parasitism,  which  we  might  otherwise  he  disposed  to  consider  it  j  and  it 
can  scarcely  be  ranked  in  any  other  category  than  that  of  iart^al  gein- 
motion. 

58L  All  perfect  Insects  possess  true  Generative  organs;  and  It  is  by 
them  alone,  that  their  reproduction  is  accomplished.  Throughout  the 
whole  of  this  immense  group,  the  sexual  organs  are  constmcted  npon  a 
plan  essentially  the  same.  They  are  invariably  dicecioas;  and  the  outlet, 
both  of  the  male  and  female  organs,  is  situated  at  the  posterior  extremity 
of  the  body.  The  testes  are  aU^VS  formed  of  csecal  tubulin  resembling 
those  of  glands  in  general;  but  there  is  Buch  a  variety  in  the  mode  in 
ivhiclMliese  organs  are  disposed,  that  as  many  as  twenty-four  different  types 
of  them  have  been  enumerated.  The  spermatic  duct  is  often  fumisLed  with 
a  Ycsienlar  dilatation,  which  serves  as  a  reservoir  for  that  fluid  j  and  it  ter- 
minates in  a  penis  or  introraittent  organ,  which  is  usually  inclosed  in  a  pair 
of  valves  prolonged  from  the  last  segment  of  the  abdomen^  The  penis,  or 
some  neighboring  part,  is  frequently  furnished  with  recurved  hooks,  that 
take  a  firm  hold  of  the  female  daring  the  act  of  coition*  The  ovaria  of  the 
female  are  formed  upon  very  much  the  same  plan  as  the  testes ;  and  pre- 
sent a  similar  variety  in  the  arrangement  of  their  parts.  The  number  and 
degree  of  prolongation  of  their  cteca,  are  usually  in  relation  with  the  fer- 
tility of  the  species;  and  this  is  greatest  in  those  Social  Insects,  in  which  a 
large  proportion  of  the  individuals  never  attain  their  full  sexual  perfection, 
tbe  aumher  of  fertile  females  being  very  small.  The  development  of  the 
several  parts  of  the  ovum  may  be  advantageously  studied  in  this  class ; 
since  tlie  same  ovarian  ciucura  very  commonly  contains  ova  in  different 
stagefl  of  development.  Here,  as  elsewhere  (§526),  the  ovisac  appears  to 
be  the  part  first  formed,  as  the  parent-cell  of  the  ovum;  this  at  first  closely 
embraces  the  germinal  vesicle,  hut  soon  a  granular  matter,  the  vitellus,  is 
interposed  between  them ;  and  when  thts  has  accumulated,  a  proper  enve- 
lop, the  vitelline  membrane,  is  developed  around  it The  females  of  many 

iosects  are  provided  with  a  spermoiheca^  or  receptacle  for  the  seminal  fluid 
of  the  male ;  into  this  the  fliild  is  received  during  coition ;  and  there  it  is 
retained,  without  the  loss  of  the  vitality  of  the  spermatozoa,  for  many 
weeks,  so  that  each  ovum  is  fertilized  as  it  approaches  the  outlet.  This 
outlet  is  frequently  prolonged  into  an  ovipositor;  an  instrnmeut  produced 
from  the  last  segment  of  the  abdomen  (and  apparently  homologous  with 
the  sheath  of  the  penis  in  the  male),  by  which  the  ova  may  be  conveyed 
into  situations  peculiarly  approj>riate  for  their  reception.  Special  instru- 
ments are  frequeutly  developed  in  connection  with  the  ovipositor,  by  which 
the  parent  is  euabled  to  bore,  or  even  to  saw  out,  a  fitting  receptacle ;  and 
the  various  provisions  which  are  made  in  these  and  other  ways,  for  the 
protection  of  the  eggs  and  for  the  supply  of  food  to  the  larvifi  when  hatched, 
are  among  the  most  curious  manifestations  of  the  inatinch  of  this  wonderful 
'■      class. 

1  582,  The  mode  of  Development  of  the  Insect-larva  within  the  egg,  seems 

I       not  very  dissimilar  to  that  which  has  been  already  described  in  the  inferior 
I       Artieulata.     The  entire  yolk  is  divided  by  segmentation  in  the  usual  man- 
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:*•-  r^:  :hi$  subdivision  takes  place  most  minntely,  and  the  formation  of 
.-:  -  .o:ur^  most  completely,  at  the  peripheral  portion ;  so  that  the  first 
:■.  :  i..::.*a  of  the  embryo  within  the  egg^  like  that  of  the  free-swimming 
:_.":  ::}•.>  of  Annelida,  is  a  somewhat  elongated  body,  composed  of  the  Titel- 
...;■  iass  included  in  a  cellular  envelop.  This  envelop,  however,  is  first 
.vusplotcd  on  that  which  is  to  become  the  rcwfra/ surface  of  the  body;  and 
or.  the  dorsal  aspect  a  broad  open  space  is  for  some  time  left,  through 
which  the  yolk  may  be  clearly  seen.  This  simple  elongated  body,  however, 
5;oou  exhibits  a  constriction,  which  marks  out  the  cephi^lic  portion ;  and 
other  segmental  divisions  early  begin  to  show  themselves,  thus  indicating 
the  Articulated  character  of  the  animal,  almost  before  its  internal  organiza- 
tion can  be  said  to  have  commenced.  The  dorsal  opening  is  gradually 
closed ;  and  the  cellular  membrane  formed  around  the  yolk  presents  a  con- 
siderable increase  in  thickness,  owing  to  the  formation  of  new  layers  of 
cells.  At  the  same  time,  the  cells  upon  the  surface  of  the  included  vitellus 
are  undergoing  subdivision  and  metamorphosis ;  and  these  form  the  walls 
of  the  alimentary  canal,  which  thus  includes  the  residue  of  the  yolk.  T»- 
rious  collections  of  shells  are  shortly  seen,  which  are  the  respective  founda- 
tions of  the  different  organs  that  are  to  be  developed  in  the  larva ;  but  the 
parts  that  usually  first  present  an  approach  to  the  characters  they  present 
after  the  emersion  of  the  embryo  from  the  ovum,  are  those  which,  being 
concerned  in  mastication,  are  most  directly  subservient  to  that  function 
which  the  larva)  exercise  with  such  extraordinary  energy,  immediately  on 
their  entrance  into  the  world.  The  mouth  and  anus  are  formed,  ^  in 
other  cases,  by  the  thinning  away  of  the  envelop  which  at  first  included 
the  entire  cavity;  and  not  unfrequently  the  second  of  these  orifices  has  not 
made  its  appearance,  at  the  time  of  the  escape  of  the  larva  from  the  egg. 

583.  No  Insects  come  forth  from  the  egg  in  their  perfect  condition;  ind 
their  state  in  many  cases  at  the  time  of  emersion  is  quite  embryonic;  ?o 
that  it  is  usually  not  until  a  series  of  very  considerable  changes  have  taken 
place  in  external  configuration  and  internal  structure,  together  constituting 
what  is  known  as  the  "  metamorphosis,"  that  the  complete  development  of 
the  specific  type  is  attained.  The  amount  of  this  metamorphosis,  and  the 
mode  in  which  it  is  accomplished,  vary  considerably  in  the  different  orders 
of  insects ;  but  three  stages  are  usually  marked  out,  more  or  less  distinctly, 
in  the  life  of  each  individual.  The  term  Larva^  in  the  ordinary  langoage 
of  Entomology,  is  applied  to  the  insect,  from  the  date  of  its  emersion  from 
the  egg,  up  to  the  time  when  the  wings  begin  to  appear ;  the  term  Pvpo  , 
is  in  like  manner  employed  to  mark  the  period  during  which  it  is  acquiring 
wings;  and  from  the  time  when  these  and  other  organs  characteristic  of  its 
perfect  state  are  completed,  it  is  spoken  of  as  the  Imago.  The  grade  of 
dovelopment,  however,  at  which  the  Insect  comes  forth  from  the  egg.  is 
very  different  in  the  several  orders  and  families ;  and  it  is  consequently  very 
uuphilosophical  to  associate  under  the  same  designation,  beings  which  ire 
in  conditions  essentially  diverse.  In  all  cases,  the  embryonic  mass  within 
the  egg  is  first  converted  into  a  footless  worm,  resembling  the  higher  En- 
iozo;i  or  the  inferior  Annelida  in  its  general  organization,  but  posscssmg 
the  number  of  segments — thirteen — which  is  typical  of  the  class  of  Insects. 
Sach.  in  the  Diptera  and  Hymenoptera^  and  in  some  of  the  CoUoptera,  is 
I  bo  cvmdition  of  the  larva  at  the  time  of  its  emersion  from  the  egg;  ^^ 
■'  is  remarkable  that  many  of  the  larvic  of  the  first  of  these  groups  resemble 
IiMtozoa  in  their  parasitic  habits.  The  head,  in  larvro  of  this  kind  (which 
.i:-e  rliiiiiliarly  known  as  "maggots''),  differs  but  little  from  the  segments  of 
'  -10  body ;  the  eyes  in  nmny  instances  not  being  developed,  and  the  month 
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being  furnislicd  with  a  mere  suctorial  disk.  In  the  Lepidopiera  and  most 
of  the  Cukoptera,  however,  the  larva  at  the  time  of  its  emersion  possesses 
the  rudiments  of  the  three  pairs  of  thoracic  legs,  although  thej  are  little 
else  than  simple  claws  (Fig.  255,  1,2,3),  save  in  the  caraivorous  Beetles; 
whilst  in  addition  to  these,  seyeral  of  the  abdominal  iegments  are  furnished 
with  fleshy  tuhercles  or  pro-legs  (generally  to  the  namber  of  four  or  fire 
Ipairs),  which  are  peenliar  to  the  1  arrays tatc.  In  snch  larroe  (which  are 
commonly  designated  as  "caterpillars-'),  we  obscrre  a  remarkable  equality 
in  the  different  segments,  both  as  to  size,  form,  and  plan  of  construction, 
which  strongly  reminds  ns  of  the  Annelidap  The  alimentary  canal  occupies 
nearly  the  whole  of  the  canty  of  the  body,  and  passes  without  flexure  from 
one  end  of  it  to  the  other.  The  compartments  of  the  dorsal  vessel,  the 
respiratory  organs,  the  nervous  centres,  and  the  muscular  bands,  are 
repeated  with  great  regularity  j  and  there  is  as  yet  no  distinction  between 
the  thoracic  and  abdominal  portions  of  the  trunk  (Fig.  255),  The  head, 
however,  h  usually  protected  by  a  horny  coTenag,  and  is  provided  with 
simple  or  clustered  eyes  like  those  of  the  Mgber  Annelida  and  Myriapoda; 
and  the  month  is  furnished  with  powerful  cutting  jaws  for  the  division  of 
the  food*  which  is  usually  vegetable  in  Ob  nature.  In  the  Orthopterous 
and  Ilemipterous  orders,  on  the  other  hand,  these  stages  of  development 
are  passed  through  within  the  egg;  and  as  the  yonng  Insect  does  not 
emerge  thence  until  it  has  attained  a  higher  grade^  in  which  it  presents  a 
close  resemblance  to  its  parents  in  almost  cvei'y  particular  save  the  want  of 
wiEgs,  it  cannot  be  regarded  as  having  the  characteristics  of  a  real  larva. 
This  is  the  case,  too,  with  some  of  the  Ooieoptera,  in  which  order  wc  find  a 
considerable  variety  as  regards  the  stage  of  development  at  which  the 
embryo  quits  the  ovum. — In  the  true  Larva  condition,  the  whole  energy 
seems  concentrated  upon  the  nutritive  functions;  the  quantity  of  food  de- 
Toared  is  enormous ;  and  the  increase  in  the  bulk  of  the  body  is  very  rapid. 
Dtiring  this  rapid  growth,  the  caterpillar  throws  off  and  renews  its  epider- 
mis several  times  j  but  the  larvoo  of  the  Ilymenoptera  and  Diptera  do  not 
undergo  this  exuviation  until  they  pass  into  the  pupa  state,  their  integu- 
nient  being  soft  enough  to  yield  to  the  distension  from  within.  The  sexual 
organs  are  but  little  developed  during  the  larval  period ;  but  their  rudi- 
ments may  be  detected.  The  activity  of  groirth^  however,  seems  to  super- 
sede in  the  larva  the  progress  of  devd&pment;  for  tlie  tissues  remain  in  an 
embryome  state,  and  the  organs  retain  their  original  condition  with  little 
or  no  essential  change  except  in  size,  until  a  sufficient  store  of  nutriment 
has  been  taken  into  the  system,  to  serve  as  the  pabulum  for  all  the  subse- 
quent developmental  operations,  by  which  the  fabric  of  the  perfect  Insect 
is  to  be  completed. 

584,  Of  the  mode  in  which  the  Insect  enters  the  Pupa  state,  and.  of  its 
condition  in  that  state,  no  general  statement  can  be  made ;  since  they  corre- 
spond for  the  most  part  with  the  grade  of  development,  which  the  larva  has 
previously  attained.  Where  it  already  possesses  the  geneml  form  and  struc* 
tare  of  the  Imago,  and  little  else  is  required  for  its  completion  than  the 
development  of  the  wings  and  of  the  sexual  organs,  this  is  usually  elTected 
without  any  cessation  of  its  activity ;  and  after  the  first  moult,  which  is  re- 
garded as  marking  the  eommeuceraent  of  the  pupa  state,  it  continues  to 
move  about  and  to  take  food  as  usual,  whilst  its  wings  are  sprouting  and 
gradually  becoming  elongated  beneath  the  next  skin.  This,  again,  is  ex- 
uviated, and  the  wings  as  yet  unexpanded  are  seen  on  the  exterior  of  the 
body.  After  a  third  moult,  the  wing?,  which  were  previously  short,  thick, 
and  soft,  arc  caused  to  expand,  probably  by  the  injection  of  air  into  their 
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trachess  \  and  no  change  eabsequently  takes  place.  Such  is  the  ewe  with 
the  Orihopfera,  Hemiptera,  and  some  ^'europiera,  II  Is  curioiii  to  observe 
that  in  tlic  viviparous  broods  of  Aphides  {§  580),  ueithef  metamorphom 
nor  moulting  takes  place ;  but  that  the  process  of  gammattoa  is  perfofiiittl 
10  a  condition  which  corresponds  with  that  of  the  larvsB  of  the  perfect  in- 

Fig.  2^5. 


Ideal  «<^ctiollJ  of  LarrR  (Fig,  2'^^}  and  Pupa  (Fig.  2j6)  af  Sphinx  Li^uHri  {Wig,  5TK  ifc««- 
in£  (he  relative  FtaU  and  position  Qt  their  orgnDA:— ]-L%  tb«  su&ocfviTO  «egiB«iiti;  n^m^4m- 
8al  TesiBcl;  h,h^  llgnmpatoUB  bands  holding  it  ia  ita  place;  e,  ttiopbagaji;  d^  HftMCli;  t, 
mt4^iUoa1  oatiiil;  /,  biUarj  tubuU|  ^p  oiccttm;  A,  cloaca;  i,iexual  or^ii ;  i%  ci<phati«  nMfte, 
from  wbleb  the  ¥ctitr&I  gangltated  «ord  l«  eecii  ps««iDS  backwardf,  wHmg  the  ta<^r  nf  li«  tSitsx 
and  (ibd4>raen* 

Ei^cts  developed  at  the  end  of  the  season ;  ns  if  the  vital  force  whieh  woqU 
otherwise  be  directed  to  the  complete  evolution  of  the  individual,  Ifi  bae 
employed  in  the  multiplication  of  the  race. — In  the  Vokopteru,  Ltpidt^ 
trra,  jfl^menoptera^  Diplera,  and  some  Neuroptera,  however,  the  pupa  «t»te 
\&  one  of  complete  inactivitj,  ns  regards  all  the  manifestations  of  ammat 
life;  although  the  formative  processes  are  then  carried  on  with  cxtraardi* 
nary  energj*.  The  imperfect  larvae  of  these  orders,  na  we  have* already  sees, 
arc  truly  embryonic  in  their  condition;  and  the  proccssci  of  developmeitt 
which  were  commenced  within  the  eg^,  and  which  were  then  only  cmrried 
far  enough  to  enable  the  larvse  to  coiue  forth  and  obtain  their  own  naui- 
inent,  arc  now  continued  at  the  expense  of  the  food  which  they  have  roj- 
Icetcd  and  stored  up  within  their  bodies;  so  that  the  passage  int4>  the  pupa 
Ntatc.  in  such  cases,  may  be  fairly  likened  to  a  re-entrance  into  the  m^. 
Tlie  pupa  is  inclosed  in  the  last  skin  exuviated  by  the  larva,  whleli,  iast^ 
of  lieing  thrown  off,  dries  up  and  remains  to  encat^e  the  proper  ekiu  of  tbf 
pupa  that  is  formed  beneath  it ;  and  in  addition  to  thin  it  U  frequenUy  pro* 
tectcd  by  a  silken  ** cocoon/*  the  construction  of  which  wan  the  Ui3<t  act  of 
larvid  lifv.  The  duration  of  the  pupa-condition,  and  thi^  rate  at  which  the 
dcvi^lopmental  changes  take  place,  vary  considerably  in  different  cuses;  ftotnc 
Ifi>rcts  remaining  in  this  state  for  years,  whilst  others  p&ni^  through  it  tai 
ft*vr  <hiys,  or  even  in  a  few  hours  \  in  botli  coses,  howeicr»  an  important  in* 
ttwcnee  is  exerted  by  external  temperature.  As  the  state  of  the  Pupa  li 
*.nr  of  rapid  transition,  it  cannot  be  said  to  have  any  chunictcristic  orginf' 
aiiun;  the  intermediflte  condition  {>f  its  structure,  however,  betwcea  tbtf 
nf  tiie  Larva  on  the  one  hand,  and  that  of  the  Imago  on  the  otbar*  Mdhoint 
in  Pig.  256. 

585.  The  of*iumption  of  the  Imafja  or  perfect  type  of  Insect  life*  l» 
ulwaya  marked  by  an  exuviation  of  the  integument  whicJi  coTtrml  tfat 
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pnpn;  and  with  this  are  cast  off  all  the  vestiges  of  the  orgflai  peculiar  to 
the  larva*statc,  wliiJc  the  wings,  the  truo  legs,  the  eonipound  6yftS,  the  nn- 
teniitr^  the  complete  mMticating'  or  suctorial  apparatus,  nnd  raanj  other 
organs^  arc  now  revealed  for  the  first  time  in  all  those  whose  pupa-condi- 
tion was  inactive.  The  wings,  however,  are  seldom  ready  for  use  at  the 
time  of  the  Insect's  emersion  from  the  pupa-case ;  being  usually  soft  and 
moist,  banging  loosely  at  the  sides  of  the  body,  and  only  acquiring  that 
rigidity  which  is  requisite  to  give  them  the  power  of  serving  as  organs  of 
impulsion^  when  their  tracheae  have  been  forcibly  distended  with  air 
(§  304),  The  nutritive  apparatus  of  the  Imago  is  far  less  dcvelojicd  rela- 
tively to  the  muscular,  nervous,  and  seximl  organs,  than  it  is  in  the  preced- 
ing conditions ;  and  its  subordination  to  the  offices  of  these  is  shown  by 
the  fact,  that  many  Insects  take  no  food  whatever  after  their  last  change, 
the  sole  puqiose  of  their  existence,  in  their  perfect  state,  being  the  propa- 
gation of  the  race  by  the  generative  process.  In  many  instances,  the 
duration  of  the  Imago-state  is  veiy  briefi  even  where  that  of  the  prepara- 
tory periods  has  been  very  long ;  a^  in  the  case  of  the  Ephemera  (Day-Qy), 
which  usually  dies  within  a  few  hours  after  its  last  change,  although  the 
term  of  its  preTious  life  as  a  larva  and  an  active  pupa  has  not  been  less 
than  two  or  three  years.  And  even  where  the  length  of  the  life  of  the  per- 
fect insect  is  much  greater,  as  in  Bees,  Wasps,  &c.,  it  seems  to  have  a  spe- 
cial relation  to  the  nurture  of  the  offspring,  which  are  tended  and  supplied 
with  food  during  the  whole  of  their  larva  state.  This  duty,  in  the  '*  social" 
Insects,  is  performed  by  the  "neuters'^  or  '*  workers,"  which  are  females 
whose  sexual  organs  have  not  been  evolved ;  their  sexuality  being  proved 
(in  the  case  of  the  llivc  Bee  at  least)  by  the  fact  that  they  may  be  deve- 
loped into  perfect  females  by  a  different  treatment  during  the  larva-Btute 
(§119).  In  the  Ant  tribe,  the  neuters  do  not  acquire  wings;  and  some 
uf  tliem,  which  arc  two  or  three  times  the  size  of  tlie  rest,  and  are  some- 
what differently  formed,  are  characterized  as  "  soldiers^"  their  special  office 
being  the  defence  of  the  nest  rather  than  the  nurture  of  the  young.  Among 
the  termites  (Wliite  ants),  however,  the  **  soldiers*^  appear  to  be  pupm 
arrested  in  their  development;  whilst  the  "  workers"  have  the  characters 
of  permanent  latva^,^~ln  the  Apterous  orders  of  Insects,  we  find  some 
tribes  undergoing  a  regular  metamorphosis,  which  is  complete  in  every 
respect  save  the  non-development  of  the  wangs.  Thus  the  larvoB  of  the 
Puhx  (Flea)  are  footless  worms,  which  afterwards  pass  into  the  pupa- 
gtAte,  spinning  for  themselves  a  silken  cocoon ;  in  this  they  remain  inactive 
for  about  twelve  days,  after  which  the  imago  comes  forth,  having  the  rndi- 
mcnts  of  wings  attached  to  the  second  and  third  segments  of  the  body, 
though  without  any  proper  distinction  of  thorax  and  abdomen.  The  Pcdi- 
cuius  (Louse),  Podnra  (Spring-tail),  and  some  other  Aptera,  however, 
undergo  no  metamorphosis  j  coming  forth  from  the  i^gg  in  the  condition  in 
which  they  remain  all  their  lives;  aad  this  being  far  from  the  type  of  the 
perfect  Insect, 

58fn  Although  in  the  hijrher  Crmiacea,  as  in  Insects  generally,  the 
power  of  multii>HcaUoa  by  Gemmation  seems  entirely  wanting ;  yet  in  the 
Eiitomostraeous  group  we  have  instances  of  it,  which  seem  to  correspond 
iti  their  essential  features  with  the  case  of  the  Aphis  (§  580),  For  whilst, 
la  Duphnia,  the  true  sexual  Generation  takes  place  at  certain  seasons  only 
(the  males  disappearing  entirely  at  other  times),  a  non^sexnal  production 
continacs  at  all  periods  of  the  year,  so  long  as  warmth  and  food  are  sup- 
pliedj  and  is  repeated  by  each  of  the  successsive  broods  thus  evolved;  and 
the  same  appears  to  be  the  ease  with  Ct/pris,  the  male  of  which,  however, 
33 


594  OF  GENERATION  AND  DEVELOPMENT. 

has  not  yet  been  discovered.  It  seems  probable,  moreoTer,  that  the  pro- 
duction of  **ephippial  eggs,"  which  is  a  yery  peculiar  feature  in  the  phy- 
siological history  of  Daphnia^  is  to  be  considered  as  a  ease  of  **  larval 
gemmation."  For  the  first  trace  of  the  '^ephippium"  presents  itself  after 
the  third  moult,  as  a  collection  of  green  matter  in  the  ovaries,  which  differs 
from  a  mass  of  ova  both  in  color  and  in  appearance ;  this,  after  the  fourth 
moult,  passes  from  the  ovaries  into  the  "matrix,"  an  open  space  between 
the  back  of  the  animal  and  its  carapace ;  and  there  becomes  developed  into 
the  ''ephippium,"  which  is  a  mass  of  hexagonal  cells  of  dense  texture,  that 
incloses  two  oval  bodies,  each  consisting  of  ^n  ovum  covered  with  a  homy 
casing,  enveloped  in  a  capsule  which  opens  like  a  bivalve  shell.  The 
"  ephippium"  is  thrown  off  at  the  fifth  moult,  and  floats  on  the  water  until 
the  next  year,  when  the  young  are  hatched  with  the  returning  warmth  of 
spring.  This  curious  ])rovision  seems  destined  to  afford  protection  to  the 
eggs  which  are  to  endure  the  severity  of  winter  cold ;  and  it  is  obviously 
analogous  to  that  production  of  '*  winter  eggs"  among  the  Rotifera,  which, 
as  already  pointed  out,  probably  results  from  an  act  of  gemmation,  not 
from  sexual  generation.  It  has  been  ascertained  by  Dr.  Baird,  that  the 
young  produced  from  the  ephippial  eggs,  and  kept  in  seclusion  from  each 
other,  have  the  same  power  of  continuing  the  race  by  non-sexual  reproduc- 
tion, as  is  i)Ossessed  by  those  developed  from  ordinary  ova.* — Although  no 
propagation  by  spontaneous  fission  or  gemmation  is  known  to  take  place 
among  the  higher  Crustacea,  yet  they  retain  a  power  of  regenerating  lost 
parts  which  is  truly  astonishing,  the  complexity  of  their  organization  being 
considered.  This  extends  to  all  the  members,  and  seems  essentially  con- 
nected with  the  moulting  process ;  the  new  limbs  making  their  first  appear- 
ance when  the  shell  has  been  cast  off,  and  becoming  more  and  more  like 
those  which  had  been  lost,  with  each  successive  exuviation.'* 

587.  Although  it  seems  probable  that  the  Entomostraca  are  dioecious 
like  the  higher  Crustacea,  yet  the  male  of  many  species  has  not  been  dis- 
covered ;  probably  on  account  of  its  dissimilarity  to  the  female  in  size  and 
aspect,  and  from  making  its  appearance  only  during  a  very  limited  period; 
as  is  the  case  with  many  of  which  the  males  are  known,  liaving  been  seen 
in  actual  congress  with  the  females.  A  single  act  of  copulation  serves  to 
impregnate,  not  merely  the  ova  which  are  then  mature  or  nearly  so,  bat  all 
those  subsequently  produced  by  the  same  female,  although  they  may  be 
matured  at  considerable  intervals.  The  eggs  of  some  Eutomostraca  are 
deposited  freely  in  the  water,  or  are  carefully  attached  to  clusters  of  aquatic 
plants ;  but  they  are  more  frequently  carried  by  the  parent  in  special  pouches, 
developed  from  the  posterior  part  of  the  body  by  an  extension  of  the  mem- 
brane covering  the  proper  ovaries  (Figs.  60,  b,  75,  b,  hh) ;  and  in  many 
cases  they  are  retained  there  until  the  young  are  ready  to  come  forth,  so 
that  these  animals  may  be  said  to  be  ovo-viviparous.  In  the  Daphma,  the 
eggs  are  received  into  a  large  cavity  between  the  back  of  the  animal  and  its 
shell ;  and  there  the  young  undergo  almost  their  whole  development,  so  as 
to  come  forth  in  a  form  nearly  resembling  that  of  their  parent.  Bat  in 
most  Eutomostraca,  the  young  come  forth  from  the  ^^^,  at  once  into  the 
world,  in  a  condition  that  differs  essentially  from  that  of  their  parent ;  esp^ 
cially  in  having  only  the  thoracic  portion  of  the  body  as  yet  evolved,  and  in 
possessing  but  a  small  number  of  locomotive  appendagea ;  the  visual  organs. 

'  "Natural  History  of  British  Eutomostraca/'  published  by  the  Ray  Sfjcicty.  pp- 
79,  80. 

'  For  a  number  of  curious  examples  of  this  phenomenon,  see  Sir  J.  0.  DaljelTf 
'•Powers  of  the  Creator  displayed  in  the  Creation,"  toI.  i.  pp.  109,  H  9tq. 
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DO,  being  frequently  wanting  at  first  (Fig,  60,  e — g).  The  process  of  de- 
•Velopmcnty  liowever,  takes  place  with  great  rapidity ;  the  animal  at  eaeli 
successive  moult  (which  process  is  very  commonly  repeated  at  intervals  of 
a  day  or  two)  presenting  some  new  parts,  and  becoming  more  and  more 
like  its  parent.  In  the  cas^e  of  the  jjarasitic  Buctorial  Eiitomostraea,  the 
ehaijge  of  form,  at  least  in  the  female,  is  often  veiy  remarkable ;  but  it  is 
oecaBioued  for  the  most  part,  by  the  development  of  the  prehensile  appa- 
ratus by  which  the  parftsite  attaches  itself  to  the  seat  it  has  selected,  and 
by  the  cnonnoua  enlargement  of  the  ovaries  and  egg*sacs^  which  often 
assume  very  stTuuge  forms  (Fig.  75,  c — p), — The  early  development  of  the 
ovum  has  yet  been  only  imperfectly  studied  j  but  it  would  seem  m  if  the 
whole  mass  of  the  yo]k*cells  formed  by  segmentation^  goes  at  once  to  tram- 
form  itself  into  the  embrj^onie  structure,  as  in  the  lower  Articulata,' 

588.  The  sexes  are  umiouhtertly  distinct  among  all  the  higher  Crugtacea ; 
and  the  fertilization  of  the  ova  is  efifected  by  an  act  of  copnlation,  whilst 
they  arc  yet  within  the  body  of  the  female.  The  Generative  apparatus,  in 
the  one  sex  as  in  the  other,  presents  this  remarkable  difference  from  that  of 
Insects,  that  the  two  lateral  halves  of  it  do  not  unite  on  the  median  line  so 
as  to  have  a  common  outlet  j  bat  that  the  external  orifices  of  the  seminal 
organs  and  of  the  ovaries  are  separate  on  tile  two  aides.  This  independence 
of  the  lateral  halves  of  the  sexual  apparatus  appears  to  have  some  relation 
with  the  frequency  of  *' lateral  hermaphrodism"in  this  class  j  monstrositiee 
being  of  no  unasual  occurrence,  in  which  the  male  character  is  exhibited 
by  the  sexual  organs  of  one  side  and  the  female  by  those  of  the  other.  A 
progressive  complication  in  the  stnicture  of  the  generative  apparatus  pre- 
sents it.sclf,  m  we  ascend  from  the  lower  to  the  higher  forms  of  this  division 
of  the  Crustacea;  for  whilst  in  the  inferior  tribes  the  testes  consist  of  a 
small  number  of  vesiclc!?  opening  into  a  common  tube  on  cither  side,  each 
ia  maxle  up  in  the  higher  of  a  ma^  of  minute  couvolatcd  tubes  (Fig.  58,/), 
opening  into  a  common  duct,  which  18  often  dilated  into  a  receptacle  for  the 
seminal  secretion ;  and  the  ovaria,  also,  which  are  bat  a  pair  of  simple 
lacculi  in  the  inferior  tribes,  show  a  division  in  the  superior  into  the  proper 
ovaries  (which  are  long  branching  ca?ea  communicating  with  each  other  on 
the  two  sides),  the  oviducts,  and  the  spermothects  or  cojiulatory  poiTf*hes. 
The  orifices  of  the  male  organs  are  usually  stated  to  be  in  the  first  joints 
of  the  last  pair  of  thoracic  limbs;  and  it  has  been  supposed  that  the  first 
mud  second  pairs  of  abdominal  appendages,  or  false  legs,  serve  as  exciting 
organs,  BVom  the  observations  of  Mr.  Spence  Bate,*  however,  it  appears 
that  the  spermatic  duet  of  each  side  passes  on  as  a  membranous  tuljc  from 
the  base  of  the  thoracic  duct  to  the  first  or  Bccond  abdominal  appendage, 
and  rang  to  the  extremity  of  this,  which  thus,  as  it  is  introduced  into  the 
female  canals,  becomes  a  true  penis  or  introniittent  organ>  The  spermatic 
fluid,  received  and  stored  up  in  the  spermotheca  whilst  it  is  itself  immature 
(I  521),  may  renmin  there  for  a  considerable  time,  and  may  fertilize  ova 
which  are  far  from  being  completely  developed  at  the  time  of  copulation. 
The  fertilised  ova,  after  their  extrusion  from  the  oviduct,  are  usually  carried 
about  by  the  female  parent,  supported  either  by  the  thoracic  or  by  the  ab- 
dominal appendages,  until  the  embryo  is  nearly  ready  to  come  f(:)rth;  and 
special  provisions  for  their  protection  are  afforded,  in  many  Crustacea,  by 
the  peculiar  development  of  these  appendages. 

'  S«e  Prof.  Vnn  Beneden  "Bur  le  D^Teloppemeiit  des  Nicotho^s,"  lo  **  Ann.  des  Sci. 
Kat,"  S*  S4r.,  ZooL,  torn,  xlil. 
*  "Ann.  of  Nat.  Hist.,*'  2d  Bar,,  \o\.  \i.  p.  lOt*. 
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589.  The  early  stages  of  embryonic  Development  in  the  Cmstacea  have 
not  yet  been  fully  made  out.     It  would  seem  as  if,  in  the  Decapods  (as  in 
tlic  Aracbnida),  the  germinal  membrane  springs  from  a  spot  on  one  side, 
instead  of  arising,  as  in  Insects,  out  of  the  peripheral  portion  of  the  "  mul- 
berry mass"  by  the  more  minute  subdivision  of  its  cells.      HoVrcver,  it 
graclually  extends  itself  round  the  yolk,  the  dorsal  region,  as  in  Insects, 
being  the  last  to  close  in ;  and  whilst  it  is  yet  but  a  disk  on  one  side  of  the 
yolk,  it  exhibits  a  distinct  separation  between  the  cephalic  portion  and  the 
trunk,  other  indications  of  segmental  division  making  themselves  apparent 
as  the  development  proceeds.    Here,  too,  as  in  Insects,  the  parts  about  the 
mouth  are  the  first  to  attain  some  degree  of  complctement.     The  relation 
which  the  young  Crustacean,  at  the  time  of  its  emersion  from  the  ^^^,  bears 
to  the  adult,  seems  to  differ  greatly  in  different  tribes,  and  even  in  genen 
which  are  closely  allied ;  some,  as  the  Astacus  fiuviatiUs  (cray-fish)  and  Uic 
Gecarcmus  (land-crab),  coming  forth  in  a  form  which  corresponds  in  all 
essential  particulars  with  that  of  the  parent ;  wliilst  in  others,  as  the  Asiiau 
marinus  (lobster),  Palinunis  (rock-lobster),  Palemon  (prawn),  Crangon 
(shrimp),  and  Carcinus  mcenas  (common  crab),  the  form  of  the  joang  at 
the  time  of  its  emersion  differs  greatly  from  that  of  the  parent,  which  is 
only  acquired  after  such  a  series  of  changes  as  constitutes  a  tme  metamor- 
phosis.    In  most  of  the  latter  cases,  besides  other  alterations,  an  increase 
(which  is  sometimes  very  considerable)  takes  place  in  the  nnmber  of  seg- 
ments ;  it  is  not  due,  however,  as  in  Annelida  and  Myriapoda,  to  the  re- 
peated subdivision  of  the  terminal  or  penultimate  segment  only ;  for  the 
last  segment  of  each  of  the  three  great  divisions  of  the  body,  the  head,  the 
thorax,  and  the  abdomen,  seems  to  possess  the  gemmiparons  power,  so  thil 
the  number  of  segments  in  each  of  these  regions  is  separately  augmented. 
Generally  speaking,  a  strong  resemblance  exists  among  the  yonog  of  all 
the  species  which  undergo  a  metamorphosis ;  the  head  and  thorax  being 
included  within  a  large  carapace  (Fig.  7t,  a),  while  the  abdominal  portion 
is  so  much  developed  as  to  make  up  the  chief  part  of  the  length  of  the  body; 
and  the  thoracic  segments  being  furnished  with  '*  fin-feet,"  whUst  the  ab- 
dominal segments  are  destitute  of  appendages,  the  last,  however,  being 
flattened  out  into  a  large  tail-fin.     In  this  condition,  they  bear  so  strong  a 
resemblance  to  some  forms  of  Entomostraca,  as  to  have  been  actually  mis- 
taken for  members  of  that  group.     In  the  Macrou^ous  Decapods  (lobster, 
prawn,  &c.),  the  metamorphosis  chiefly  consists  in  the  replacement  of  the 
thoracic  fin-feet  by  true  locomotive  appendages  and  by  a  special  apparatas 
of  respiration  (§  294),  and  in  the  development  of  abdominal  appendages 
and  of  peduncles  to  the  eyes.    But  in  the  Brachyotira  (Crabs,  &c.)r  &in°^ 
more  complete  change  takes  place ;  the  thorax  being  gradoally  developed 
at  the  expense  of  the  abdomen,  which  becomes  rudimentary ;  the  swlmmini: 
members  being  replaced  by  limbs  fitted  only  for  walking,  whilst  those  of 
the  anterior  pair  are  developed  into  large  chela  or  claws  (Fig.  77,  b,c,d); 
and  a  special  respiratory  apparatus  being  developed  beneath  the  can^iace, 
the  eyes  also  becoming  pedunculated,  as  in  Macroura.* 

590.  The  mode  in  which  the  generative  operation  is  performed  in  the 
group  of  Cirrhtpeds,  the  real  rank  of  which  seems  to  be  that  of  a  sab-class 
of  Crustacea  (§  14),  presents,  according  to  the  recent  researches  of  Mr.  C. 

»  The  Metamorphosis  of  Crustacea  was  first  brought  to  light  by  Mr.  V.  ThompioOr 
**  Zoological  Researches,"  Part  I.,  and  "Philos.  Transact.,"  1836;  his  obsemtioos 
have  been  confirmed  by  Ducane,  Rathkc,  Goodsir,  and  R.  Couch;  an  adminible  Bom- 
mary  of  whose  investigations  is  contained  in  tlie  Introduction  to  Prof.  T.  Bell's  ''His- 
tory of  the  British  Stalk-Eyed  Crustacea." 
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Darwiu,  some  extremely  cutious  phenoraenn**  In  most  of  the  species  of  this 
group,  eacU  individual  possesses  both  khids  of  sexual  orj^ans,  and  appears 
to  he  self-fertilizing;  The  testes,  which  arc  small  and  leaden-eoloredj  lie  in 
apposition  with  the  stomachy  sometimes  entering  the  basal  segments  of  the 
members,  and  extending  (in  the  pedunculated  division  of  tbe  group)  into 
the  pellicles;  their  ducts  are  furnished  with  a  pair  of  large  vesieulm  semi* 
nales  ;  and  from  these  proeeed  two  canals^  whieh,  uniting  into  a  single  tube, 
convey  the  fluid  to  a  ]iroboscidifonn  penis  (Fig.  5»  f/),  often  of  consider- 
able length,  and  articulated  like  the  ciirhi.  The  female  genital  organs  are 
far  more  massive^  occupying,  in  the  pedunculated  division ^  a  great  part  of 
the  cavity  of  the  pedicle  with  hranehing  tubes^  as  well  m  fonuing  a  pair  of 
large  compact  glandular  raasHCS  in  the  body  itself;  the  relative  functions  of 
these  two  parts  are  not  certainly  known,  but  it  seems  not  unlikely  that  (as 
iu  many  Entozoa)  the  former  may  supply  the  vitelline  cells,  and  the  latter 
the  germinal  vesicles.  The  ova  of  the  Lepadkite,  when  mature,  burst  fortli 
from  the  ovarian  tubes  in  the  peduncle  and  round  the  "  sack**  (or  mantle- 
like  investment  of  the  body)  ;  and,  by  some  menuB  yet  imperfectly  understood, 
become  aggregated  into  two  lamellar  masses,  that  enfold  the  body  almost 
like  the  Yalvea  of  a  bivalve  Bhell,  and  arc  attached  to  it  by  a  fold  of  skin  on 
each  side.  These  lamellte  remind  ns  of  the  egg-sacs  of  the  RotifWa  and 
Etitomostraca  (Pigs.  60,  t5);  the  investment  of  the  ova,  however,  seems  to 

formed  J  not  as  in  these  groups  by  a  projection  of  the  membrane  of  the 
'proper  ovaries,  but  by  an  extension  of  the  curium  between  the  old  outer 
integument  which  is  about  to  be  exuviated,  and  the  new  chltine  tunic  formed 
within.  The  ova  are  probably  impregnated  after  their  escape  from  the 
ovaries,  when  they  first  find  their  way  into  the  ''  sack,"  and  whilst  the  mem- 
brane of  the  lame  11  IB  is  yet  tender;  and  thej  remain  in  the  lam  elite  until  the 
embryos  are  fit  to  come  forth,  A  general  account  of  the  subsequent  phases 
of  their  development  (the  early  stages  of  which  are  passed  through  within 
the  "sack"  of  the  parent)  has  already  been  given  (§  U). 

691,  Although  hermaplirodism  is  the  general  nile  in  this  group,  jet  there 
are  exceptions  to  t\m;  for  in  certain  species  of  lifia,  Scalpeihwj,  Alappe, 
and  Crtfptophialus,  the  sexes  arc  separate,  and  the  males  (as  in  many  Ento- 
moatraea)  are  very  inferior  in  size,  and  even  (as  in  some  Eotifera)  extremely^ 
imperfect  iu  organization.  In  IMa,  the  male  is  attjiched  to  the  "  sack"  of 
the  female;  it  has  a  we  11* organized  motith  supported  on  a  pednncle,  but 
has  no  more  than  a  ru<:liment  of  the  thorax,  and  only  two  pairs  of  aborted 
cirrhi.  In  some  species  of  Scaipelium,  the  males,  though  small»  and  attached 
within  the  valves  of  the  female,  have  the  ordinary  structure  of  pedunculated 
Cirrhipeds;  but  iu  other  species  they  are  far  less  completely  developed,  con- 
aisting  merely  of  a  sac,  with  rudiments  of  four  valves,  inclosing  a  singularly 
modiScd  thorax,  with  only  fonr  pairs  of  appendages  which  cannot  be  called 
eirrhi,  and  being  destitute  of  mouth  and  stomach.  The  males  of  Crypto* 
phiaius  and  Alcippe  are  even  more  rudimentaiy  *  for  they  are  reduced  to  an 
outer  envelop,  a  single  eye,  testes,  vesicnla  seminalis,  and  a  wonderfully 
elongated  proboscidiform  male  organ  ;  there  being  neither  mouth,  stomach, 
thorax,  abdomen, nor eirrhi.  It  maybe  doubted  whether  there  exist  in  the 
whole  animal  kingdom,  auy  creatures  in  a  more  rudimentary  condition  than 
these  males.  As  they  do  not  possess  a  month  or  stomach,  they  are  neces- 
sarily short-lived.     The  pupa  fixes  itself  on  the  female,  becomes  cemented 

herp  undergoes  its  last  metaraorphosia,  and  becomes  a  male  Cirrhipede; 

'  Sec  hia  **  Monograph  on  die  8ub-Class  Cirripadifi,'*  pu^bliaheJ  by  tho  Hflv  Society, 
(id  the  Art.  **  CirnpcJU,'*  h\  the  **  English  Cyolopredia/* 
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the  spermatozoa  are  matured  and  discharged ;  the  male  dies,  decays,  and 
generally  droi)S  off;  and  it  is  succeeded,  when  the  ova  in  the  female  are  next 
ready  for  impregnation,  by  one  or  more  fresh  males.  Owing  apparently  to 
the  small  size  of  the  males,  there  is  usually  more  than  one  attached  to  the 
female  at  the  same  time ;  and  in  the  case  of  Alcippe  lampas,  Mr.  Darwin 
found  no  less  than  thirteen  of  these  singular  parasitic  and  rudimentary  males 
attached  to  a  single  female. — It  is  still  more  singular,  however,  that  in  the 
hermaphrodite  Bi)ecies  of  IhJ<i  and  ScalpeUum^  there  shonld  be  found  malei 
resembling  those  of  the  unisexual  species,  and  attached  in  a  similar  manner. 
These  are  termed  by  Mr.  Darwin  *'  complemental  males,"  inasmuch  as  they 
seem  complementary  in  function  to  the  male  organs  of  the  hermaphrodite. 
Although  we  have  no  known  parallel  case  in  the  Animal  Kingdom,  yet  the 
Vegetable  world  furnishes  many  analogous  instances ;  it  not  being  at  all 
uncommon,  especially  among  the  Composiia,  to  find  male  flowers  (often  m 
a  rudimentary  condition,  like  the  "  complemental  males"  of  Cirrhipcds)  su- 
peradded to  perfect  hermaphrodite  flowers.  Within  the  limits  of  the  two 
genera  just  named,  therefore,  we  have  the  following  singular  varieties :  1st, 
a  female,  with  a  male  (or  rarely  two)  permanently  attached  to  ber,  protected 
by  her,  and  nourished  by  any  minute  animals  that  may  enter  her  sac ;  (2d) 
a  female,  with  successive  pairs  of  short-lived  males,  destitute  of  mouth  and 
stomach,  inhabiting  two  pouches  formed  on  the  undcr-sides  of  her  valves; 
(3d)  a  hermaphrodite  with  a  male  (occasionally  two  or  three)  attached  to 
the  interior  of  the  valves,  and  capable  of  seizing  and  devouring  prey  in  the 
ordinary  Cirrhipedal  method;  and  (4th),  a  hermaphrodite,  with  from  one 
or  two,  up  to  five  or  six,  short-lived  males,  without  mouth  or  stomach, 
attached  to  one  particular  spot  on  each  side  of  the  orifice  of  the  capitulom.* 
592.  In  the  class  Arachnida^  there  does  not  exist,  so  far  as  is  yet  knovn, 
any  example  of  Gemmiparous  reproduction ;  though  looking  to  the  very 
low  grade  of  development  of  some  of  the  Acaridte  (mites,  &c.),  and  tJie 
embryonic  condition  in  which  some  of  their  organs  and  tissues  remain,  it 
would  not  seem  improbable  that  the  same  mode  of  multiplication  may  pre- 
sent itself  among  them,  as  we  have  seen  to  exist  in  the  Aphides  and  in  cer- 
tain Entomostracous  Crustacea.  This  expectation  may  seem  to  be  justified 
by  the  large  amount  of  regenerative  power  (another  manifestation  of  the 
same  "germinal  capacity"),  which  exists  even  in  the  highest  Arachnida; 
for  tliis  extends,  as  in  the  Crustacea,  to  the  reproduction  of  entire  limbs.— 
The  sexes  are  separated  in  all  but  the  lowest  members  of  this  class ;  and 
the  ova  are  fertilized  by  a  complete  congress,  which  is  accomplished  among 
the  Araneid(B  in  a  very  curious  manner.  The  spermatic  organs  of  the  male 
Spider  are  two  long  worm-like  tubes,  which  commence  at  the  posterior  end 
of  the  abdomen,  either  by  a  simple  cascal  termination,  or  by  an  oblong 
vesicle ;  and  which  terminate,  either  by  a  single  or  double  orifice,  on  a  dfe 
in  the  integument  of  the  under  side  of  the  abdomen,  near  its  anterior  ex- 

*  *'  As  I  am  summing  up,*'  says  Mr.  Darwin  (op,  ciL,  p.  293),  «  the  singularity  of  the 
phenomena  here  presented,  I  will  allude  to  the  marvellous  assemblage  of  beings  aeci 
by  me  within  the  sack  of  an  Ibia  quadrivalvis ;  namely,  an  old  and  joung  male,  balk 
minute,  worm-like,  destitute  of  a  capitulum,  with  a  great  mouth,  and  mdimciitaiy 
thorax  and  limbs,  attached  to  each  other  and  to  the  hermaphrodite,  which  Utter  to 
utterly  different  in  appearance  and  structure;  secondly,  the  four  or  fire  free  boat-eh^wd 
Inrvro,  with  their  curious  prehensile  antennro,  two  great  compound  eyes,  no  mouth,  ni 
six  natatory  legs ;  and  lastly,  several  hundreds  of  the  larvro  in  their  first  stage  of  ^ 
velopment,  globular,  with  horn-shaped  projections  on  their  carapaces,  minute  sin^ 
eyes,  filiform  anteiinii?,  probosciformed  mouths,  and  only  three  pair  of  natatory  legfc 
>Vhat  diverse  beings,  with  scarcely  anything  in  common,  and  yet  all  belonging  to  th» 
same  species!" 
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tremiljr,  in  a  position  corresponding  to  tliat  of  the  vulva  of  the  female. 
The  palpi,  hoflrever^  contain  tho  orgauB  by  which  the  spermatic  fluid  is 
introduced;  each  of  these  being  furnished  %vith  a  tubular  Yjrojection,  termi* 
oated  by  a  horny  appendage,  which ^  when  not  in  uae^  iri  retracted  within 
the  last  joint  of  the  palp.  No  connection  whatever  can  be  traced  between 
the  organs  which  prepare  the  spermatic  fluid,  and  thefie  iiitromittcnt  instrn- 
ments ;  nevertheless,  it  has  been  ascertained  by  repeated  observations,  that 
110  closer  sexual  congress  takes  place,  than  the  iiitroduetiou  of  these  ap- 
pendages of  the  palpi  within  the  vulva  of  the  female ;  and  it  would  seem 
probable  that  the  male  himself  applies  these  appendages  to  his  abdoiuinal 
aperture,  and  charges  them  with  the  feriilissiug  fluid,  before  the  act  of 
iiitromission.  The  ovarium  of  the  female  Spider  is  a  simple  elongated 
vesicle,  closed  at  one  extremity,  and  communicatJug  at  the  other  with  a 
slender  oviduct,  that  terminates  at  the  corresponding  side  of  the  transverse 
fissure,  which,  as  in  the  male,  ia  situated  between  the  anterior  pulmonic 
cavities;  wlieu  this  ovarium  is  dilated  with  ova,  it  occupies  a  considerable 
part  of  the  abdominal  cavity.  The  peculiar  mode  of  sexual  congress  just 
described,  seems  to  have  relation  to  the  remarkable  instinct  which  prompts 
the  female  spider  to  attack  and  devour  the  male,  as  soon  as  the  fertilization 
of  her  ova  is  accomplished  j  which  her  superior  size  and  strength  enable 
her  to  dOj  if  he  remain  within  her  reach.  It  is  obvious  that  if  the  orifice 
of  his  sexual  canal  were  applied  to  hers,  his  danger  would  be  augmented 
with  this  closer  approximation.  It  is  carious  that,  with  such  an  instinct 
towards  the  opposite  sex,  the  attachment  displayed  by  the  female  towards 
her  offspring  should  be  of  most  extraordinary  strength.  The  ova  are  gene- 
rally enveloped  in  a  soft  and  warm  silken  cocoon,  wMch  she  guards  with 
the  most  jealous  care.  Some  species  carry  this  about  with  them  ;  others 
attach  it  to  trees,  or  hide  it  in  empty  snail-shellsL  Within  this  the  yonng 
remain  until  their  development  Is  completed,  and  they  then  make  their  way 
out.  The  mother  generally  foregoes  idl  nouriihmeat  during  her  watch; 
and  if  the  young  are  prevented  by  the  coldness  of  the  weather  from  coming 
forth  at  the  accustomed  time,  she  will  die  of  hunger  rather  than  quit  her 
post— In  the  ScGrpionidi^,  tho  testes  and  ovaria  are  formed  upon  the 
game  general  plan  as  in  the  Arancidte,  but  are  more  complex  in  their 
strocture ;  the  outlet  by  which  they  terminate  is  situated  at  the  middle  of 
the  under  side  of  the  last  segment  of  the  thorax ;  and  as  the  palpi  are  des- 
titute of  the  peculiar  appendages  which  they  possess  in  the  Spiders,  it  is 
probable  that  they  do  not  take  any  share  in  the  sexual  operation.  The 
ova  are  retained  in  a  dilatation  of  the  oviduct,  until  the  young  arc  mature ; 
so  that  the  egg-case  is  rnptured  ^vithin  the  body  of  the  parent,  nud  the 
young  are  born  alive. — There  seems  reaaon  to  believe  that  in  some,  at 
lea^t,  of  the  Acarid^,  the  sexes  are  united ;  and  in  the  larger  proportion 
of  this  order,  there  appears  to  be  no  definite  ovarium,  the  ova  being  lodged 
in  the  general  substance  of  the  tissacs. 

593-  The  history  of  the  embryonic  Development  of  the  Araehmdit  has 
hitherto  been  chiefly  studied  in  the  Spider ;  and  the  observations  of  He- 
rold*  upon  this  point,  valuable  as  they  are,  leave  ranch  to  be  elucidated  in 
tbe  early  history  of  the  process.  The  vitelline  sac  is  invested  in  an  outer 
tegument,  or  chorion;  and  between  the  two  is  a  layer  of  albumen,  as  in 
the  Powrs  ^gg.     The  vitcllus,  as  in  the  ovum  of  Cephalopods,  Fishes,  and 

rds,  consists  of  two  parts,  the  *'germ-yoll£,"  and  the  "  food*yoIk  j"  and 


'  •*Do  Genenvtione  Arttnearum  in  Oro,"  1824;  also,  tor  the  Se^rpioniitt,  K5Uiker  in 
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it  is  the  former  alone,  which  undergoes  the  process  of  cleavage.  A  cica- 
tricttlxif  or  "  germ-spot,"  is  thus  formed  on  one  side  of  the  principal  mas^ 
of  the  yolk ;  and  from  this  a  eellulo-membranous  expansion  takes  place, 
which  gradually  invests  the  whole  vitellus ;  the  part  which  is  to  become 
the  dorsal  region  of  the  animal,  being,  as  in  other  Articulata,  the  last  to 
close  in.  A  thickening  of  this  "germinal  membrane"  takes  place  in  the 
seat  of  the  original  germ-spot ;  and  it  is  here  that  the  foundation  is  laid 
for  the  development  of  the  principal  organs.  In  the  first  place,  the  part 
which  is  to  become  the  cephalic  segment  is  separated  by  a  constriction 
from  the  principal  mass ;  the  four  segments  of  the  thorax  are  indicated  by 
parallel  fissures  on  either  side ;  and  the  abdominal  portion  is  marked  off  by 
a  deeper  constriction;  The  rudiments  of  the  principal  appendages  to  the 
head  soon  begin  to  bud  forth  from  the  cephalic  segment ;  and  the  charac- 
teristic group  of  simple  eyes  early  shows  itself.  The  rudiments  of  the 
thoracic  members  soon  appear,  budding  forth  from  their  respective  seg- 
ments; and  the  simple  alimentary  canal  is  formed  around  the  vitelline 
mass,  at  first  wide,  but  gradually  contracting,  as  the  material  of  the  yolk 
is  appropriated  to  the  formation  of  the  tissues.  The  mouth  and  anas,  as 
in  other  cases,  do  not  make  their  appearance  until  a  later  period  ;  but  even 
up  to  this  time,  although  the  posterior  part  of  the  dorsal  vessel  is  seen 
along  the  upper  curvature  of  the  abdomen,  the  integument  has  not  com- 
pletely closed  in  over  the  dorsal  portion  of  the  thorax.  This  closure,  how- 
ever, gradually  takes  place ;  the  cephalic  and  thoracic  members  are  per- 
fected ;  the  development  of  the  internal  organs  advances  in  a  corrcspondinir 
degree ;  and  the  young  S])ider  comes  forth  from  the  egg  in  a  form  and 
condition  which  difler  very  little  from  that  of  its  parent,  whose  size  it  gra- 
dually attains  by  simple  growth, — Thus  the  whole  nisus  of  development  in 
the  Spider  appears  to  be  directed,  even  from  the  earliest  period,  to  the 
evolution  of  the  complete  organism ;  and  no  part  can  be  said  to  be  evoked 
for  a  mere  temporary  purpose,  the  entire  germinal  membrane  remaining 
persistent  as  the  integument  of  the  Animal. — Among  the  AcaricUe,  the  ova 
are  generally  deposited  and  left  to  themselves,  the  young  coming  forth  in 
due  time  in  a  form  resembling  that  of  their  parents,  except  that  they  hare 
only  six  legs  instead  of  eight,  the  deficient  pair  being  supplied  at  the  first 
moult. 

594.  In  no  animal  belonging  to  the  Fer^eiratec?  series,  do  we  ever  witness 
the  least  approach,  after  its  characteristic  form  has  been  attained,  to  the 
production  of  a  distinct  individual  by  Gemmation ;  but,  as  already  stated 
(§  475),  a  partial  separation  may  take  place  in  the  germinal  mass  at  an  early 
period  of  its  development,  which  may  give  rise  to  the  subsequent  evolution 
of  supernumerary  parts,  or  even  to  the  duplication  of  the  entire  structnre. 
This  mode  of  explaining  the  phenomena  of  "monstrosity  bj  excess"  is  the 
only  one  that  can  be  applied  with  the  least  show  of  probability  to  cases  of 
"monstrosity  by  inclusion."  In  these  last,  organs  and  tissues  that  seem 
like  fragments  of  a  foetal  body,  are  found  imbedded  in  the  midst  of  another 
organism ;  and  this  not  merely  in  the  bodies  of  females,  in  which  their 
presence  might  be  attributed  to  the  abnormal  development  of  the  normal 
generative  products ;  but  in  those  of  males,  in  which  no  such  origin  could 
be  assigned  to  them,  and  in  which  gemmation  at  an  early  period  of  embry- 
onic life  seems  the  only  admissible  alternative. — The  only  indication  of  the 
persistence  of  this  "germinal  capacity"  in  the  organism  which  has  once 
attained  the  Ycrtebrated  type,  is  that  which  is  exhibited  in  the  restoration 
or  reparation  of  lost  or  injured  parts ;  and  on  this  point  there  is  nothing 
to  add  to  what  has  been  already  stated  (§  4t5). 


595.  Tlie  type  of  tlie  true  Generative  apjmratus  in  the  class  of  Ftsfws^ 
jircsents  little  devation  above  tbat  vrliicL  it  possesses  in  the  higher  In  ver- 
tebra tji.  For  both  the  testes  and  ovarla  of  the  greater  number  of  Osseous 
Fishes  seem  to  be  eonstnicted  upon  the  same  plan  with  those  of  the  Cepha- 
lopoda; each  of  these  organs  having  a  common  cavity  into  whicli  their  pro- 
dticts  are  received^  and  from  which  thej  are  directly  conveyed  to  the  outlet 
by  an  efferent  duct-  In  all  the  Cartilaginons  Fishes,  however,  and  in  a 
few  of  the  Osseous,  the  arrangement  resembles  that  which  prerails  among 
the  biff  her  Yertebrata;  for  the  ovary  Is  unprovided  with  an  excretory  i3uct, 
end  the  ova  when  set  free  from  it,  fall  into  the  cavity  of  the  abdomen.  In 
the  Cyclostome  fishes,  they  find  their  way  ont  of  this  cavity  by  a  simple 
orifice  situated  behind  the  anas ;  an  an^angement  that  reminds  m  of  that 
which  exists  in  the  Earth-wona,  In  the  Sharks  aad  Rays,  on  the  other 
band,  the  margin  of  the  orifice  is  prolonged  inwards,  so  as  to  fonn  a  sort 
of  fiinneb  into  which  the  ova  are  received  when  they  escape  from  the  otary, 
and  which  eonreyK  them  towards  the  outlet;  an  arrangement  that  oliviously 
foreshadows  the  genital  canal  and  the  Fallopian  tubes  of  Mammalia.^ — ^In 
tlie  (hseom  FMes  generally,  there  Is  no  sexnal  congress;  but  the  ova  dis- 
charged by  the  female  are  fertilized  by  the  seminal  flaid  diffnsed  through  the 
Water  of  the  neighborhood  by  the  male.  In  the  case  of  the  Stickleback  and 
a  few  other  fishes,  however,  which  construct  nests,  it  appears  that  when  the 
ova  have  been  deposited  in  these,  the  male  discharges  his  seminal  fluid  upon 
them*  Of  the  ova  for  whose  fertilization  no  such  special  provision  exists, 
a  largo  proportion  are  likely  to  be  unproductive;  and  of  the  young  actually 
hatclied,  the  greater  number  soon  perish  for  want  of  protection  by  their 
parents,  falling  a  prey  to  the  voracity  of  other  ^shes.  Hence  arises  the 
neces^slty  for  the  enormous  fecundity  of  these  animals,  and  for  the  size  of 
their  generative  organs.  It  has  been  calculated  that  above  a  million  of 
eggs  are  produced  at  once  by  a  single  Cod ;  and  in  other  species  the  nmount 
may  be  still  greater.  A  very  ctinotis  fact  in  the  history  of  the  generative 
system  of  Fishes,  is  that  the  male  is  frequently  capable  of  the  reproductive 
act,  when  far  from  his  own  full  growth.  Several  mistakes  have  arisen  from 
this  source ;  the  young  with  fully  developed  milts  having  been  mistaken  for 
adults ;  and  having  been  described  as  distinct  species,  on  account  of  the 
difference  of  their  size  and  markings,  both  of  which  subsequently  undergo 
a  change.  Thus  the  fish  commonly  known  as  the  Parr,  is  actually  the 
young  of  the  Salmon  in  the  second  year. — ^Amongthe  CariHagmom  Fishes ^ 
on  the  other  hand,  the  fertilization  of  the  ova  is  usually  effected  whilst  they 
are  yet  within  tlie  oviducts,  by  an  actual  congress  of  the  sexes ;  and  there 
are  several  of  these,  in  which  the  embryo  undergoes  nearly  its  entire  dcvc- 
lopraeut  within  the  body  of  the  parent,  so  that  the  young  are  produced 
alive.  In  some  species  of  Ray  and  Shark,  the  oviduct  is  found  to  have  a 
sort  of  uterine  enlargement  near  its  termination,  in  which  the  ova  are  de- 
layed for  some  time,  and  in  which  they  receive  a  degree  of  additional  assist- 
ance from  the  parent,  which  foreshadows  the  more  complex  provision  for 
this  object  in  Mammalia,  There  is  no  direct  communication  between  the 
l>loodvesscls  of  the  parent  and  those  of  the  foetus;  but  the  membranes  of 
lie  latter  absorb  nutriment  from  the  extremely  vascular  lining  of  the  ovi- 
J net  of  the  former,  to  snch  an  extent  that,  in  the  Torpedo^  the  weight  of 
the  mature  fiEtns  is  between  two  and  three  times  that  of  the  egg.*     The 


'  In  tl»e8«  Aiiiiiial$,  tL©  temporary  brftGcbial  filotneats  are  «:streniely  long,  and  nppeiif 
ta  serve  as  special  nbsorbitig  orgnna;  lu  Dr*  Davy's  opiulon,  their  function  is  pftrticii- 
Ijirlj  ssuli^errient  ia  the  deirelopraer*t  of  the  electrical  appftratus.    See  bis  **  Anatomical 
ttd  rhytitplogical  Researches,"  toK  i,  p.  67. 
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ova  of  the  biglier  Cartilaginous  fishes,  in  which  their  fertilization  is  secured 
by  sexual  congress,  and  in  which  a  provision  of  some  kind  exists  for  their 
protection  during  the  period  of  embryonic  development,  are  much  fewer  in 
number  than  those  of  the  Osseous. — One  of  the  most  carions  provisions 
for  the  early  protection  of  the  offspring  in  this  class,  is  that  which  we  find 
in  the  Syngnathidoi  or  Pipe-fishes.  The  mcde,  in  most  of  these,  has  a  poneh 
on  the  under  side  of  its  body,  formed  by  the  meeting  of  two  folds  of  skm ; 
into  this,  the  eggs  deposited  by  the  female  are  conveyed ;  and  here  they  re- 
main, until  the  young  attain  a  considerable  degree  of  development.  Even 
when  able  to  swim  about  by  themselves,  they  seek  the  protection  afforded 
by  this  curious  contrivance ;  which  closely  resembles  that  with  which  we  are 
familiar  in  the  Marsupial  Mammalia,  dififering  from  it,  nevertheless,  in  the 
absence  of  any  special  means  of  affording  nutrition  to  the  embryo.  In  some 
species  of  this  group,  however,  the  pouch  is  absent ;  but  the  ova  are  re- 
ceived into  a  set  of  hemispherical  depressions  on  the  under  side  of  the 
abdomen,  to  which  they  attach  themselves  by  their  gelatinous  envelop.  The 
Gohius  niger  constructs  a  regular  nest  among  sea-weeds,  in  which  it  deposits 
its  ova ;  and  these  it  watches  with  maternal  care  until  they  are  hatched.  A 
very  elaborate  nest  is  constructed  by  the  male  of  the  fresh-water  Stidk- 
back;  and  it  is  carefully  watched  by  him  during  the  period  of  embryonic 
development,  in  order  to  guard  the  eggs  from  the  voracity  of  the  females, 
who  arc  continually  endeavoring  to  make  a  prey  of  its  contents. 

596.  In  Reptiles^  we  find  the  Generative  apparatus  exhibiting  a  manifest 
advance,  in  degree  of  organization,  from  the  highest  form  in  which  it  exists 
in  Fishes ;  and  the  fertilization  of  the  ova  is  not  left  to  the  chance  contact 
of  the  seminal  fluid  that  may  have  been  dispersed  through  the  neighboring 
water,  but  is  either  accomplished  before  they  have  been  expelled  from  the 
female  passages,  by  the  introduction  of  the  seminal  fluid  within  these,  or  ii 
the  very  act  of  expulsion.  The  latter  is  the  case  in  the  Frog  and  its  allies; 
the  former,  in  most  of  the  higher  Reptiles,  many  of  which  possess  a  penM 
or  intromittent  organ.  The  "  testes"  or  spermatic  organs  of  Frogs  show 
an  approach  to  the  structure  which  is  characteristic  of  higher  Vertebrati, 
being  composed  of  an  aggregation  of  numerous  short  cseca,  the  representa- 
tives of  the  tubuli  seminiferi ;  but  they  discharge  their  secretion  by  sevend 
excretory  ducts,  which  open  into  the  ureters,  instead  of  uniting  into  a  dis- 
tinct si>ermatic  canal  or  '*vas  deferens."  The  ovaries  of  the  female  are 
composed  of  duplicatures  of  a  vascular  membrane  in  which  the  ova  are 
developed,  and  these  lie  in  the  posterior  or  pelvic  portion  of  the  viscend 
cavity ;  but,  on  the  other  hand,  the  oviducts  are  prolonged  forwards  nearly 
as  far  as  the  heart,  and  there  terminate  by  open  fimbriated  extremities;  the 
ova,  therefore,  set  free  in  the  abdominal  cavity  by  dehiscence  from  the  sa^ 
face  of  the  ovary,  must  travel  from  the  posterior  towards  the  anteriw 
extremity  of  the  visceral  cavity,  before  they  can  enter  the  dilated  orifice  of 
the  oviduct  which  is  to  convey  them  forth. — In  the  higher  Reptiles,  the 
testes  exhibit  a  decided  advance  in  development,  in  the  greater  length  and 
convolution,  and  in  the  diminished  multiplication,  of  the  tabuli  seminiferi; 
and  the  products  of  each  testis  are  collected  into  a  single  excretory  dnct  or 
'*  vas  deferens,"  which  does  not  open  into  the  ureter,  but  either  dischargei 
the  spermatic  fluid  into  the  cloaca,  or  is  continued  as  a  groove  along  tfce 
penis,  and  conveys  the  fluid  to  its  extremity.  The-  internal  orifices  of  ifce 
oviducts  in  the  female  approach  more  closely  to  the  ovaries ;  and  these  • 
organs  present  a  more  compact  structure.  The  oviducts  invariably  open 
externally  into  the  cloaca,  and  the  ova  are  usually  discharged  soon  after 
fertilization,  if  not  before.     In  Batrachia,  Ophidia,  and  Sanria,  however, 
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there  are  certain  species  whkli  retain  their  ova  in  a  sort  of  uterine  cavity 
formed  by  a  dilatation  of  the  oviduct  near  its  extremity,  until  the  develop- 
ment *>f  their  contained  embryo  is  so  far  advanced/that  the  enveloping 
membrane  ruptures  in  the  very  act  of  the  expulsion  of  the  ovum,  or  even 
previously,  bo  that  the  young  are  born  ahve.  This  is  normally  the  case, 
for  example,  with  the  Land  Salamander,  and  frequently  also  wit!i  the  Viper, 
Slow -worm,  and  common  Lizard ;  the  egg  being  retained  until  the  embiyo 
has  attained  its  full  development,  and  the  enveloping  membrane  being 
usually  hurst  (as  Mr,  Bell^  considers)  in  the  act  of  parturition.  With  these 
animalst  as  indeed  with  all  Reptiles,  a  high  degree  of  heat  is  necessary  for 
the  maturation  of  the  eggs  \  a  portion  of  this  heat  seems  to  be  developed 
within  the  body  of  the  parent  herself,  by  some  peculiar  excitement  of  the 
calorifying  power  which  these  animals  possess  (§  444) ;  but  the  gravid 
female  may  often  be  seen  basking  in  the  sun^  acquiring  from  its  rays  the 
caloric  which  she  is  not  herself  capable  of  generating. — In  the  oviparous 
Reptiles,  it  is  not  common  to  find  the  parent  affording  any  protection  to 
the  eggs  when  once  deposited,  or  to  the  young  produced  from  them.  The 
Ptpa  Atnericana  (Surinam  Toad),  however,  ii  an  exception;  iu  this  spe- 
cies, the  female  has  oa  her  back  a  number  of  cells  hollowed  in  the  integn- 
ment;  in  these  the  eggs  are  t>laced  by  the  male,  when  she  has  deposited 
them^  and  here  they  remain  for  about  80  days,  during  which  time  the 
<^mbryos  undergo  their  metamorphosis,  so  as  to  come  forth  as  perfect  Frogs. 
It  has  been  satisfactorily  determined  that  the  gelatinous  mass  in  which  the 
ova  of  Frogs  are  imbedded,  serves  for  the  first  nutriment  of  the  young 
Tadpoles  on  their  emergence  from  the  eggj  and  the  same  is  probably  the 
case  in  many  other  instances. 

5^7-  In  JJinis,  the  generative  apparatus  does  not  manifest  any  great 
advance  beyond  the  form  it  presents  in  Reptiles ;  hut  there  is  always  a 

ErovLsion  for  the  fertilization  of  the  ova,  by  sexual  congress,  soon  after  they 
ftve  been  discharged  from  the  ovana.  The  "testes"  or  spermatic  organs 
of  the  male^  are  compact  bodies  of  a  globular  or  elongated  form,  situated 
close  to  the  upper  part  of  the  kidneys;  they  are  composed,  as  in  the  Mam- 
iDaliUp  of  long  convoluted  tubuli;  and  they  undergo  a  remarkable  develop- 
ment at  the  epoch  of  sexual  activity,  their  size  being  then  from  twenty  to 
fifty  times  as  great  as  it  is  at  other  periods.  The  left  testis  is  generally  the 
largest ;  but  we  never  find  it  aJone  developed,  and  the  right  testis  some- 
times equals  it  in  size-  The  two  seminal  ducts  discharge  themselves  into 
the  cloac^a  by  two  distinct  orifices  j  and  a  pair  of  papillary  elevations  in 
which  these  terminate,  constitute,  in  most  Birds,  the  sole  rudiment  of  a 
penis  or  intromittcnt  organ.  In  the  Ostrich,  and  some  other  Birds,  how- 
ever, a  distinct  penis,  furnished  with  erectile  tissue,  is  present ;  and  the 
seminul  ducts  are  made  to  open  into  a  groove  upon  its  upper  surfaeet 
which,  though  not  completed  into  a  canal,  serves  by  the  apposition  of  its 
lips  to  convey  the  fluid  to  its  extremity,  and  thus  to  deposit  it  within  the 
female  passages.  When  not  in  a  state  of  erection,  the  organ  is  entirely 
concealed  within  the  cloaca,— The  genital  apparatus  of  the  female  is  usually 
remarkable  for  its  unsym metrical  development ;  the  right  ovary  and  oviduct 
remaining  undeveloped  (Fig.  25tp/),  like  the  left  lung  of  Serpents.  Up 
to  a  certain  period  of  embryonic  life,  however,  these  organs  are  developed 
with  perfect  symmetry  on  the  two  sides;  and  in  some  of  the  Raptorial 
I    Jbirds,  they  present  an  equal  development  even  in  adult  age.     The  ovarium, 
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presents  an  approach  to  the  structure  of  this  organ  in  Mammalia;  being 

composed  of  a  "  stroma"  or  bed  d 
Fig.  257.  compact  fibrous  tissue,  iu  the  midst 

of  which  the  ova  are  evolved ;  its 
size  is  much  smaller  in  proportion 
Q-^  >£l^^^^  ^^  ^^^  whole  bod  J,  except  at  the 

period  of  the  development  of  the 
ova,  than  in  most  of  the  classes  we 
have  yet  considered.  It  is  covered 
by  an  envelop  of  its  own,  and  then 
by  the  peritoneum ;  its  surfi^e  is 
usually  smooth ;  bnt,  when  the  oti 
are  being  developed,  their  aze 
causes  them  to  project  more  or 
less,  so  as  to  form  a  number  of 
convexities  upon  it.  As  the  oii- 
sacs  enlarge,  they  gradually  pro- 
ject from  the  OTarinm,  canring 
before  them'  its  envelops ;  and  tt 
last  the  ovarium  presents  almost 
the  appearance  of  a  bunch  of  gnpcs 
(Fig.  257,  a),  the  ovisacs  hanging 
from  it  only  by  a  short  peduncle, 
which  contains  vessels.  Each  of 
these  projecting  bodies,  therefore, 
contains  an  ovum,  which  is  enT^ 
loped  in  its  ovisac;  around  this  is 
a  thin  layer  of  the  stroma;  this, 
again,  is  inclosed  in  the  proper 
envelop  of  the  ovarium,  consisCiBg 
of  two  layers,  of  which  the  inner 
one  is  vascular;  and  the  perito- 
neum envelops  the  whole.  At  last 
the  ovum  escapes  by  the  rupture  of  its  coverings ;  and  these  remain  as  i 
sort  of  cup,  wliich  is  termed  the  calyx,  and  which  subsequently  disappctis 
by  absorption. — The  oviduct  commences  by  a  wide  slit  (c),  which  recdtes 
the  ovum  at  its  escape  from  tlie  ovary;  at  its  lower  part  it  dilates  intoi 
thick  glandular  sac,  which  secretes  the  shell;  and  it  terminates  in  the 
cloaca  (</),  which  is  the  common  outlet  of  the  rectum  and  of  the  genito- 
urinary apparatus. 

598.  The  Ovum,  during  its  passage  along  the  oviduct,  receives,  is  is 
most  of  the  higher  animals,  an  additional  layer  of  albumen;  and  this  is 
surrounded  by  a  membrane,  which  has  been  commonly  regarded  as  com- 
posed simply  of  the  hardened  external  layer  of  the  albumen,  but  whieh  Itf 
in  reality  a  regular  fibrous  texture,  and  is  properly  homologous  with  tfce 
chorion  of  Mammalia  (§  002).  This  membrane  is  composed  of  two  layers, 
which  separate  at  the  obtuse  end  of  the  Qgfs:,  to  include  a  bubble  of  air;  its 
outer  surface  is  somewhat  shaggy,  and  sends  little  processes  into  the  shA 
which  is  formed  by  the  calcification  of  a  similar  membrane.  The  ontir 
part  of  the  albumen  is  extremely  watery ;  but  the  inner  part  is  viscid,  ti^ 
clings  closely  to  the  yolk.  The  yolk-bag  is  held  in  its  place  within  the 
i^^y:^  by  two  twisted  cords,  termed  chalaza,  which  appear  composed  of 
coagulated  albumen ;  these  arise,  by  a  funnel-shai>ed  expansion,  from  the 
sides  of  the  yolk-bag  opposite  the  i)oles  of  the  egg,  towards  which  thef 


Gcncnitivo  apparatus  of  the  common  Fowl: 
— a,  Finale  ovary,  situated  nearly  on  the  me- 
dian line;  /<,  loft  oviduct;  o,  its  funnel-phaped 
opening::  t/,  cloaca;  c,  rectum;  /,  right  oviduct 
atrophied;  //,  /,  ureter?. 
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In  this  manner,  the  yolk-bag  is  prevented  from  moving  towards 
end  of  the  egg ;  bnt  it  is  permitted  to  rise  towards  the  side  j  and, 
as  it  is  rather  lighter  than  the  albumen,  it  will  always  approach  the  shell, 
whichever  side  the  Qg^  may  be  resting  on.  Further,  it  is  permitted  to 
turn  tipon  its  awn  axis;  and  hence  the  ticatncula  or  germ-spot  (§  53J)), 
being  specifically  lighter  than  the  rest,  will  tilwnjs  bo  found  uppermost. 
By  this  very  simple  contrivancCj  two  necessary  conditions  are  provided 
for ;  the  embryo  is  placed,  during  its  development,  in  the  most  advanta- 
geous position  for  receiving  the  influenco  of  the  maternal  heat ;  nnd  it  is 
also  brought  into  the  nearest  possible  relation  with  the  external  air,  by 
which  the  aeration  of  lis  fluids  is  efTected.  Tho  former  condition  is  indis- 
pensable throughout  the  class,  except  in  a  few  instances,  in  which  the  solar 
heat  is  sufficiently  intense,  or  in  which  artificial  heat  is  designedly  substi* 
tated  (§  449).  The  latter,  here  as  elsewhere,  Is  absolutely  necessary  to 
the  development  of  the  embryo :  and  the  shelly  being  porous,  does  not 
interpose  any  obstacle  to  the  aeration  of  the  fluids  it  contains.' — Of  the 
various  provisions  so  remarkable  in  this  class,  as  in  that  of  Insects,  for  tlie 
protection  and  maintenance  of  the  young,  no  detailed  account  can  be  here 
given.  In  general  it  is  to  be  remarked,  however,  that  the  attention  which 
the  young  receive  after  they  break  the  shell,  is  prolonged  in  proportion  as 
the  plumage,  and  especially  the  feathers  of  flight,  are  to  be  of  a  more  per- 
fect character;  so  that,  in  this  comparatively  trifling  variation,  we  liave  an 
illustration  of  the  general  \&,w — that  the  higher  the  grade  of  development 
which  the  being  is  ultimately  to  attain,  the  more  is  it  assisted  in  the  early 
Btages  by  its  parent. 

5119.  This  law  is  remarkably  exemplified  in  the  class  MammaHa^  which 
unquestionably  ranks  at  the  head  of  the  Animal  kingdom,  in  respect  to 
degree  of  intelligence  and  general  elevation  of  structure.  It  is  the  uni- 
versal and  most  prominent  characteristic  of  this  class,  that  the  young  are 
retained  within  the  body  of  the  female  parent,  until  they  have  made  con- 
siderable  progress  in  their  development;  that  whilst  there,  they  derive 
their  support  almost  immediately  from  her  blood ;  and  that  they  are  after- 
wards nourished  for  some  time  by  a  secretion  which  she  affords.  In  regard 
to  the  degree  of  development  attained  by  the  young,  however,  at  the  period 
of  their  separation  from  their  parent,  there  is  much  variation  in  the  differ- 
ent orders ;  and  the  lower  tribes  of  the  class  are  so  truly  intermediate,  as 
to  the  mode  in  wldcli  this  part  of  the  generative  function  is  performed, 
between  the  oviTs^sr'^n-  r>irfk  and  Reptiles,  and  the  true  viviparous  Mam- 
malia, as  to  be  uii|n .j[>iiatcly  Heparated  as  a  distinct  snb-class,  that  of  Ovo- 
viviparom  or  more  properly  Impiucenial  Mammalia*  This  inferiority  of 
grade  manifests  itself  also  in  the  general  development  of  these  animals  ^ 
•iKpecially  in  their  osteology,  which  presents  many  oviparous  characters, 
and  in  the  low  type  of  conformation  of  their  brain.  At  the  other  extremity 
io  the  scale  of  development,  we  find  Man,  in  whom  the  dependence  of  the 
offspring  on  the  parent  is  extended  through  a  much  longer  period  than  in 


'  An,  attemp^t  was  tDude  aotne  time  fiincej  tij  show  that  no  rcapirfttory  process  t&k^a 
plA^CQ  in  tbo  egg  tdrough  the  modjutn  of  the  Bhell-membrauc  \  and  that  tho  dcvclopmeot 
&f  the  embryci  is  carried  on  with  equnl  perfccttou,  when  the  siit  ia  complet4*Iy  excluded 
from  the  interior.  The  result,  however,  was  eompletely  faUacious,  in  consequence  of 
tho  impcrfecfe  ajiture  of  the  mcaM  of  ciclusion  cmpIoyeJ ;  and  the  very  ncciirate  expe- 
riments of  ScLwann  lca?e  no  douht»  thnt  the  acccaH  of  osjgen  is  as  uccessary  to  the 
emhijo,  id  fill  but  the  very  earliest  period  of  development,  as  it  is  tc  the  adult  Seo 
*•  Brit,  and  For,  Med.  Rev,/'  Toh  i.  p,  229. 
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any  other  animal ;  and  this  has  an  obvious  relation  to  the  high  amonnt  of 
intelligence  which  he  is  destined  ultimately  to  attain. 

COO.  The  transition  from  the  Generative  apparatus  of  Birds,  in  fact,  to 
that  of  the  lowest  Mammalia,  is  by  no  means  abrupt ;  and  the  passage 
from  the  latter  to  the  highest  forms  which  the  class  presents,  is  very  gra- 
dual.— The  "testes"  or  spermatic  organs  of  the  male  usually  correspond 
pretty  closely  in  structure  with  those  of  Man ;  being  composed  of  long 
tortuous  tuhuU  seminifert,  in  whose  interior  the  spermatic  cells  are  formed, 
and  the  fluid  part  of  the  secretion  elaborated.     They  are  always  developed, 
within  the  posterior  part  of  the  abdominal  or  in  the  pelvic  cavity,  occupy- 
ing nearly  the  same  situation  as  the  ovaria  in  the  female ;  and  this  situation 
they  retain  in  many  of  the  lower  Mammalia,  such  as  the  Cetacea  and  Momh 
tremata^  as  also  in  some  Pachydermata  and  Rodentia.     Bnt  in  most  of  the 
other  orders,  they  pass  out  into  a  peculiar  prolongation  of  the  abdomiml 
cavity,  invested  by  an  extension  of  its  muscles  and  integuments,  which  is 
called  the  scrotum;  the  cavity  of  the  scrotum  frequently  communicates 
freely,  however,  with  that  of  the  abdomen,  by  an  open  inguinal  canal ;  and 
it  is  only  in  ^an,  the  Quadrumana,  and  a  comparatively  small  proportion 
of  the  lower  orders,  that  the  passage  between  the  two  cavities  is  closed  br 
the  contraction  of  the  canal,  so  as  to  prevent  that  descent  of  the  iotestin^ 
into  the  scrotum  which  might  take  place  in  the  erect  posture.     The  sper- 
matic ducts  often  communicate  with  vesicula  seminales,  which  appear  to 
serve  both  as  receptacles  for  the  seminal  fluid,  ^nd  as  accessory  glandnkr 
organs ;  they  are,  however,  frequently  wanting.     In  all  instances,  the  sper- 
matic canals  have  their  final  outlet  at  the  extremity  of  the  penis ;  being 
carried  onwards  to  it,  even  where  the  urinary  canal  is  not  continued  to  that 
point,  which  is  the  case  in  the  Monotremata,     In  this  order,  the  semioil 
ducts  unite  with  the  urethra  to  form  a  "uro-genital  canal,"  which  opens 
into  the  cloaca ;  the  penis,  however,  is  perforated  by  a  duct,  that  subdi- 
vides at  its  bifid  extremity,  first  into  two  branches,  and  then  into  farther 
ramifications  which  terminate  in  the  papillary  elevations  of  its  surface;  and 
it  would  seem  that  during  coitus,  the  commencement  of  the  duct  of  the 
penis  is  applied  to  the  orifice  of  the  uro-genital  canal,  in  such  a  manner 
that  tlie  fluid  ejected  from  this  shall  be  transmitted  along  the  intromittent 
organ,  although  the  urine  discharged  from  the  same  orifice  at  other  time? 
passes  into  the  cloaca.     Thus,  as  Prof.  Owen  remarks,  *'  if  the  canal  of  the 
penis  were  slit  open  along  its  under  j)art,  and  thus  converted  into  a  groove, 
the  male  organs  of  the  Ornithorhyncus  would  be  then  essentially  like  those 
of  a  Tortoise.     The  adhesion  to  the  Mammalian  type  is  manifested  in  s 
highly  interesting  manner  by  the  completeness  of  the  urethral  canal ;  whilst 
the  complete  separation  of  the  uro-urethral  from  the  semlno-nrethial  pass- 
ages beautifully  illustrates  the  fact,  that  the  existence   of   the  penis  l' 
essentially  and  subordinately  related  to  the  sexual  organs,  and  not  to  the 
renal."' — In  the  Marsitjnalia,  the  seminal  ducts  discharge  themselvea into 
the  urethra,  and  this  is  continued  onwards  to  the  extremity  of  the  p«itt; 
in  some  members  of  this  order,  the  penis  is  bifid,  and  each  half  receives i 
branch  of  the  urethral  canal,  as  in  the  Monotremata;  whilst  in  others  it 
has  a  single  termination,  as  in  all  higher  Mammalia. — ^Various  accessoij 
glandular  organs  are  found  in  the  males  of  most  Mammalia,  discharging 
their  contents  into  the  urethra,  and  apparently  connected  with  the  geaen- 
tive  ftinction  ;  their  use,  however,  is  not  known. 

GOl.  The  ovaries  of  the  Mammalian  female  are  always  found  near  the 

»  '•  l\clo|wain  of  Anatomy  and  Physiology,*'  vol.  iii.  p.  892. 
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posterior  part  of  the  abdomino-pelvic  cny'ity  ;  and  tLej  consist  of  a  dense 
fibrous  stroma j  in  the  substance  of  which  the  ova  are  developed.  These, 
when  mature,  are  set  free  l>j  the  thinning  away  of  their  envelops ;  and  arc 
received  into  the  trumpet -shaped  dilatations  of  the  oviducts,  which  canals 
ore  known  in  this  class  as  the  '*  Fallopian  tubes,"  The  oviducts  remain 
quite  distmct  from  each  other  in  the  Monofremata,  and  terminate  separately 
in  the  nro-genital  canal,  one  on  either  side  of  the  orifice  of  the  bladder ; 
each  of  them  having  first  undergone  dilatation  into  a  uterine  cavity,  so  that 
these  animals  have  tfl^o  complete] j  distinct  uteri.  The  uro-genital  canal 
opens  below  into  the  chat^a  or  common  Tcstibulei  its  orifice  being  guarded 
by  a  sphincter  muscle  j  and  ibis  vestibule  also  receives  the  rectum,  m  m 
Birds ;  so  that  the  female  generative  apparatus  of  the  Mouotremata  differs 
but  litUe  from  that  of  the  highest  Ovipara,  in  which  even  the  uterine  dila- 
tation of  the  oviduct  has  its  representative  (Tig,  257).  Tbere  is  not,  how* 
ever,  as  in  Birds,  any  tendency  to  the  unequal  development  of  the  ovaries 
and  their  appendages  on  the  two  sides.— In  the  Marsttpialia,  there  is  a 
closer  approximation  of  the  two  lateral  sets  of  organs  on  the  median  line  j 
for  the  oridncts  converge  towards  one  another,  and  meet  (without  coales* 
cing)  on  the  median  line ;  so  that  theif  uterine  dilatations  are  in  contact 
ivith  each  other,  forming  a  tme  "double  uterns."  Each  uterus,  at  ite 
lower  extremity,  opens  by  an  ot  imcts  into  a  separate  vaginal  caxial ;  and 
the  two  canals  diverge  again,  so  as  to  terminate  separately  in  the  uro* 
genital  canal,  which  receives  Ijoth  their  orifices  and  that  of  the  urinair 
passage,  but  tenuinates  externally,  without  coalescing  with  the  rectum,  in 
a  common  vestibule.  The  vaginal  canals  are  frequently  furnished,  in  this 
order,  with  peculiar  sinuses  or  dilatations  for  the  reception  of  the  foetus 
after  it  has  left  the  uterus,  in  which  it  lias  undergone  a  pail  of  its  develop- 
ment.^— As  we  ascend  the  series  of  *'pIacentaP'  Mammals,  we  find  the 
lateral  coalescence  becoming  gradually  more  and  more  complete.  It  shows 
Itself  first  in  the  vagina,  which  is  everywhere  single,  although  a  trace  of 
separation  into  two  lateral  halves  is  seen  in  the  Mare,  Ass,  Cow,  Pig,  and 
Sloth,  in  which  animals  it  is  traversed,  in  the  virgin  state,  by  a  narrow 
vertical  partition.  In  many  of  the  Eodmtfiti,  the  uterus  still  remains  com- 
pletely divided  into  two  lateral  halves ;  whilst  in  others,  these  coalesce  at 
their  lower  portion,  forming  a  rudiment  of  the  true  "  body*^  of  the  humerus 
In  the  Human  subject.  This  part  increases  at  the  expense  of  the  lateral 
"cornua,"  in  the  higher  Herbivora  and  Camivora  ;  but  even  in  the  lower 
Quadrumaua,  the  uterus  is  somewhat  cleft  at  its  summit,  and  the  "  angles," 
into  which  the  oviducts  enter,  form  a  considerable  part  of  tlie  w^hole  organ, 
Ae  wc  ascend  through  the  Qnadrumanons  series  towards  Man,  we  find  the 
**  body*^  increasing,  and  the  ''angles'*  diminishing  in  proportion  ;  until  the 
original  division  k  completely  lost  siglit  of,  except  in  the  slight  dilatation 
of  the  cavity  at  the  points  at  which  the  Fallopian  tubes  enter  it.  In  most 
Mammalia  the  female  possesses  a  clitoris,  which  resembles  a  rudimentary 
penis,  and  wliich  in  some  instances  attains  a  confiiderable  size^  The  ure- 
thral canal  generally  terminates  near  the  base  of  this  organ ;  but  iu 
some  of  the  Mamupialia,  this  canal  seems  to  be  continued  as  a  groove 
along  its  under  side  ;  and  in  the  Lemming,  the  Mole,  and  some  of  the 
lower  Quadmmana,  it  is  completed  into  a  tube,  which  passes  along  the 
whole  lenglli  of  the  clitoris,  just  aa  the  urethra  of  the  male  traverses  the 
penis. — The  JfarsuptaHa  are  remarkable  for  the  peculiar  addition  to  their 
generative  apparatus,  which  consists  of  a  sac  or  pouch  upon  the  front  of 
the  pelvis,  formed  by  a  pair  of  folds  of  the  integument,  and  covering  in  the 
mammar)^  glands  and  nipples;  and  the  function  of  this  '*marsupium''  h 
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obviously  to  afford  protection  to  the  young  animal,  iu  that  state  of  extreme 
immaturity  which  characterizes  it  at  the  date  of  its  emersion  from  the  uterus 
and  for  some  time  afterwards ;  during  which  period  it  is  clinging  to  the 
nipple,  at  first  apparently  almost  unpossessed  either  of  sensibility  or  of 
power  of  movement,  but  gradually  acquiring  the  ability  to  sastain  an  inde- 
pendent existence. 

602.  The  Ovum  itself  corresponds,  in  all  essential  characters,  with  that 
of  Oviparous  animals; — chiefly  differing  in  its  minute  size,  in  proportion 
to  that  of  the  ovisac  (§  526).     Its  external  envelop  is  thicker  than  the 
ordinary  yolk-bag  of  oviparous  animals;   and  has  received  the  name  of 
Zona  peUucida,  from  its  appearing  under  the  microscope  (when  the  ovum 
is  flattened  by  compression)  as  a  broad  transparent  ring*  (Pig.  221,  «i  r). 
In  the  immature  ovisac,  the  space  between  its  inner  layer  and  the  ovum  is 
for  the  most  part  fillpd  up  with  cells ;  these,  however,  gradually  dissolve 
away,  especially  on  the  side  nearest  the  surface  of  the  ovary,  whilst  an 
albuminous  fluid  is  effused  from  the  deeper  part  of  the  ovisac,  which  pushes 
before  it  the  residual  layer  that  immediately  surrounds  the  ovum,  forming 
the  discus  proligerus,  and  thus  carries  it  against  the  opposite  walL     At  thk 
period,  the  vascular  tunic  enveloping  the  ovisac,  which  is  derived  (as  in 
Birds)  from  the  parenchyma  of  the  ovary,  is  acquiring  great  thickness  and 
consistency ;  and  the  two  membranes  together  form  the  structure  known  as 
the   Graafian  Follicle,  which  was  formerly  regarded  as  peculiar  to  the 
Mammalia,  but  which  is  really  analogous  to  the  inner  part  of  the  ra/jpr  of 
Birds  and  other  Ovipara.**    When  the  ovum  has  attained  its  full  develop- 
ment, it  is  carried  to  the  side  of  the  Graafian  follicle  nearest  the  ^surface  of 
the  ovary,  by  the  effusion  of  fluid  on  the  side  more  deeply  imbedded;  and 
there  it  remains,  until  the  rupture  of  the  envelop  allows  of  its  exit  from  the 
cavity.     This  rupture  is  preceded  by  a  gradual  thinning  of  these  membranes 
at  that  point ;  but  on  the  opposite  side,  the  outer  or  vascular  tunic  becomes 
much  thickened ;  and  a  fleshy  substance  of  a  reddish-yellow  color  (entirdj 
composed  of  cells)  sprouts  from  the  interior  of  the  ovisac,  which  it  gradn- 
ally  fills  after  the  discharge  of  the  ovum,  forming  the  corpus  luteum. — ^When 
set  free  from  the  ovarium,  the  ovum  is  received  into  the  Fallopian  tnhe; 
and  its  fertilization  appears  to  take  place  almost  immediately  on  its  entrance 
into  that  canal,  if  it  have  not  been  previously  accomplished.     During  its 
passage  towards  the  uterus,  it  acquires  an  additional   envelop,  the  tmc 
Chorion,  which  has  subsequently  to  perform  very  important  functions  in  the 
nutrition  of  the  embr}'o.     This  is  at  first  seen  as  a  layer  of  cells  in  contact 
witli  the  outer  surface  of  the  Zona  pellucida ;  it  usually,  however,  imbibes 
fluid,  which  separates  it  from  the  Zona  pellucida;  and  a  change  takes  place 
in  its  own  structure,  by  the  alteration  in  the  form  of  its  cells,  which  eriend 
themselves  and  interlace  in  various  directions,  so  as  to  give  the  fabric  a 
fibrous  texture,  and  to  produce  asperities  on  its  outer  surface.     In  its  sitna- 
tion  and  mode  of  production,  the  chorion  is  evidently  homologous  with  the 
memhrana  testte  of  Birds  ;  and  the  fluid  which  it  absorbs  is  comparable  to 
the  albumen  of  the  egg  of  the  latter.     The  connection  between  the  two  is 
clearly  established  by  the  ovum  of  the  Monotremata,  in  which  there  is  a 

^  This  Zona  pellucida  has  been  described  by  some  writers  under  the  name  of  ckufi^i 
the  true  chorion,  however,  is  afterwards  formed  around  it. 

*  It  is  maintained  by  Rcinhardt  ("KoUiker  and  Siebold's  Zeitschrift,"  band  itt.)i 
that  the  whole  Graafian  ycsiclo  of  the  Mammal,  with  its  contents,  is  the  real  homologtt 
of  tlie  Yolk-bag  of  the  Bird;  the  "food-yolk"  of  the  latter  being  represented  bytN 
cellular  mass  which  surrounds  the  Zona  pellucida  of  the  former,  and  which  is  aflenni^ 
developed  into  the  •*  corpus  luteum." 
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aet  albumen  aronnd  the  yolk-liapf^  contained  in  a  membrane,  which — 
lese  ova  are  not  to  be  incubateij,  but  arc  destined  to  receive  their  early 
tlt*velDi>ment  within  ihe  uterus — must  subsequently  become  the  chorion.  In 
all  Mammiferous  animals,  the  ovidnct,  instead  of  immediately  conveying 
the  ovum  out  of  the  body,  deposits  it  in  the  uterine  receptacle  provided  for 
it#  further  development ;  within  which  it  fonns  a  new  connection  with  the 
parent,  and  is  supplied  with  nutriment  from  the  fluids  of  the  latter,  until  it 
has  arrived  at  a  state  of  completeness  usually  corresponding  with  that  which 
the  Chick  presents,  when  it  emerges  from  its  shelly  coverinp. 

603.  It  now  remains  for  us  to  consider  the  peculiarities  which  disstinguish 
the  development  of  the  embryo  of  the  Veriebrataj  from  the  proce^^s  already 
described  in  the  other  Sub-Kingdoms,     These  peculiaj-ities  chiefly  consist 
in  this; — that  the  permanent  structure  is  usually  developed  from  a  verj 
limited  portion  only  of  the  *' mulberry-mass"  {§  529);  wlulsi  the  remainder 
of  this,  with  that  extension  which  it  furm^  over  the  Ur^v  mass  of  *' food- 
yolk''  that  forms  the  bulk  of  the  Titelline  body  in  Bhds  and  Fishes,  and 
probably  in  the  higher  Reptiles,  has  but  a  very  subordinate  and  temjioraiy 
ofliec — ^being  destined  (like  the  cotyledonons  expansion  of  the  higher  Plants) 
soh^ly  for  the  imbibition  and  assimilation  of  nutriment,  during  the  early 
period  of  evolution.     In  the  ova  of  Batrachia  and  Mammalia,  there  is  no 
**  ffKnl-yolk-'  in  addition  to  the  ^'  g^erm-yolk  ;"  and  as  the  entire  vitelius  con- 
sist.^ of  the  latter,  the  whole  of  it  is  involved  in  the  process  of  segmentation. 
This  arrani^ement,  wliich  is  common  to  them  with  Invertebrata  g'enerally 
(save  the  highest  of  the  Artieidated  and  Molluscous  series)^  appears  to  be 
related  to  the  fact  that,  in  neither  of  these  two  eases,  is  the  development  of 
the  embryo  carried  on  far  at  the  expense  of  the  vitellusj  for  that  of  the 
Frog  proceeds  no  further  within  the  orum,  than  to  the  production  of  a  fish- 
like larva  ;  and  the  continued  development  of  the  Mammal  iis  very  early 
provided  for  by  a  diBTerent  arrangement. — The  evolution  of  the  fractions  of 
the  Titeilns  (Fig.  25S|  a)  into  true  ceUsi  by  the  formation  of  a  cell-wall 


Fig.  25a 
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Lmet  ftngo  in  th«  s?j*tflentii^ioii  of  the  yuJk  nf  the  ^fammalinn  Ontw ;  nl  a  is  «hown  tba 
**  mil i berry  ma:****  farmed  by  tbo  iniriut^  subiLtivlsioTi  nf  the  vit^Uitic  FifhcTcs;  at  u*  n  furthtft 
inerciifc  hat  bron^ht  Us  Kur[&tni  tutu  (;!t}iitiitit  vvitli  Ibc  vitelline!  ini!mV>rn.Dcv  itgaioH  which  (bo 
spbv-nileA  life  fiuLtcticd. 

around  them  (§529),  takes  place  soonest,  as  well  as  most  completely,  at  its 
peripheral  portion;  and  its  celb  ari-ange  themselves,  in  the  act  of  formation, 
into  a  kind  of  membrane  linings  the  yolkdmg^  at  the  same  time  assuming  a 
BKtaponal  or  hexagonal  shape  from  mutual  pressure,  so  as  to  resemble 
Bveiiient-epitheiinm  (b).  Of  the  globular  masses  of  the  interior,  those 
Blares t  the  surface  seem  to  be  developed  into  true  cells,  and  to  iuerease  ihe 
tliickncss  of  the  membrane  already  formed  by  the  more  superMal  layer  j 
39 
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but  the  spherules  of  the  interior  appear  for  the  most  part  to  liquefy  again; 
so  that  the  embryonic  mass  is  now  in  the  condition  of  a  cellular  stratum, 
known  as  the  **  germinal  membrane,"  inclosing  a  liquid  yolk — a  condition 
which  is  closely  paralleled  by  the  embryo  of  Zoophytes,  preyionsly  to  the 
formation  of  the  oral  aperture. — In  the  ova  of  Fishes  and  Birds,  however, 
and  probably  in  those  of  true  Reptiles,  there  is  a  large  food-yolk,  in  which 
the  segmentation  does  not  take  place ;  and  the  mode  in  which  this  becomes 
inclosed  by  the  '*  germinal  membrane,"  is  by  the  extension  of  the  peripheral 
portion  of  the  cicatricula,  which  seems  to  be  formed  by  the  segmentation 
of  the  "  germ-yolk." — The  "germinal  membrane"  is  sometimes  termed  the 
blastoderma  ;  and  the  new  envelop  which  is  formed  by  it,  between  the  vitel- 
lus  and  its  original  sac,  has  been  termed  by  Bischoff  the  blastodermic  vest'eU. 
This  vesicle,  very  soon  after  its  formation,  presents  at  one  point  an  opaqne, 
roundish  spot,  which  is  produced  by  an  accumulation  of  cells  and  nocid 
of  less  transparency  than  elsewhere ;  within  this,  which  is  termed  the  area 
germinativa,  all  the  structures  of  the  permanent  organism  originate.  The 
germinal  membrane  increases  in  extent  and  thickness,  by  the  formation  of 
new  cells  (whose  mode  of  production  has  not  been  clearly  made  out) ;  and 
it  subdivides  into  two  layers,  which,  although  both  at  first  composed  of 
cells,  soon  present  distinctive  characters,  and  are  concerned  in  very  diflFerent 
ulterior  operations.  The  outer  one  of  these  is  commonly  known  as  the 
serous  layer ;  but  being  the  one  in  whose  substance  the  foundation  is  laid 
for  the  vertebral  column  and  the  nervous  system,  it  is  sometimes  called  the 
animal  layer.  The  inner  one  is  usually  known  as  the  mucatis  layer ;  and 
being  the  one  chiefly  concerned  in  the  formation  of  the  nutritive  apparatns, 
it  is  sometimes  called  the  vegetative  layer.  This  division  is  at  first  most 
evident  in  the  neighborhood  of  the  area  germinativa ;  but  it  soon  extends 
from  this  point,  and  implicates  nearly  the  whole  of  the  germinal  membrane. 
604.  The  ''  area  germinativa"  (Fig.  259,  a  g),  at  its  first  appearance,  his 
a  rounded  form ;  but  it  soon  loses  this,  first  becoming  oval,  and  then  pear 
shaped.  While  this  change  is  taking  place  in  it,  there  gradually  appean 
in  its  centre  a  clear  space,  termed  the  area  pellucida  ;  and  this  is  bounded 

externally  by  a  more  opaque  circle 
Fig.  259.  (whose  opacity  is  due  to  the  grcattf 

accumulation  of  cells  and  nuclei  ii 
that  part,  than  in  the  area  pellocida), 
which  subsequently  becomesthe  ana 
vasctdosa.  In  the  formation  of  these 
two  spaces,  both  the  serous  and  ma- 
cous  layers  of  the  germinal  mea- 
brane  seem  to  take  their  share ;  bat 
the  foundation  of  the  embiyonie 
structure,  known  as  the  priwutM 
trace,  is  laid  in  the  serous  laann 
only.  This  consists  in  a  shaDof 
groove,  lying  between  two  otil 
masses  (r),  known  as  the  lamiMB 
dorsales.  The  form  of  these  changes 
with  that  of  the  area  pellucida ;  at 
first  they  are  oval,  then  pyrifom, 
and  at  last  become  of  a  guitar-shape.  At  the  same  time,  they  rise  mon 
and  more  from  the  surface  of  the  area  pellucida,  so  as  to  form  two  ridges 
of  higher  elevation,  with  a  deeper  groove  between  them;  and  the  sumodts 
of  these  ridges  tend  to  approach  each  other,  and  gradually  unite,  so  as  to 


The  germ  and  surrounding  parts,  from  a 
more  advanced  Uterine  Ovum  ; — 6,  blastoderma, 
or  germinal  membrane;  a,  g,  area  germinativa; 
c,  cephalic  extremity  of  the  germ ;  r,  first  indi- 
cations of  vertebrse;  9,  caudal  extremity. 
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coDTert  the  groove  into  a  tube.  At  tbe  same  time*  the  anterior  portion  of 
the  groove  dilates  into  three  recesses  or  vesicles,  which  indicate  the  position 
of  the  three  principal  divisions  of  the  Encephalon,  afterwards  to  be  developed 
BB  the  prosentephahn,  th^  mesencephalon^  and  ihf^  epencephfthm  (Fig.  262, 
B,  X,  y,  z).  The  most  internal  part  of  these  "  laminaj,"  boundiaij  the  bot- 
tom and  sides  of  the  groove,  appear  to  furnish  the  rudiments  of  the  nervons 
centfoa  which  this  cranio- vertebra!  canal  is  to  contain ;  whilst  the  onter 
parts  are  developed  into  the  rudiments  of  the  vertebral  column  and  craninm* 
Even  before  the  '*  lamiuae  dorsales'^  have  closed  over  the  primitive  groove, 
a  few  square-shaped,  at  first  indistinct,  plates,  which  are  the  rudiments  of 
vertebrae  (Fig.  260,  A,  q,  q),  begin  to  appear  at  about  the  middle  of  each. 

Eig.  2C0, 


't 


(£tO' 


Oirum  of  Ctftefjomi^  pnietttf  eleven  dny*  mtUr  ffieBndalJon  j  a,  aa  seen  in  front  iHrougb  the 
tmnepareot  oruni^  n^  ai  seen  lideways; — a,  aheU-membrnnc ;  i,  yolk  j  e  r,  oLl-glubalef  ; /; 
nlbumenj  g  (?,  vitelliBo  tnembmne^  A,  yolk-w«ick  ;  1%  trunk  of  tbe  embrjfo  1 1,  taU;  v  a,  optic 
]ob«B^  pt  i^Qorda  dorsal iaj  q  tj^  Tflrtebrnl  di^aionBi  n,  otirve  of  tba  trunk. 

The  position  of  the  bodies  of  the  vertebme  is  indicated  at  this  period,  by  a 
distinct  cylindrical  rod  of  nucleated  cells,  tei-med  the  chorda  dor»aiig;  and 
this  retains  its  embryonic  type  in  the  Myxinoid  Fishes.  ^Tiile  this  is  going 
on,  an  accumulation  of  cells  takes  place  between  the  two  lamina^  of  the 
germinal  membrane  at  the  ''  area  pellucida;'*  and  these  cells  speedily  form 
tJiemseivcs  into  a  distinct  layer,  the  vascular  lamina,  in  which  the  first 
bloodvessels  of  the  embryo  are  developed,  as  wilJ  be  presently  described 
(§  605),  From  the  dorsid  lamina  on  either  side,  a  prolongnUon  passes 
outwards  and  then  downwards,  forming  what  is  known  as  the  mnfrallamina  ^ 
iQ  this  arc  developed  the  ribs  and  the  transverse  processes  of  the  vertebr®? 
a«d  the  two  have  the  same  tendency  to  meet  on  the  median  line,  and  thns 
to  close  in  the  abdominal  cavity,  which  the  dorsal  lamina?  have  to  inclose 
the  spinal  cord.  At  the  same  time,  the  layers  of  the  "germinal  membrane,'* 
which  lie  beyond  the  extremities  of  the  embryo,  are  folded  iii,  so  as  to  make 
a  depression  on  the  yolk;  and  their  folded  margins  gradually  approach  one 
another  under  the  abdomen.  The  first  rudiment  of  the  intestinal  canal 
presents  itself  as  a  channel  along  the  under  surface  of  tbe  embryonic  mass, 
fonued  by  the  rising  up  of  the  inner  layer  of  the  germinal  membrane  into 
a  ridge  on  either  side.  The  two  ridges'gradnally  arch  over  and  meet,  so  fts 
to  form  a  tube,  which  is  thus  (so  to  speak)  pinched  off  from  the  general 
vitelline  sac  \  but  it  remains  in  connection  with  this  by  means  of  an  unclosed 
portion,  which  constitutes  the  "vitelline  duct.'*  In  oviparous  animals 
generally,  the  yolk*bag,  as  it  is  emptied  of  its  contents,  is  gradually  drawn 
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into  the  abdominal  cavity ;  but  in  Mammalia,  and  also  in  the  higher  Carti- 
laginous Fishes,  it  is  cut  off  from  the  intestine  by  the  obliteration  of  the 
Titellinc  duct,  and  by  the  complete  closure  of  the  abdominal  parietes  around 
the  peduncle.  The  minute  yolk-bag  of  Mammalia  is  known  under  the  name 
of  the  "  umbilical  vesicle." 

605.  Whilst  these  new  structures  are  being  produced,  a  very  remarkable 
change  is  taking  place  in  that  part  of  the  serous  lamina  which  gurroonds 
the  '*  area  pellucida."  This  rises  up  on  either  side  in  two  folds;  and  these 
gradually  approach  one  another,  at  last  meeting  in  the  space  between  the 
general  envelop  and  the  embryo,  and  thus  forming  an  additional  invest- 
ment to  the  latter.  As  each  fold  contains  two  layers  of  membrane,  a  double 
envelop  is  thus  formed;  of  this,  the  outer  lamina  adheres  to  the  general 
envelop;  whilst  the  inner  remains  as  a  distinct  sac,  to  which  the  name  of 
Ainnion  is  given.  (See  Figs.  261  and  264.)     This  takes  place  during  the 

third  day  in  the  Chick ;  and,  at  about  the  same 
period,  a  very  important  provision  for  the  future 
support  of  the  embryo  begins  to  be  made,  bj 
the  development  of  bloodvessels  and  the  forma- 
tion of  blood.     Hitherto,  the  embryonic  struc- 
ture has  been  nourished  by  direct  absorption 
of  the  alimentary  materials  supplied  to  it  by  the 
yolk ;  in  the  same  manner  as  the  simplest  Cel- 
lular Plant  is  developed  at  the  expense  of  the 
carbonic  acid,  moisture,  &c.,  which  it  obtains 
for  itself  from  the  surrounding  elements.    Bot 
its  increasing  size,  and  the  necessity  for  a  more 
free  communication  between  its  parts  than  any 
structure  consisting  of  cells  alone  can  permii, 
call  for  the  development  of  vessels,  through 
which  the  nutritious  food   may  be   conveyed. 
These  vessels  are  first  seen  in  that  part  of  the 
Vascular  lamina  of  the  germinal   merohrane, 
which  immediately  surrounds  the  embryo;  and  they  form  a  network,  bounded 
by  a  circular  channel,  which  is  known  under  the  name  of  the  Va$cidar  Ana 
(§  254,  Fig.  133).     This  gradually  extends  itself,  until  the  vessels  spread 
over  the  whole  of  the  membrane  containing  the  yolk.    The  first  blood-disks 
appear  to  be  formed  from  the  nuclei  of  the  cells,  whose  cavities  have  become 
continuous  with  each  other  to  form  the  vessels;  and  from  these,  the  subs^ 
quent  blood-disks  of  the  first  series  are  probably  generated.     This  network 
of  bloodvessels  serves  the  purpose  of  absorbing  the  nntritions  matter  of  the 
yolk,  and  of  conveying  it  towards  the  embryonic  structures,  which  are  now 
in  process  of  rapid  development.    The  first  movement  of  the  fluid  is  fomirA 
the  embryo ;  and  this  can  be  witnessed  before  any  distinct  heart  is  erdved. 
The  same  process  of  absorption  from  the  yolk,  and  of  conversion  into  blood, 
probably  continues  as  long  as  there  is  any  alimentary  material  left  in  the 
sac.     The  mode  in  which  the  Heart  is  formed,  and  the  subsequent  phases 
of  its  development,  as  well  as  of  that  of  the  principal  Bloodvessels,  havebeea 
already  described  (§§  255-260)  ;  it  is  only  necessary  here  to  add,  that  the 
mass  of  cells  in  which  it  originates,  may  be  considered  as  a  thickened  po^ 
tion  of  the  vascular  layer.    The  trunks  which  connect  the  circulating  system 
of  the  embryo  with  that  of  the  "vascular  area,"  are  called  OmphaUhAesat' 
tenc,  Meseraic,  or  Vitelline  vessels.     It  was  formerly  believed  tliat  the  na- 
trient  matter  of  the  yolk  passes  directly  through  the  vitelline  duet  into  tie 
(future)  digestive  cavity  of  the  embryo,  and  is  from  it  absorbed  into  '<» 


Diagram  of  Ovum  at  tho  com- 
meDcement  of  the  formntion  of 
the  Amnion;  —  a,  chorion;  6, 
yolk-sac;  r,  embryo;  rf,  nnd  *, 
folds  of  the  serous  layer  rising 
up  to  form  the  amnion. 
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stractarc;  bat  there  can  now  be  little  donbt  that  the  Titelline  TC&sels  are 
the  real  agents  of  its  absorption,  and  that  they  convey  it  to  the  tissues  in 
process  of  formation.  They  do,  in  fact,  correspond  to  the  Mesenteric  vcias 
of  iQTcrtebrated  animals,  which  are  the  sole  agents  in  the  absorption  of 
nutriment  from  their  digestive  carity  (§  189) ;  and  the  blastodermic  vesicle 
may  be  Teg:ariled  m  the  temporary  stomach  of  the  embryo — ^remaining  m 
the'  permanent  stomiich  in  tlie  Radiated  tribes.  Previously  to  the  ninth 
day  of  incubation  (in  the  FowPs  eg^),  a  series  of  folds  are  formed  by  tie 
linings  membrane  of  the  vesicle,  whieh^projeet  into  its  cavity;  these  become 
gradually  deeper  and  more  crowded,  as  the  bag  diminishes  in  size  by  the 
absorption  of  its  contents.  The  vitelhne  vessels  that  ramify  upon  the 
vesicle,  send  into  these  folds  (or  valvulae  conniventes)  a  aeries  of  inosculat- 
ing loops^  which  immensely  increase  the  extent  of  this  absorbing  apparatns. 
Bat  tliese  minute  vessels  are  not  in  immediate  contact  with  the  yolk;  for 
there  intervenes  between  them  a  layer  of  nucleated  cells,  which  is  easily 
washed  away*  It  was  from  the  color  of  these,  communicated  to  the  veswele 
beneath,  that  Haller  termed  the  latter  v€tsa  Intea;  when  the  cellular  layer  is 
removed,  the  vessels  present  their  usual  aspect.  There  seems  good  reason 
to  believe  that  these  cells  are  the  real  agents  in  the  jn'ocess  of  absorbing  and 
assimilating  the  natritive  matter  of  the  yolk;  and  that  they  deliver  this  up 
to  the  vessels,  by  themselves  undergoing  rupture  or  dissolution,  being  re- 
placed by  newly-fornied  layers, 

60fi.  The  development  of  the  embryo  of  Fishes  taken  place  wilhont  any 
further  change  of  plan  ;  the  nutrient  material  supplied  by  the  yolk  lieing 
gradually  taken  into  the  circulation,  through  the  medium  of  the  germinal 
membraue^  and  being  applied  to  the  nntrition  of  the  Tartous  tissues  and 

A  Fig*  202,  B 
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Dvntn  of  tWf^nwB*  pnhra^  %\%XetJ\  dftja  aflor  nDpt-i^giintbti ; — a,  toen  la  fronts — p,  seoEL 
tiflrwiija;— a.  sbtlUmenibnint? ;  6,  ytAk;  r-,  i^ry  stall  in*  iom  ;  c?,  cbormdal  Pjatem ;  r,  e,  oU- 
globule*;  /»  nlbiimeD  ;  (7.  vitdlmo  memWane  ;  A.  yolk-vcsiel*? ;  t*  ketl  of  the  cncephaloo;  *, 
e«r;  /i  t&il;  y,  vertebral  diviiion!;  «,  eepbn)io  brtid;  t,  Quohal  be^d;  p^  epidormoidiU  etrMUmi 
X,  i»rti«D«plinlon  I  y,  inosen<;i»phaloii;  «,  epeDcephEiIosn. 

organs  which  saccessively  make  their  appearance*  Up  to  the  time  of  the 
emersion  of  the  fcetal  fish  from  the  egg,  the  aeration  of  the  blood  is  pro- 
vided for  in  no  other  way,  than  by  its  distribution  upon  the  surface  of  the 
yolk-bag ;  and  even  after  it  has  come  forth,  whilst  the  yolk-bag  is  still  far 
from  being  emptied,  and  hangs  clown  from  its  abdomen,  and  the  gilU  have 
not  yet  come  into  play^  the  dispersion  of  the  blood  over  the  vascular  area 
still  serves  to  aerate  it,  m  well  as  to  enable  it  to  absorb  the  nutritive  con- 
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tents  yet  remaining  to  be  appropriated.  In  most  of  the  Osseous  Fishes, 
the  bloodvessels  which  nymify  upon  the  yolk-bag  may  be  regarded  as  part 
of  the  portal  system ;  for  they  branch  ofif  from  the  intestinal  veins,  and 
return  into  the  vena  cava.  As  the  yolk  diminishes  in  size,  and  the  perma- 
nent respiration  is  established,  the  blood  is  transmitted  more  directly 
through  the  liver  to  the  heart,  by  the  enlargement  of  vessels  that  were  at 
first  capillary,  into  regular  trunks.  In  the  higher  Cartilaginous  fishes, 
however,  the  blood  sent  to  the  respiratory  surface  is  derived  from  an  arte- 
rial trunk,  as  in  all  the  higher  Vertebrata. — The  general  course  of  the 
development  of  the  principal  organs  in  Fish,  may  be  understood  from  the 

Fig.  263. 


Embryo  of  Coregontu palaa,  thirty-three  days  after  fecundation; — b,  yolk;  c,  oil-globnla; 
m,  pectoral  fin  ;  n,  ear ;  p,  chorda  dorsalis ;  r,  sheath  of  the  dorral  chord ;  x,  profleDeephaka; 
y,  mesencephalon ;  t,  epencephalon  ;  1,  pineal  gland ;  2,  bnooal  intestine ;  3,  nret«r ;  4»  aaa; 
5,  ventral  intestine;  6,  kidneys;  7,  liver;  8,  mouth;  n  and  ui,  second  and  third  hcaaeUal 
fissures. 

accompan  ving  figures ;  the  history  of  the  evolution  of  each  principal  orgiD 
has  been  already  given  under  its  own  head  ;  with  the  exception  of  that  of 
the  Nervous  system,  which  will  be  found  in  its  proper  place  (§§  663,  667). 
607.  In  all  the  higher  Vertebrata,  we  find  that  at  an  early  period  of 
embryonic  development,  provision  is  made  for  a  more  effectual  performance 
of  the  Respiratory  function.  This  consists  in  the  development  of  a  pecu- 
liar membrane,  the  Aliantois ;  which  sprouts  forth  from  the  caadal  extre- 
mity of  the  embryo,  at  first  as  a  little  mass  of  cells,  whose  interior  is  soon 
observed  to  be  hollow ;  and  which  continues  to  enlarge,  until  it  sorromids 
the  entire  embryo  (Figs.  264-267).  In  JReptiles  and  Birds,  it  extends 
itself  around  the  yolk-sac,  intervening  between  it  and  the  membrane  of  Ae 
shell ;  and  the  porosity  of  the  latter  allows  the  air  to  have  free  access  to 
the  blood,  which  is  copiously  distributed  upon  it.  It  is  a  remarkabk  ci^ 
cumstance,  that  this  membrane  should  not  merely  serve  as  a  respiratoiy 
organ,  but  that  it  should  also  stand  to  the  Corpora  Wolffiana,  or  tempo- 
rary kidneys,  in  the  light  of  a  receptacle  for  their  secretion,  or  orioaiy 
bladder.  The  greater  portion  of  this  aliantois  is  afterwards  cast  off  by  tke 
contraction  of  its  pedicle ;  but  a  part  of  its  root  is  usually  retained,  to  be 
converted  into  the  permanent  urinary  bladder. — In  Mammaha,  howertf, 
the  chief  office  of  the  aliantois  is  to  convey  the  vessels  of  the  embiyo  to  Ae 
internal  surface  of  the  Chorion  (Fig.  266) ;  the  tufts  of  which  ar«  rendered 
vascular  by  the  penetration  of  these  vessels  into  them  (Fig.  267) ;  and  in 
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this  mode  the  embiyo  is  nourished  for  a  time»  the  absorbent  tufts  drawing 
their  supplies  by  endosinose  from  the  very  vascular  lining  of  the  uterus* 

Fig.  265, 
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Fiff.  2fl4.  Dla^ftin  of  Human  Orttm,  with  the  AmnloD  in  prdecM  of  formation ; — u,  ths 
obonun  ;  ft,  tbe  ^olk-bn^,  furrounded  hy  ibe  >eroBi  iiad  fupciilar  bmitiEQ  j  c,  the  embtyo  j  rf, 
c,  nnd/,  extTrual  nnd  inte'fJial  foldi  (if  tbo  serous  bycr,  foruuug  Ibe  amnion;  ^i  inovpbnt 

Ff^*  265.  DiAgmm  rep rcjon ting  a  Human  Ortun  In  second  mnntb  : — a  l^  imootb  portion  of 
cborlon  i  a  2,  rilloua  portion  of  chorion  ;  1%  f.\  viungiiied  rilli,  befiiiDiog  to  oolket  into  Pin- 
ecnla^  A,  jolk-tnc  or  umbilical  veaiele;  c,  ewibryo  ;  /,  Dinnion  (innur  layer)  |  g^  aHftUtdi ;  ht 
outer  Iny^r  of  amalon,  coak^sciag  witb  cbarion. 

608.  Wliilsi  the  foregoing  changes  have  been  taking  place  in  the  ovum, 
the  macoms  membrane  lining  the  Uterus  has  undergone  an  important 
change ;  for  it  has  become  extremely  thick  arul  v^iscular,  and  its  follicles 
are  greatly  enlarged,  End  appear  to  secrete  a  nutritive  material  from  the 
hlood.  When  the  tufts  of  the  chorion  come  into  apposition  with  it,  they 
insinuate  themselves  into  these  glandular  follicles;  and  ahsorb  the  material 
which  has  been  elaborated  by  them  for  the  support  of  the  embryo.  Each 
villus  of  the  chorion  contains  a  capillary  loop;  this  is  inclosed  in  a  layer 
of  cells,  and  this  again  in  a  lamina  of  basement  membrane  ;  the  whole  con- 
stituting the/<J?fa/ tuft.  On  the  other  hand,  this  tuft  is  in  appogsition  with 
a  layer  of  cells  covering,  the  orifices  of  the  uterine  glandulee,  and  these  lie 
upon  the  basement  membrane  of  its  mucous  liaiag ;  fortning  the  maternal 
portion  of  the  apparatus,  Such  is  the  highest  form  which  it  assumes  in 
the  Intpiaeerdai  Mammalia  (g  68) ;  the  ovum  being  ejected  from  the  uterus, 
before  any  further  changes  have  taken  place.  In  the  higher  orders,  how- 
ever, we  find  finch  a  concentration  of  this  arrangement  in  one  or  more  spots, 
as  is  adapted  to  bring  the  foetal  and  the  maternal  bloodvessels  into  closer 
approximation.  This  is  accomplished,  in  the  Ruminants,  by  an  enlarge- 
ment and  multiplication  of  the  vai^eular  tufts  at  several  points  of  the  surface 
of  the  chorion,  so  as  to  form  what  are  termed  the  fmial  cotykiom ;  and 
these  come  into  relation  with  a  corresponding  series  of  mat&mal  caiyhdom^ 
formed  by  the  enlargement  and  multiplication  of  the  bloodvessels  of  the 
lining  membrane  of  the  uterus.  No  inosculation  takes  place  between  these 
two  sets  of  vessels  ;  but  the  loo  pings  of  each  are  received  into  the  inter- 
spaces  between  those  of  the  other;  and  each  tnft  is  covered  with  its  own 
layer  of  basement  membrane  and  of  cells.  In  Man*  however,  and  in  the 
Qnadromana,  Gamivora,  and  other  orders,  a  still  more  concentrated 
arrangement  is  found.  The  vascular  tufts  are  enormously  developed  from 
one  portion  only  of  the  chorion  ;  and  they  dip  down,  as  it  were,  into  a 
cavity^  whose  inner  wall  is  formed  by  an  extension  of  the  lining  membrane 
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of  the  large  veins  or  sinuses  of  the  uterus.  The  former,  which  are  the 
ultimate  ramifications  of  the  umbilical  arteries,  constitute  the /«*«/ portion 
of  the  Placenta  (as  this  comi)Oun^  organ  is  termed) ;  whilst  the  latter, 
which  constitutes  its  maternal  portion,  is  irregularly  subdivided  by  parti- 


Fig.  2G6. 


Fig.  207. 


Fiij.  260.  Diajrram  of  Human  Ovum  in  a  more  advanced  stage  : — a  a',  the  AUantoif  deTelop- 
inn;  itself  around  the  embryo  ;  c  </,  the  cephalic  and  caudal  prolongations  of  the  amniotic  mc, 
nearly  united;  f,  serous  layer  of  the  germinal  membrane;  c',  vertebral  etructare  of  the  foetus; 
t,  mucous  layer  of  the  germinal  membrane,  partly  converted  into  the  rudimentary  Intestine  t*, 
and  partly  forming  the  umbilical  vesicle  o ;  m,  portion  of  the  serons  layer  of  the  germinal 
membrane  reflected  to  form  the  amnion  ;  «,  rudimentary  portion  of  the  intestine,  repreeentiD|[ 
the  rectum  ;  p,  pedicle. of  the  umbilical  vesicle ;  r,  pedicle  of  the  allantois ;  f,  limit  of  the  area 
rajiculosa  ;  v,  vitelline  membrane. 

Fiy.  267.  Diagram  of  Human  Ovum  still  more  advanced,  the  two  prolongations  of  the  Al- 
lantois having  now  mot  and  united  at  a,  and  the  amniotic  sac  being  now  complete;  the  ex- 
ternal layer  of  the  germinal  membrane,  e,  is  now  disappearing  ;  vascular  villosities,  9  9,  are 
being  developed  from  the  allantois;  and  the  intestine  r  is  forming  its  first  loop. — The  other 
references  as  in  the  preceding  figure. 

tions,  formed  by  reflexions  of  its  wall  over  the  foetxil  tufts ;  and  each  of 
these  reflexions  carries  with  it  an  extension  of  the  cellular  layer  that  cotcts 
tlie  mucous  surface,  so  that  the  extremity  of  every  loop  of  foetal  vessels 
forming  a  placental  villus  is  invested  first  by  a  foetal,  and  then  by  a  mater- 
nal layer  of  cells,  a  sj)acc  being  usually  observed  to  intervene  between  them 
(Fig.  268).  The  blood  is  conveyed  into  the  placental  cavity  by  the  "  curl- 
ing arteries"  of  the  uterus ;  and  after  it  has  been  brought  into  relation 
with  that  of  the  foetus,  it  is  returned  to  the  uterus  by  large  apertares  com- 
municating with  its  sinuses.  Thus,  the  placental  tufts,  in  which  the  fcBtal 
blood  is  circulating,  are  bathed  (as  it  were)  in  the  maternal  blood,  jostai 
the  branchiaj  of  aquatic  animals  are  bathed  in  the  medium  they  isdiabit; 
and  an  interchange  can  freely  take  place  by  endosmose  between  the  two 
fluids,  although  no  more  direct  communication  exists  between  the  two  sys- 
tems of  vessels.  This  interchange  is  subservient  to  two  most  important 
purposes.  The  foetal  tufts  draw  from  the  maternal  blood  the  materials 
which  are  required  for  the  nutrition  of  the  embryo,  these  materials  having 
been  first  elaborated  by  the  two  sets  of  intervening  cells  ;  and  in  this  ch»- 
racter,  the  foetal  tufts  resemble  the  villi  of  the  intestinal  surface,  which  dip 
down  into  the  fluids  of  the  alimentary  canal,  and  absorb  the  natrltive  ma- 
terials which  they  furnish.  But  the  placenta  serves  also  as  the  instrument 
for  the  depuration  of  the  blood  of  the  foetus,  especially  by  the  respiratory 
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process  ;  for  tbe  aerated  blood  of  the  m^tber  will 
necesaiirily  inifjnrt  oxygen  to  that  oftiie  foetus,  and 
will  carry  off  its  carbonic  acid ;  so  that  in  this  respect 
the  fcelal  tufts  may  be  likened  functioDally ,  as  well  as 
structurally,  to  the  gills  of  aquatic  Artioials.  But 
it  is  1 1 ro liable  that  (luring  the  early  stages  of  em- 
bryonic life,  before  the  proper  depurating  organs 
of  the  feci  us  liavc  eome  into  full  activity,  other  ex- 
cretory matter  may  be  got  rid  of  through  the  sara^ 
channel ;  and  there  even  seems  a  strong  probability, 
that  the  facial  blood  may  so  react  u)>on  the  mater- 
nal, as  to  conimnnicate  to  it  some  of  the  proper* 
ties  which  it  hos  derived  from  its  male  parent* 
Such,  at  least,  seems  the  most  feasilde  cxfihina- 
tion  of  the  fact,  which  has  now  been  observed 
to  take  place  in  a  great  number  of  instances, 
that  if  a  mure,  cow,  bitch,  or  other  mamraife' 
torn  female  (not  even  excepting  the  human  site- 
eies),  be  impregnated  in  the  first  instance  by  a 
male  possessing  some  nmrkcd  peculiarity,  and  on 
subsequent  occasions  by  a  diRerent  male,  the  off- 
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Ext  remit  J  of  n  Pietttnt^t 
Viitn9  .— fr,  extern b1  loem- 
briin«  trf  tljo  villus,  poafma'^ 
niiB  vihh   tha  lltiia^    niL*m- 

ijf  \Uvf  tnnlhvt ;  h^  tuternal 
const  (jf  ihc  vilhia,  bMeUmging 
to  the  plncetitsii  dcddun  ;  c, 
e»  ^emuttAl  ccnU'tiH  of  tkfl 
^JttrrnuL  cells;  d^  the  ^pAfU 
bi^tw<!!^ti  (ho  mnlern&l  aqd 
f(Kt«l  fjortions  of  the  villtjii 
e.  the  ititertial  tnctnbmoe  of* 
the  villuif  CuDtiniioufl  witb 
the   extGrnat   membrane   of 


Spring  of  the  second  parentage  will  bear  in  greater    the  ehorion ^  /  iho  iDicrnut 
or  less  Ue^rec  the  ebaractem  of  tl.e  first;  these    ?:";f ^^^I^'^r'.l'tJ.TCf 
peculiarities   becoming   less  and  less  obTious  on    of  umbjiicoi  vca#d*. 
each  successive  occasion.* 

{j09.  Notwithstanding  the  peenliarity  of  the  proYistou  which  is  made  in 
Mamujalia  for  the  nutrition  of  the  embryo,  the  earlier  part  of  its  course  of 
development  presents  little  to 

distinguiiih  it  from  that  of  the  !"»£■  ^^^* 

infcnor  clagses.     It  may,  in  ^^_„^        r 

fact,  be  saidp  tliat  all  the  most  I^B25^^^/j 

important  parts  of  the  a|)pa-  i^^[«^AXrx,  j 

ratus  of  Organic  life,  and  even 
the  fundamcutal  portions^  of 
that  of  Aninml  life,  are  de- 
veloped upon  the  same  gene- 
ral |dan  in  all  Yertebrata; 
aud  that  the  special  peculiari- 
ties of  each  class  only  gradu- 
ally  evolve  themselves.  The 
eooditions  under  which  the 
aiimenlary  canal  (^g  16:^, 
604)^  the  heart  luid  blood- 
resseU  (§§  1^54—260),  the 
liver  (§  412),  the  corpora 
Woimaua  (§  422),  the  verte- 
bral column  (§  (J04),  the 
nervous  tciUres  (§  6G3),  and 
the  car  and  eye  (S§  U6,  T24), 
first  pres^cut  themselves,  ex- 
hibit  no  essential  difference 


Etol>ryo  of  l>->f^  twctity-ftve  day«  after  t!i«  lait  eopu- 
latiOR,  eulfurged  ihreo  Umcs:— n,  prosuneephiiloTi  j  h^ 
d«utcDcephD.1oD;  e,  iii4^»enccphn]ciiTi ;  e/,  cpeu4.H'phHlon; 
*'i^J^\f*  auditory  vvstcb;  *;p,  A, »,  viseeful  iiri^hes;  jt, 
right  &uri«^l<?:  f,  tight  TeTitHdu;  m,  left  vetitrifle  j  w, 
huJbtit  |^nrt^cm  :  <j,  pericturdiutn ;  p,  Hvc^r;  9,  loop  of  ht' 
tcrstihc^eommuiilcAtin^  through  r,  tho  d:ucli]t  t>niphal&- 
mciictitericuii,  with  #i  *,  the  umbillcnl  TCiiele  j  r,  fclljua- 
loi»  I  w»  amnlirm  j  r,  untprtor  ffxtrcmifj ;  j?j  posterior 
txtrctnitjr ;  1^.  not?* 


^  8ee  Ibc  very  ingenimis  pApers  on  tlila  fiut^cet  liy  Dn  Hftrvey*  in  the  **Et!inb, 
MoDthly  JfiwmtTl/'  for  1840  ood  1B51  \  and  hia  pumphlet  "On  a  Rtmarkahlc  Effect  of 
Cr<*ss-bree4liDg,'*  Edinbureb,  1S51. 
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^r-:-.  Ic-nnl.?.  BlpI.  or  Mammal;  and  the  first  considerable  diverg- 
J,    :.f   ."jiii:n<:n  tr{>e  is  shown  in  that  aJiention  in  the  structure 

of  the  Heart,  and  in  the  ar- 
^4'  "-'•^-  ranrement  of  the  great  ves- 

Beb.  which  distinguishes  the 
air-breathing  Vertebrate  from 
the  Fish :  whilst  in  the  latter, 
the  original  conformation  is 
retained,  and  is  made  subser- 
vient to  the  distribntion  of 
the  blood  in  the  arterial  fill- 
ments.     So  again,  at  a  Uter 
period,  the  Corpora  "Wolffi- 
ana  grive   place  in  the  air- 
breathing  Vertebrate  to  the 
permanent  Kidneys,  hot  re- 
main persistent  in  the  Fish. 
In  like  manner,  the  conrse  of 
derelopment  of  the  Tertebral 
elements    very    early  sboi^ 
those  ]>ecaliarities,  which  m 
characteristic  of  the  type  of 
the  Fish ;  whilst  it  is  not  no- 
til  a  sabseqaent  period,  thtt 
in  these  or  any  other  parts 
(save  in  the  provisions  alreadj 
described  for  the  nntritioa  of 
the  foetns  and  the  aeration  of 
its  blood)  is  there  anythin? 
that  can   be   acconnted  dis- 
tinctive of  either  of  the  higbff 
classes  of  Vertebrata.— The 
:iccompanyiui;  fiixares  exhibit  an  early  phase  of  the  evolution  of  the  Mim- 
maliuu  embryo,  in  which  most  of  the  organs  are  in  a  very  rudimentary  cod- 
vlition.     It  is  in  a  state  not  much  further  advanced  than  this,  that  the  embrro 
of  Monotnfmnta  and  Marsupinlia  is  expelled  from  the  uterus;  in  the  higher 
orders,  however,  it  is  retained  in  that  cavity,  and  continues  to  derive  its 
support  thrv^u^h  the  placenta,  until  nearly  all  the  principal  organs  in  the 
body,  save  the  ironerative,  are  prepared  for  the  active  performance  of  their 
respective  fuuotious.     Still,  there  are  considerable  differences  in  the  degree 
oi  iiidepcudeuoe  manifested  by  the  young  Mammalia  of  different  orders  tf 
:iw  .H>vK.'h  of  their  birth;  those  of  most  Carnivora  and  Rodentia,  for  ex- 
.uu^'ic.  coming  into  the  world  in  a  feeble  condition,  their  eyelids  being  kI- 
UiViU,  ihcir  "movements  feeble,  and  their  calorifying  power  low;  iriiikt 
*.uo>^'  ji*  Hu/HinaHts  possess  the  use  of  the  visual  sense  from  the  first,  speedilj 
:u^(iLirt'  v-^»»sidorable  locomotive  power,  and  can  maintain  their  own  best 

'ii«^.  .V'tlioujrh  nothing  is  certainly  known  in  regard  to  the  causes  whid 
-naiuiivv  '.Ik*  S<»\  of  the  offspring,  some  facts  which  have  been  observed  on 
ins  .liiious  sul»l<.vt  are  worthy  of  being  here  adverted  to,  with  the  pnrpo« 
»'  N^iiuulaiiiii;  further  inquiry.  It  is  stated  by  Mr.  Knight,  that  sevenl 
xiaus  -i"  .uouveoious  Plants  can  be  made  to  produce  solely  male  or  soWj 
•;i.i»».-*  io^voiN,  l>y  roiTulating  the  quantity  of  light  and  heat,  under  which 
.uj  .lio  ^r\>,vu.  If  the  heat  be  excessive,  compared  with  the  quantity  of 
•;^  i;  wik'a  '.he  wlaut  r^^ceives,  male  flowers  only  appear; — ^but  if  light  be 


r^  some  Embryo  ttraigfateDed,  and  seen  in  front : — 
■•  I.  3ii*cni!f :  6,  b,  ejea :  c,  r.  first  visceml  nrch,  form- 
jijf  Utf  luwtfr  jaw  :  d,  d,  second  Tisceml  arches  ;  e,  right 
«ir*\:ie:  /.  I<tt  auricle:  y.  right  Tentricle;  h,  left  vcn- 
T»t:i«  ;  »,  aurtitf  bulb ;  t,  k,  lirer,  between  the  two  lobes 
U  vliicQ  is  «eea  the  divided  orifice  of  the  omphalo- 
SKMaceno  vein:  I,  stomach:  m,  intestine,  communi- 
MCinx  wi:h  the  umbilical  vesicle  n  n;  o,  o,  corpora 
W  -ilfi.iua :  p.  allaocoii :  •/.  q,  anterior  extremities;  r,  r, 
-Ki»(erior  excrumlties. 
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in  excess,  female  flowers  alone  will  be  produced.  In  this  case,  It  seeniB 
likely  tliat  both  sets  of  sexual  organs  exist  in  a  rudimentary  state ;  and  that 
the  one  or  the  other  kind  is  developed  according  to  external  circumstances. 
To  the  same  industrious  exx>erimcntcr  we  owe  some  interesting  facts  in  re- 
gard to  Animals,  to  which  this  explanation  is  not  applicable.  He  remarks 
that  in  flocks  or  herds  of  domesticated  quadrupeds,  it  is  no  uncommon 
thing  to  meet  with  femaks,  whose  offspring  is  almost  invariably  of  the  same 
sex,  althongh  it  may  have  resulted  from  intercourse  with  Bereral  different 
males:  whilst,  on  the  other  hand,  he  has  never  niet  with  makg  that  ex- 
hibited any  such  uniformity  in  the  sex  of  their  oflspring'  with  different 
females.  Hence,  he  concludes  that  the  female  parent  exercises  the  chief  in- 
fluence in  determining  the  sex.  An  experiment  upon  the  fecuntfation  of 
Birds,  which  he  states  to  have  been  frequently  repeated,  gave  the  following 
cnrious  result  When  the  female  was  kept  withont  intercourse  with  the 
male,  up  to  nearly  the  time  of  laying,  so  that  the  eggs  had  advanced  veiy 
far  in  their  development  at  the  time  of  fertilization,  the  proportion  of  males 
among  the  offspring  was  very  large — commonly  about  six  out  of  seven.* 
Borne  observations  t^hich  have  been  made  on  the  Human  species  tend  to 
show,  that  there  is  a  probal)ility  of  a  majority  in  the  number  of  one  sex 
over  the  other,  according  to  the  relative  ages  of  the  parents; — the  male 
children  predominating  in  those  families  in  which  the  father^s  age  is  con- 
siderably above  the  mother^s  and  vice  rersfi.^ 

61 L  In  no  tribe  of  animals  save  Mammalia,  do  we  find  that  the  young 
are  nourished  exclusively,  for  some  time  after  their  birth,  by  a  fluid  secreted 
from  the  blood  of  the  maternal  parent ;  the  nearest  approach  to  this  is  pre- 
sented by  the  Pigeon^  whose  *'  crop,"  during  the  breeding  season,  secretes  a 
milky  fluid,  which  is  mingled  with  the  maeeratiug  grains,  and  is  re  turned 
with  them  to  the  mouth,  to  be  imparted  to  the  young.  The  Mammary 
glands  present,  in  the  diff'erent  orders,  a  considerable  variety,  both  in  situ- 
ation and  in  grade  of  development.  In  the  greater  part  of  the  class,  they 
are  found  in  close  connection  with  the  goncrativc  apparatus,  their  orifices 
in  the  Cetacea  being  very  near  the  outlets  of  the  rectum  and  vagina,  whilst 
in  many  other  groups  (as  the  Ruminants)  they  are  only  a  little  removed  from 
these;  but  as  we  ascend  towards  Man,  wc  find  them  occupying  a  more  and 
more  advanced  position  on  the  trunk,  until  they  are  limited,  as  in  liim,  to 
the  pectoral  region.  In  complexitj  of*  structure,  also,  the  advance  is  alike 
g^radual :  for  the  Mammary  glands  of  tlie  Orm'iliorhpicus  are  of  the  most 
simple  confirmation,  consisting  of  a  mere  cluster  of  isolated  follicles  with- 
out any  ni|)ple  (Fig.  171)  j  those  of  the  Cetacea  are  but  little  aborc  them 
in  structure,  and  the  nipples  are  buried  in  a  cleft  of  the  integument;  whilst 
in  the  higher  Mammalia,  these  glands  are  fonned  upon  a  very  elaborate 
tjiie,  and  the  nipples  are  prominently  developed,  so  as  to  be  received  into 
the  mouth  of  the  offspring,  which  draws  forth  the  secretion  by  suction. 
The  most  remarkable  development  of  the  nipple,  however,  is  found  in  the 
Marsupialta,  in  which  it  serves  for  the  attachment  of  the  '*  marsupial  fcetns,*' 
and  for  Uie  conveyance  into  ita  cesophagus  of  the  secreted  fluid,  which  in 
here  expelled  from  the  mammary  gland  by  the  action  of  a  compressor  muscle. 
A  similar  expuhor  action  seems  to  be  exercised  by  the  abdominal  muscles 
af  the  Ornithorhyncus,'  for  although  (as  Prof  Owen  has  shown)  the  young 
possesses  flexible  lips  instead  of  the  horny  bill  of  the  adult,  with  a  tongue 

I  «i  Sdeotioas  from  Mr.  Enight'a  Physiobgicul  Papers, "^pp,  347,  S5L 
*  Qnetelct  ^*Sur  UHoname,*'  torn.  i.  pp.  52,  &S. 
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afUpted  for  guctioii,  these  can  scarcely  act  effectnallj  withoat  a  mp|il€,iii4 
the  nutrimeut  is  probably  imparted  and  rereived  by  both  actions  eQii|OiBtlj'. 
fil2.  The  Mfll:  of  most  Mammalia  couRsts  of  Water,  boldinp  m  solotiaa 
a  peciibar  alburaiEows  stnbstance  termed  Caseine^  and  Tariotis  BattDO  tsfp^ 
dients,  together  with  (in  most  instances)  a  eertaiQ  form  of  sagcr;  aad 
haTiug*  Oleaginoas  globules  suspended  in  it*  The  ni08t  important  diffipr- 
ence  between  Case  he  and  Albumen  eonsiMt?  in  the  faet,  that  the  fonaer  u 
not  coaguhited  by  heat,  which  precipitates  the  latter;  and  that  it  %$  eoifi- 
lated  by  ascetic  acid,  which  has  no  effect  npon  the  latter,  Caseine  is  rtrj 
remarkable  for  the  facility  with  which  it  may  be  coagnlated  by  the  contirt  of 
certain  animal  racmhraues^  thuu  a  piece  of  "rennet/'  which  is  Dotliiiifr  eliS 
than  the  dried  stomach  of  a  calf,  will  coagnlate  the  canine  of  1800  tinMi 
its  weif!:bt  of  milk,  Fnrther,  Caseine  appears  to  snrpft^s  alboniei  bi  iH 
power  of  combining  with  the  phosphates  of  lime  and  ipa^csia,  ami  fcafa^ 
mg  them  soluble ;  and  it  seems  to  he  in  this  mode,  that  tbe  eartlij  pbdt- 
phates,  which  are  so  important  for  the  cotisohdation  of  tbe  lioii«a  oif  t^ 
sttcklini^  animal,  are  introduced  into  its  system.— Bare  in  the  larger  pfo- 
portion  of  these  salistances,  the  Saline  matter  of  Milk  is  nearly  th«  mtm 
as  that  of  blood, — The  sugar  of  Milk  is  peenliar  as  containiBg  nraii^  li 
per  cent,  of  water ;  so  that  it  may  really  be  considered  as  a  ttytSrata  «f 
suj?ar.  It  h  nearly  identical  in  its  composition  with  starch;  and  it  ai 
to  be  directly  formed  at  tlie  expense  of  the  fariaaceons  clenicutB  of  tii« 
Sujrar  of  raifk  is  chiedy  remarkable  for  its  proneness  to  metatnorfthi 
lactic  acid,  under  the  influence  of  a  deeomponing  animal  taembmac! 
acts  as  a  ** ferment;-'  and  it  is  thought  by  some,  that  the  agency  of  saek  a 
membrane  in  occasioning  the  coagnlation  of  easeine,  ii*  first  exerted  la  pfo- 
ducing  lactic  acid,  which  in  its  turn  acts  npon  the  easeine. — Tlie  Ot€>a^f>QS 
globules,  which  consist  of  the  sub$?tance  called  butyHne,  are  i^ttrroiiad^ 
by  a  thin  pellicle,  that  keeps  them  from  coalescing  whilst  the  milk  is  at  ftiSt; 
bat  when  it  is  agitated  the  envelops  of  the  oil-globti'  rj,  &ml  thef 

rnn  together,  so  as  to  form  butter     It  has  been  n-  4   batyrie 

acid  IS  one  of  the  products  of  the  change  in  bv  ml»A 

of  putrescent  animtd  membranes;  and  it  can  -  4  it  ii 

directly  producible  by  the  transformation  of  tbiit  ^  in  t^  Uvte 

body. — Thus,  Milk  contains  the  three  elates  of  o  ._  ^    indpl«a^  wUeli 

jfotm  the  chief  part  of  the  ordinary  food  of  animals,  namely,  the  alb«niaio«i^ 
''Ihe  saccharine,  and  the  oleaginous;  together  with  tbM.f  mi  nigral  compOQiill^ 
which  are  re<[|uired  for  tbe  development  and  constK  f  ib^  fabHe  af 

the  infant.     It  would  appear,  howerer,  that  the  p*  of  tbeie  way 

vary  consifierably ;  haTing  reference  partly  to  the  ■  i>ii  of  tilt  food 

on  which  the  animal  i«  habitually  supported,  and  put  n;  im  thai 
of  tlic  animal  itj^elf.     Thus,  in  the  CunriTora,  «o  long  as  they  Ura 
pun^ly  nuimal  diet,  the  milk  contains  V    ' 
a  tuivcd  ilict,  suii^r  soon  beiromes  ab 
*J^'"  ^        "  '"      'ivorous  aninmJs, :. 

1!  iorably ;  and  it  7«  r^ 

ivii.       .    .,  arcordbig  to  the  nature 
tf\-'  '•■  ^'    vhe  animal,  and  other  circir 

t'lr,    I?  .it,  and  Sheep,  the  average  proportif>n^  of  C'as*»nic.  iiattar*  ai 
Si  L'  -  11  f    nearly  the  same  one  with  another,  rach  amimaling  tofrcmS  la 
per  cent.    In  the  milk  of  the  Asa  and  Mare,  on  the  nthrr  liaad,  tba  fifO| 
Uott  tif  easeine  is  under  3  p<T  cenf    »^'  '  ..u  i,Wii,.ns;  fn>njnitQents aiv 
t«c«ablr*,  whilst  the  sugar  anrl  ul  e  to  neariy  9  per 

In  Xht  Human  FenaAlv,  the  ^acchaitnt:  mm  nELuuinoiis  elattfllitft  are 


ir;  biit  if  they  bafad 
their  miUe.   ~Anii»ipft 
•ftioii  of  the  j 
^riatioti  la  fbri 
nl  Lh»  anotT  ^f*nm 

Thas,  la  Ih  .4  tkt 


DIBOEIMIKATIOK  OF  SPECIES. 


G21 


present  ill  lar^e  amount;  wljilst  tlie  caseine  bears  a  Bmaller  i)roportion. — 
Tbt;  |>roportion  of  the  saccharine  and  olDaginous  elements  appears  to  be 
specially  ftffected  bj  the  amount  in  which  these  are  present  iu  the  food,  and 
bjr  the  degree  in  which  the  ^laaTitity  Invested  is  consumed  by  the  rcftpiratorj 
process.  Thus,  a  low  external  leuiperatnre,  and  out-door  exercise,  by  in- 
ercasmfi:  the  production  of  carbouie  acid  from  the  iunprs,  occasion  a  con- 
sumption of  the  oleaginous  and  saccharine  matters  which  might  otherwise 
pass  into  the  milk,  and  thus  diminish  the  amount  of  cream.  On  the  other 
hand,  exercise  favors  the  secretion  of  easeine;  which  would  seem  to  indi- 
cate, that  this  ingredient  is  derived  from  the  disintegration  of  the  azoiized 
tissues.  Thus,  in  SwiUerland,  the  cattle  which  pasture  in  exposi.*d  situa- 
tions, and  wlitch  are  obliged  to  use  a  great  deal  of  muscular  exertion,  yield 
a  Terj'  small  quantity  of  butter,  but  an  unusually  large  proportion  of  cheese ; 
■jet  the  sanje  cattle,  when  stall-fed,  give  a  large  ciuantity  of  baiter,  and  very 
little  cheese. 


4.    Oil  the  Laws  of  the  Exercise  of  the  Genertttive  Funtifon. 

613.  When  we  contemplate  the  imrnense  number  of  diversified  forms, 
which  the  study  of  the  Organized  creation  brings  under  our  notice,  and 
witness  these  distinct  forms  perpetuated^  as  it  would  seem,  by  the  proce^  of 
Generation,  so  as  to  constitute  separate  races,  tlie  question  naturally  arises, 
whether  all  these  had  a  different  origin;  or  jvhether  the  characters  of  any 
of  them  haTe  been  so  modified  in  the  course  of  time,  as  to  lead  to  the  belief 
ill  a  diversity  of  origin  among  those  which  were  at  first  really  identical 
TVhen  it  can  be  shown  that  two  races  have  had  a  separate  origin,  they  are 
regarded  as  of  ti(ff ere  fit  species ;  and,  in  the  absence  of  proof,  this  is  inforred^ 
when  we  see  some  peculiarity  of  organization,  characteristic  of  each,  so  con- 
Btantty  transmitted  from  parent  to  oflspring,  tliat  the  one  cannot  be  supjmsed 

have  lost,  or  the  other  to  have  acquired  it,  througli  any  known  operation 
of  phyfiicaZ  causes.  It  is,  therefore,  a  point  of  the  utmost  importance  to  the 
Naturalist,  to  ascertain  what  these  constant  distinctions  are^  whilst  it  is  an 
investigation  of  high  interest,  iu  a  Physiological  point  of  view,  to  trace  the 
modifying  influence  of  external  eireumstances  upon  the  structure  and  func- 
tions of  living  beings,  and  to  inquire  liow  far  the  results  of  such  iiiHuences 
may  be  transmitted  hereditarily,  so  that  the  differences  produced  by  them 
may  be  perpetuated. — Where  races  which  have  originally  sprung  from  a 
common  stock  present  marked  differences,  they  are  spoken  of  as  varteiieii 
and  the  variety  may  be  (romicnt,  from  its  peculiarity  manifesting  a  tendency 
to  disappear,  or  penrtatmit,  where  it  continues  to  be  transmitted  without 
change.  The  uncertainty  of  the  reputed  limits  of  species  is  daily  becoming 
more  and  more  evident ;  and  every  Naturalist  is  aware  that  a  very  large 
iiumber  of  races  are  usually  considered  as  having  distinct  origins,  when  they 
are  nothing  more  than  permanent  varieties  of  a  common  stock.  Whilst  the 
c  ertious  of  the  enterprising  discoverer  are  adding  to  our  already  enormous 
list  of  species,  from  the  unexplored  resonrces  of  foriegn  lands,  the  skill  of  the 
liorticulturist  and  of  the  breeder  is  exerted  to  produce  new  varieties  of 
species  already  in  our  catalogues;  and  it  hm  unfortunately  too  often  hap- 
pened, that  a  new  speeitic  name  has  been  invented  for  the  latter  as  well  as 
for  the  former;  and  that  a  mere  hybrid  or  transient  variety  has  thug  taken 
the  rank  of  a  species,  to  the  confusion  of  all  true  prineipleB  of  arrangement 
The  philosophic  naturalist,  ou  the  other  hand,  aims  to  reduce  the  number  of 
species,  by  investigating  the  degree  of  variation  which  each  is  liable  to  un- 
dergo, the  forms  it  assumes  at  different  periods  of  its  existence,  the  per- 
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manent  characters  by  which  it  may  be  distinguished  during  its  whole  life, 
the  habits  which  are  natural  to  it,  the  degree  in  which  these  may  be  changed 
by  the  influence  of  circumstances ;  and,  in  fine,  the  endeavors  to  become 
acquainted  with  the  tchole  Natural  History  of  a  reputed  species,  before 
separating  it  from  another  to  which  it  may  be  closely  allied. 

614.  Many  examples  may  be  given  of  the  success  with  which  this  mode 
of  investigation  is  now  being  prosecuted.  The  belief  which  is  gaining 
ground,  that  many  diversified  forms  of  the  simpler  Cryptogamia,  especially 
Fungi,  may  arise  from  similar  germs  developed  under  different  circumstances, 
has  already  been  noticed  (§  489) ;  and  among  the  higher  Plants,  the  experi- 
ments of  Mr.  Herbert  on  the  primrose,  cowslip,  oxslip,  and  polyanthus 
(which  he  has  proved  to  be  all  varieties  of  one  species),  are  sufficient  evi- 
dence of  the  important  results  which  would  probably  accrue  from  a  similar 
investigation  in  other  quarters.  The  uncertainty  of  all  principles  of  arrange- 
ment founded  upon  arbitrary  characters,  has  been  demonstrated  by  the  fiict 
recently  published,'  that  the  flowers  and  pseudo-bulbs  of  three  reputed  genera 
of  Orchidcous  plants  have  been  produced  by  the  same  individual.* — In  Zo- 
ology, again,  it  is  only  necessary  to  recall  the  phenomena  which  have  been 
arranged  under  the  head  of  '*  alternation  of  generations,"  to  see  how  diverse 
may  be  the  forms  presented  by  the  very  same  being  at  different  epochs  of  its 
existence.  The  great  influence  of  external  circumstances  in  modifying  the 
form  of  shells  has  been  pointed  out  by  Mr.  J.  E.  Gray ;'  who  has  shown, 
among  other  instances,  that  what  have  been  regarded  as  six  distinct  species 
of  Murex  are  in  reality  but  different  states  of  one;  and  Mr.  S.  Stutchbiny 
has  been  equally  successful  in  reducing  the  number  of  species  of  PateBa^ 
CypraOy  and  Oliva^  by  attending  to  the  changes  of  form  which  each  indi- 
vidual undergoes  in  the  progress  of  its  development.  Many  instances 
might  be  related  in  proof  of  the  uncertainty  of  reputed  specific  distinctioDS 
among  higher  classes ;  thus,  Insects  have  been  seen  presenting  the  characters 
of  different  species  on  the  two  sides  of  the  body ;  and  it  is  now  certain  that  an 
erroneous  multiplication  of  species  among  Birds,  especially  in  the  migratiog 
tribes,  has  been  occasioned  by  their  change  of  plumage  at  different  seasons. 

615.  The  Naturalist  endeavors  to  simplify  the  pursuit  of  his  science,  by 
the  adoption  of  easily  recognized  external  characters,  as  the  basis  of  bis 
classification  of  the  multitudinous  forms  which  he  brings  together;  hot 
such  can  only  be  safely  employed,  when  indicative  of  peculiarities  in  inter- 
nal structure,  which  are  found  to  be  little  subject  to  variation,  and  whicb 
are  not  liable  to  be  affected  by  the  influence  of  physical  causes.  The  color 
of  flowers,  for  example,  is  liable  to  so  much  alteration  from  the  influence  of 
soil  and  climate,  that  it  is  seldom  regarded  as  of  itself  any  test  of  the  unity 
or  diversity  of  species.  In  certain  moths  and  butterflies,  on  the  other  hani 
the  uniform  appearance  of  particular  spots  on  the  wings  is  held  sufficient 
to  constitute  a  specific  character,  because  it  is  never  known  to  vary  in  those 
kinds;  and  it  would  probably  be  found  associated,  if  the  examination  were 
pushed  far  enough,  with  some  unequivocal  differences  in  the  configuration 
of  internal  organs ;  in  other  cases,  however,  there  is  considerable  tendency 
to  change ;  but,  as  in  the  coloring  of  plants,  there  are  usually  certain  limits 
within  which  the  varieties  of  shade  are  restrained.  Sometimes  one  ax 
varies  extremely  little,  while  the  form  and  color  of  the  other  present  mncb 

'  **  Linnoean  Transactions,"  toI.  xvii. 

2  This  fact  has  also  come  under  the  Author's  own  notice  in  the  Durham  Down  NarMi7t 
near  Bristol,  two  of  the  genera  being  the  same  as  in  the  instance  just  quoted,  but  the 
third  a  different  one,  so  that /our  may  thus  be  regarded  as  of  tht  same  speciet. 

•  "  Philosophical  Transactions,"  1883. 
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diTerdtj,  Amidst,  all  these  difEcuIties  attending  the  discnmination  of  spe- 
cies from  structural  characters  alone^  it  is  not  unrensonaljle  to  inquire^  if 
tliere  be  atjy  other  means  of  effecting  the  object  with  greater  certainty* 
This  subject  has  been  fully  considered  by  Dr,  Prichard  in  bis  elaborate 
work  on  the  Physical  History  of  Man ;  all  that  can  be  here  adverted  to, 
are  the  laws  according  to  which  the  intermixture  of  gpecies,  and  the  trans- 
Imission  of  hereditary  or  acquired  peculiarUieit  from  parent  to  offspring, 
appear  to  take  place. — The  conclusion  which  has  now  been  attained  on  the 
first  of  these  points,  and  which  (if  stated  in  a  sufficiently  general  form},  is 
equially  applicable  to  both  the  Animal  and  Vegetable  Kingdoms,  may  be 
regarded  as  one  of  the  most  valuable  tests  which  the  naturalist  possesses. 
In  Plants,  the  stigma  of  the  flower  of  one  species  may  be  fertilized  with  the 
pollen  of  an  allied  species;  and,  from  the  seeds  produced,  plants  of  an 
I  IB  term  edi  ate  character  may  be  raised.  But  these  hybrid  plants  will  not 
I  msnally  perpetuate  the  race;  for^  although  they  may  ripen  the  seed  for  oue 
or  two  generations,  they  will  seldom  continue  to  reproduce  themselves  be- 
yond the  third  or  fourth.*  But,  if  the  intervention  of  one  of  the  parent- 
spec  ies  be  used,  its  stigma  being  fertilized  by  the  pollen  of  the  hybrid^  or 
tnce  i7fir*cl^  a  mixed  race  may  be  kept  up  for  some  lime  longer  j  but  it  ^vill 
then  have  a  manifest  tendency  to  return  to  the  form  of  the  parent  whose 
loter  vent  ion  has  been  employed.  Where,  on  the  other  hand,  the  parents 
were  themselves  only  varieties,  the  hybrid  is  only  another  variety,  and  its 
powers  of  reproduction  are  rather  increased  than  diminished;  so  that  it 
may  continue  to  propagate  its  own  race,  or  may  be  usised  for  the  production 
of  other  varieties,  almost  ad  injiniium.  In  this  way  many  beautiful  new 
varieties  of  garden  flowers  have  been  obtained,  especially  among  such  spe- 
r  cles  as  have  a  natural  tendency  to  change  t  h^r  aspect*  Amongst  Animals, 
'  the  limits  of  hybridity  arc  more  narrow,  since  the  hybrid  is  totally  unable 
to  continue  its  race  with  one  of  its  own  kind ;  and  although  it  may  be  fer- 
tile with  one  of  its  parent-species,  the  progeny  will  of  course  be  nearer  in 
character  to  the  pure  blood,  and  the  race  will  ultimately  merge  into  it' 
In  Animals,  as  among  Plants,  the  mixed  offsprings  originating  from  dif- 
ferent races  within  the  limits  of  the  same  species,  generally  exceed  in  vigor, 
and  in  the  tendency  to  multiply,  the  parent-races  from  which  they  are  pro- 
duced ;  so  as  often  to  gain  ground  upon  the  older  varieties,  and  gradually 
to  supersede  them.  Thus,  the  mixture  of  the  Europeiin  races  with  the 
Hindoo  and  South  American,  has  produced  tribes  of  such  superior  charac- 
ters of  bodvj  and  of  such  rapid  tendency  to  multiplicatioD,  that  there  is 

'  The  strict  form  in  which  this  law  hna  been  stated  in  fdrmer  etlitions  of  this  wi^rk^ 
iipp«&rfl  to  require  tuodificadoii ;  Dr.  Bell  Salter  hnvttig  uhttiined  fertile!  lijbrids  be* 
tween  FpUohmm  tetra^oTJum  and  E*  montanum^  and  between  Gtum  rit^aU  and  <7,  vrbartnm 
— species  whoso  divorBttj  can  scarcely  be  queatiooedp  (See  the  **■  Phytologiflt,"  toL 
IT.  p*  737. ) 

■  There  are  many  instAnces  in  which  foreign  plojit^i  that  hiiTO  been  intreduced  into 

tMs  country  under  different  specific  names,  have  been  found  capable  of  producing  fer- 

I  file  lijbrids;  in  these  casos  a  more  accumte  eataminalion  of  the  original  ItMialitj  has 

liberally  shown,  that  the  parents  were  nothing  more  than  permanent  ronetiest  or  even 

ijijbtidj  afttarally  occurring  between  other  Taiieties.     This  is  particularly  the  case 

Willi  many  of  the  South  American  genera,  such  as  that  t'legant  garden  flower,  the 

C&kt&l(iria;  and  this  is  probably  tbo  explanation  of  the  almost  inde finite  number  of 

splendid  YarietieM,  wdl  known  to  hortieuUaristSt  which  may  be  obtained  tram  the 

South  American  Amanfiiit. 

I  *  One  or  two  instancei  hare  been  mentioned,  m  wbich  a  Mule  has,  frcm  union  with 
A  similar  animal,  produced  offspring  j  but  this  ia  certainly  the  extreme  limit,  since  no 
oae  bftB  ever  maintained  that  the  race  can  be  continued  further  thirn  one  generation, 
vithout  fldraiiture  with  oae  of  the  parent  species. 
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eJKotica.  Preciselj  the  same  maj  be  said  of  Atiimals ;  those  whicli  baTe 
the  power  of  adaptation  to  differeucea  of  temperature,  food,  fc.  are  most 
universally  diffused ;  while  those  that  can  only  exist  within  narrower  limits 
of  Tariatiou,  are  restricted  to  the  iieighl>orliood  of  their  original  locality.' 

617*  It  becomes  a  most  interesting  question,  then,  to  determiue  what 
are  the  changes  which  may  be  produced  by  the  inflnenee  of  external  cir- 
cumflUnces,  aud  how  far  these  are  hereditarily  transmissible.  On  this  sub- 
J€ct,  a  few  facts  may  bo  stated,  which  will  give  an  insight  into  tlie  natare 
of  the  inquiry  ;  but  it  is  one  which  deserves  more  attention  than  ft  has  yet 
^  received,  siucc  it  is  not  only  essential  to  the  correctness  of  all  Kntural  his- 
tory classifications,  but  is  connected  with  some  of  the  highci^t  questions  in 
Ftopiologieal  science.— Oae  of  the  most  obvious  distinctions,  where  it  is 
TireM  marked,  is  that  of  nze;  and  yet,  as  we  have  already  seen  (§  118),  it 
is  one  peculiarly  open  to  fallacy.  Not  only  the  size  of  the  entire  organism, 
but  the  relative  development  of  individual  parts,  may  be  greatly  modified 
by  the  supply  of  food  \  this  is  especially  the  ease  in  Plants,  whose  tissues 
ore  simple,  and  whose  different  organs  closely  rescmhle  each  other  in  ele- 
mentary constitution.  Thus,  cultivation  not  only  converts  a  ''single" 
flower  into  a  ''double"  one  (|  92),  but  obliterates  spines,  prickles,  and 
thorns  from  the  surface  of  many  plants ;  a  change  which  was  fancifully, 
but  not  improperiy,  termed  by  Linnsens  **  the  taming  of  wild  fruits," 
The-  instances  of  such  alterations  effected  by  external  agency  in  the  Vege- 
table kingdom,  are  almost  innumerable  ;  and  they  are  not  confined  to  strnc- 
tare,  being  observed  in  habit  also*  Thus,  many  jdants,  which  are  anmtak 
!q  a  cold  climate,  become  p^r<^7i«Ki/  if  transported  to  the  torrid  zone  ;  and 
plmnts  which  are  usually  Uennial,  forming  their  organs  of  vegetation  one 
year,  and  those  of  fmetifieation  in  the  second,  and  then  pcrisiiing,  may  he 
converted  into  annmeh  by  heat,  or  into  triennials  by  cold.  It  is  very  difii- 
cult,  however,  to  say  how  far  the  varieties  thus  created  may  become  permit- 
men  t  by  their  hereditary  transmission.  The  usual  principle  is,  that  propa- 
gation by  seeds  will  only  reproduce  the  species,  the  race  not  being  continued 
with  any  certainty*  In  most  plants  which  have  been  much  altered  hy 
ctiltivation — such  as  the  Apple,  the  Cabbage,  or  the  Dahlia— the  seeds,  if 
dropped  on  a  poor  soil,  will  produce  offspring  which  approximates  to  the 
original  typo  of  the  species  j  whilst  from  the  seeds  of  the  Cerealia  (corn- 
gtuins),  which  are  believed  to  have  been  originally  grasses  of  some  very 
different  aspect,  no  other  forms  are  ever  produced,  which  might  assist  in 
the  solution  of  the  curious  problem  of  their  origin.  It  is  not  improbable 
that,  as  among  animals,  varieties  which  arise  from  some  peculiarity  in  the 
constitution  of  the  being  itself,  are  more  liable  to  be  reproduced  in  the  off- 
spring,  than  those  which  are  simply  tho  result  of  external  agencies.  It  is 
^  evident,  at  IcMt,  that  here  also  the  capability  of  undergoing  such  modifica- 
tions, ii  that  which  renders  the  species  most  truly  valuable  to  Man. 

%l%.  Amongst  Animals,  the  various  breeds  of  domestic  cattle,  of  the 
boffie,  dog,  &c.,  afford  abundant  evidence  of  the  modifying  influence  of 
external  conditions ;  since  there  is  little  doubt  that  they  have  respectively 
originated  from  single  stocks,  and  that  their  peculiarities  have  been  ea- 
gnifted,  as  it  were,  upon  their  specific  characters.    Between  the  Shetland 

I  The  geop^phicttl  diatributloo  of  urgniiiiml  btinga  ia  !i  qa<?stion  of  tite  Ufghpat  In- 
llenAt  lo  ibe  Thy  biologist  na  wcU  as  la  Uic  Naturaltat ;  nniJ  It  lA  cmci  of  tlio^c  wliich 
|i>^uirc3i  the  titmuBt  etucidikilon  it  oiui  obtmn  from  the  cgiaUinc4  rvsi^eircljes  tit  bulb. 
I  It  i»  ft  ikpAitmcnt  of  Infjulry  ^hlcli  is  kI  prwent  betttg  laoft  nioeiiil^lly  proaeouted  by 
pprof,  E.  Forbes. 
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poBj  and  the  Arabian  ra^er,  for  example,  or  between  the  Newfboiidlaad 
dog  and  the  Italian  greyhound,  there  would  seem  marh  grreater  dMfertttOt 
than  between  the  Lion  and  Tiger  (the  skulls  of  which  are  so  modi  aJOice 
that  even  Cuvier  was  not  alwaji  able  to  distlii^tiish  them),  or  bdtv^tt 
varioua  other  speciea  of  the  Feline  tribe,  which,  from  the  inrapi 
clomestication,  have  not  been  exposed  to  snch  iufioences.  Bat  that 
domesticated  races,  however  different  their  externai  characters,  hai 
common  origin,  m  indicated  by  the  perfect  freedom  with  which  they 
together;  and  by  the  fact  that,  whenever  they  retnro  to  a  state  i>f 
as  is  the  case  witli  the  dogs  introdaced  by  the  Spaniards  into  Cuba,  and 
the  horses  and  wild  cattle  which  now  overspread  the  plains  of  Boalh  Asm- 
rlca^the  differences  of  breed  disappear,  and  a  commou  form  is 
by  all  the  individuals.  It  is  not  a  little  ourtoos,  too,  that  instiitcta 
must  have  remained  dormant  for  many  generations  during  the  dome 
condition  of  the  racc^  should  reappear  when  this  change  takes  place  m 
habits ;  thus,  among  the  wild  horses  of  South  America,  there  is  the 
tendency  to  associate  in  herds,  uuder  the  protection  of  a  Seatler,  as 
those  of  Asia,  whose  ancestors  are  not  known  to  have  been  ever  redtieed  to 
iubjection,  "  It  seems  reasoimble  to  couelnde^"  a??  Sir  C.  Lye  11  h&s  joitiT 
ramarked,  "that  the  power  bestowed  on  the  horse,  the  dog,  the  ox,  dir 
sheep,  the  cat,  and  many  species  of  domestic  fowls,  of  supporting  limoia 
every  climate,  w  as  given  expressly  to  enable  them  to  follow  imm  throo^* 
out  all  parts  of  the  globe,  in  order  that  he  may  obtain  their  aerrieea,  «li^ 
they  our  protection."  *' Unless  some  animals  had  manifested  111  a  irild 
state  an  aptitude  to  second  the  efforts  of  man,  tlieir  domestical ioa  wmM. 
never  have  been  attempted.  If  they  had  all  resembled  the  wolf,  thi*  fox. 
and  the  hyena,  the  patience  of  the  experimeutalist  would  have  licen  tx- 
liausted  by  innumerable  failures,  before  be  at  last  succeeded  iu  abuttniap 
some  imperfect  results ;  so,  if  the  first  advantages  derived  from  the  culti- 
vation of  plants,  had  been  elicited  by  m  tedious  and  costly  a  proccsi  •» 
that  by  which  we  now  make  some  jiligfil  additiomd  iiiipro\  emrnt  m  ccrtiin 
races,  we  .^hoiUd  have  remained  to  this  day  In  ignorance  of  the  greit^ 
number  of  their  useful  qualities." 

619.  How  all  those  varieties  have  been  produced,  which  are  nciir  to  do- 
merous  and  striking,  is  a  question  much  more  easily  asked  tlian  rcpHfd  to 
satisfactorily.  That  very  important  changes  may  be  induced  by  Ihc  dirtct 
influenee  of  climate,  food,  and  liabits  of  life^  upon  sneces^sivc  gcnetmtiaw^ 
cannot  be  donlited  ;  since  experience  shows  that  particular  mecs  of  wTttf^ 
placed  under  new  condittons,  gradually  undergo  modiiications  wbidi  adl|rt 
them  to  those  conditions.  Thus^,  of  the  number  of  new  varietii?^  vUeli 
have  sprung  up  amongst  the  domesticated  races  first  intriHl  'a  Sfiilk 

America  by  the  Spaniards,  there  are  mauy  which  arc  ci>  rMthi 

climaHc  iiifluenrcs;  and  even  within  a  recent  period,  numeriJUH  cxompleiof 
a  similar  modifieatiou  have  occurred.  For  example.  Sir  C,  Lyell  mtatknt 
that  some  Englishmen*  engaged  in  conducting  the  operaUon.H  of  Iha  Btfl 
del  Monte  Company  in  Mexico,  carried  out  with  them  itome  grejrlieQadi  nf 
the  best  breed,  to  hunt  the  hares  which  abound  in  that  cciuutry.  Thf  great 
platform  which  is  the  scene  of  sport,  is  at  an  elevation  of  ubout  d.OCM*  te 
aljove  the  level  of  the  sea,  and  the  mercury  in  the  barometer  standi  htW- 
nally  at  the  height  of  about  19  incbes.  It  was  fimnd  that  the  grrykiran^ 
could  not  support  the  fatigues  of  a  long  chase  in  this  alU-nuntrd  atmoiiilietr ; 
and,  before  they  could  come  up  with  their  prey,  they  lay  d*>wu  go^pin^  tat 
breath;  hot  the^e  same  animals  have  produced  whelp^t,  which  hate  prowts 
U]),  and  lire  not  in  the  leaat  degree  incommoded  by  the  want  of  doftdtjia 
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the  mr,  but  ran  down  the  hare3  with  as  much  ease  as  do  the  fleetest  of  their 
race  in  this  countrj.  Bat  pecnliarities  sometimes  arise,  to  all  appoaranee 
de  notfa,  which  cannot  be  attributed  with  the  same  degree  of  probabilitj  to 
externa!  agencies;  thus,  it  is  by  no  mmm  tincomnion  to  find  iudividuals 
of  the  Human  species  with  six  fingei's  and  six  toes;  and  such  peculiarities 

,  are  more  likely  to  be  contiaued  hereditarily  than  are  those  which  have  been 

^  seqdred.  Advantage  has  been  sometrmes  taken,  by  Man,  of  spontaneous 
¥amtions  of  this  kind^  for  some  purpose  useful  to  him  j  and  he  has  exerted 
Ms  skill  to  perpetuate  them.  The  following  example  is  of  comjiarativelj 
recent  occurrence.  In  the  year  1791,  one  of  the  ewes  on  the  turm  of  Seth 
Wright,  in  the  State  of  Massachusetts,  produced  a  male  lamb,  which ^  from 
the  singular  length  of  its  body,  and  the  shortness  of  its  lej^s,  received  the 
name  of  the  otter  breed.  This  yjhysical  contbrmatioUj  incapacitating  the 
unimal  from  leaping  fences,  appeared  to  the  farmers  around  so  desirable,  that 
they  wished  it  continued,  Wright  determined  on  breeding  from  this  ram, 
and  the  first  year  obtained  only  two  with  the  same  peculiarities  j  in  the  fol- 

ilowing years  he  obtained  great  numbers;  and*  when  the  offspring  became 

pcapable  of  breeding  one  with  another,  a  new  and  strongly-marked  variety^ 
before  unknown  to  the  w^orld,  ivas  established  J — This  history  shows  the  in- 
fluence which  the  circumstance  of  a  scanty  population  may  have  formerly 
had  on  the  production  of  varieties,  both  in  the  human  and  other  species. 
At  the  present  time,  any  peculiarity  which  may  occasionally  arise,  speedily 
merges  by  intermixture*  and  returns  to  the  common  standard  j  bat  it  may  be 

.  sarmised  that,  iu  the  older  ages  of  the  world,  some  individuals^  in  which  a 
aliarity  existed,  may  have  been  so  far  separated  from  the  rest  as  to  ne- 
ntate  frequent  union  among  themselves,  so  that  the  character  would  be 
adered  still  more  marked,  instead  of  disappearing ;  and,  being  propagated 
Of  a  few  generations,  would  be  rendered  permanent, 
620,  Acquired  peculiarities,  on  the  other  hand,  arc  seldom  reproduced  in 

I  the  offspring,  unless  they  have  a  relation  with  the  natural  habits  and  phy- 
aeal  wants  of  the  species ;  but,  when  this  relation  exists,  they  may  he  trans- 

Imitted  as  regularly  as  the  specific  characters.     Thug,  in  Dogs,  the  relative 

f  perfection  of  the  organs  of  sight  and  smell,  perhaps  also  of  hearing,  varies 
much  in  different  breeds,  and  their  mode  of  hunting  their  prey  undergoes  a 
eorres ponding  change ;  but,  in  these  cases,  no  new  instinct  is  developed, 
the  difference  merely  consisting  iu  the  relative  proportion  of  those  already 
existing ',  and  the  new  peculiarities  have  an  intimate  relation  to  the  habits 
of  the  animal  in  a  wild  state.  For  example,  in  a  mongrel  race  of  dogs  em- 
ployed by  the  inhabitants  of  the  banks  of  the  Mugdalena  almost  exclusively 
in  hunting  tlie  white-lipped  Peccari,  a  peculiar  instinct  appears  to  have 

^come  hereditary,  like  that  of  the  pointers  and  other  dogs  of  this  country. 

^^e  address  of  these  dogs  consists  in  rcstraming  their  ardor,  and  attaching 
themselves  to  no  animal  in  particular,  but  keeping  the  whole  herd  iu  check. 
Now  among  these  dogs  some  arc  found,  which,  the  very  first  time  they  arc 
taken  to  the  woods,  are  acquainted  with  this  mode  of  attack;  whereas,  a 
dog  of  another  breed  starts  forward  at  once,  is  surrounded  by  the  Peceari, 
aod,  whatever  may  be  its  strength,  is  destroyed  in  a  moment.^ — It  is  impos- 


*  ^'  Philoaophicul  TranaactlgtiK,*'  1813.— A  very  siniUftr  nccouiit  has  been  recently 
given  by  prof,  Owen  (in  a  lecture  dcliTercd  before  Uie  Society  of  Arts,  Dec.  10,  1851), 
resp&etiiig  the  introduction  of  a  new  breed  of  Merino  Slieep,  itlathiguiahed  for  tlvo  long, 
rmootb,  stfatght,  and  silky  ehariicter  of  the  wool,  and  now  knovrn  ns  the  **  M  audi  amp 
breed/' 

'  Some  suri«as  imianc^fi  of  a  simUar  propagation  of  u^qiurcd  pcculianties  ocmnt^oted 
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siblo  not  to  recognize  in  many  acquired  habiU,  however,  sometHsg  mere 
than  a  relation  to  the  instincts  Bceessary  for  the  preservation  of  the  speciei  j 
their  evidently  arise,  in  part  at  least,  from  the  connection  of  the  nice  wllh 
Man.  This  is  mor^  particularly  exemplified  in  the  instanee  of  the  breed  of 
Shepherds'  Dogs,  which  often  display  an  extraordinary  hereditary  sagacity 
respecting  their  peculiar  vocation ;  as  well  as  in  cases  which  have  b«;*n  k^ 
qucntly  mentioned,  where  the  descendants  of  dogs  to  which  pecnliar  tricks 
have  been  taught,  have  displayed  an  unnsual  aptitude  for  learuing  the  saise. 
It  may  tlieii  be  considered,  that  the  capability  of  undergoing  socli  ntodlici- 
tions  is  a  part  of  the  physical  as  well  as  structural  character  of  the  ~ 
even  in  a  wild  state;  and  that  Ms  relation  to  man  may  have  aa  lai| 
infliieaee  on  his  hereditary  propensities,  as  the  supply  of  their  pbyaleal  i 
has  on  animals  of  other  species.  The  same  may,  [perhaps,  be  siiiii  of  tiF 
Horse,  in  the  races  of  which  we  find  pecnliar  habits  transmitted  from  pi 
to  offspring,  which  are  the  pure  results  of  human  instruction. — It  is 
the  want  of  this  relation  towards  either  the  natuml  habits  of  the 
their  sttbserviency  to  man,  that  habits  acquired  by  other  animals  do  i 
come  hereditary.  Thus,  although  Pigs  have  been  taught  to  hunt  and  i 
gamemth  great  activity  and  steadiness,  and  other  learned  individnab  of  1 
&ame  species  hafe  been  taught  to  spell  ^  the^s^  acquirements  hare  la  no  n- ' 
stance  been  transmitted  to  the  offspring,  not  being  the  result  of  the  derdop- 
meat  or  modification  of  any  instinctive  propensity  naturally  exi^ttag'.  la 
like  manner,  however  artifically  the  forms  of  domesticated  aniioala  may  hart 
been  altered  In  all  the  indlvidaals  of  snceessive  generations,  the  usual  cha* 
racter  of  the  species  and  variety  is  maintained  in  each  one  of  the  oflsprinp; 
unless,  as  sometimes  occurs,  this  alteration  happens  to  coincide  with  nttanl 
varieties  of  the  species.  Thus,  instances  are  on  record,  in  which  Dogs^lkal 
have  been  deprived  of  their  tails  by  accident  or  design,  haT©  prcMfac«l 
pnppics  with  a  similar  deficiency ;  but  as  breeds  of  tailless  doga  hare  ipso- 
taneou^ly  arisen,  there  would  be  a  stronger  tendency  to  the  per})Ctaatsoa  e<f 
this  accinired  peculiarity  than  when  no  snch  peculiarity  uatnmlly  ocntrred. 
There  can  be  no  doubt  that  much  has  yet  to  be  learned,  of  tiie  tnAnenee  of 
the  mental  state  of  the  parent  upon  the  development  of  the  oflkprtng;  ttiil 
that,  thoogh  crednlity  and  the  love  of  the  marvellous  hare  beeii  the  occ§d<m 
of  many  strange  fictions  being  transmitted  to  n.s,  we  are  by  no  means  jostiM 
in  rejecting  the  doctrine  without  fnrther  inquiry.  And  when  U  li  botae  in 
mtnd,  that  the  races  of  animals  among  which  the  so-eallnd  upontwumm  fa- 
riations  are  most  apt  to  spring  u]>,  are  also  those  which  are  most  ftsv^epclbit 
of  the  modifying  infinence  of  external  conditions,  it  seems  hi^*'  ihb 

that  these  spontaneous  variations  m  the  off;=priog  arc  rcnlly  n*  ir  tt 

the  intiucace  of  external  agencies  in  modifying  the  con-^  •  narcol 

iH  this  view  we  have  an  interesting  iUustrution  in  the  :  .  i  by  Mr. 

T.  Boll,  that  the  first  litter  of  puppies  produced  by  an  AuBtraUaii  dim^  h 
confinement  and  in  a  half-domestieated  state,  wcrc'aU  more  or  less  spotted; 
although  both  parents  were  of  the  uniform  reddish-brovu  <x»lor  wVkk 
belongs  ta  the  race,  and  the  mother  had  never^bred  befon?,* 

with  tho  tiiitnml  liabit*  of  the  r«*cc,  are  giTcn  by  Mj-,  Koight,  •*  PiiiU  Traaiw**  1887;  lit 
iii<Mi  nMiiitr-kah]<<,  ptiliaps,  hfq  the  (iicU  rdftted  of  the  lUlHcver. 

>  *-  BtihAi  QumhniK^Kh,''  2d  Edit,  p.  20$.  See  «ko  Montgomery  «'I1q  thmfi^^ 
i*txfgimtic\\"  p.  lil.  Walker  **Oii  Intermarriage,'*  pp.  27i>-8«  mn4  Dr,  AwrrB/^Oat 
R<*tti«rkjib1e  Cii^t'  uf  Crus^hreedtng/'  far  6pvcr«l  ^x^taplta  q(  ikt  iaflaeiKt  of  IbtMBil^ 
eottd^tkn  of  the  motlierp  nt  the  time  of  e«iie«fvtloii»  upon  Ui«  olbptias^ 
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CHAPTER    XII. 


OF  THE   BEN6IBLE  MOTIONS  OF  LIVING   BEINOB. 


€2L  Altiiouoh  wg  arc  ordinarilj  accufitomcd  to  think  of  Animalu  m 
self-moving,  and  to  regard  Plants  us  altogether  dfstittito  of  the  power  of 
'ipotttancous  motion,  yd,  aa  already  pointed  ont  on  several  oceasioni,  this 
'  dbtlnction  between  the  two  kingdoms  U  one  of  wLich  the  validity  cannot 
be  snatained.  For  the  *'  zoospores"  of  many  of  the  inferior  Alga*  are  as 
^ftctiFe  in  their  movements  us  are  the  Animaktiles  which  they  so  much  resem- 
Tile ;  and  there  are  some  Protophytes,  which  seem  to  be  in  a  state  of  niore 
|or  less  active  motion  during  the  whole  period  of  their  lives,  at  least  until 
lie  occurrence  of  **  conjugation."  Thtis,  the  OsctUatoritP,  which  are  long 
Qcntons  cellf^,  have  a  movement  of  alternate  flexion  and  extension,  writh- 
like  worms  in  pain;  soroetimes  they  appear  to  twist  spirally,  and  then 
project  themselves  forwards  by  straightening  again.  These  movements 
I  greatly  influenced  by  temperature  and  light,  being  more  active  in  heat 
and  sunshine  than  at  a  low  temperature  and  in  shade ;  and  they  are 
checked  by  any  strong  chemical  agents^  which  also  put  a  stop  to  the  motions 
"^  Ammalcnles  inlmbiting  the  same  water  Most  of  the  IMatomacem,  alsOj 
[>Te  slowly  through  the  water,  as  if  by  the  action  of  cilia,  although  these 
^  are  not  distinctly  discemibte.*  Among  the  higher  Algie,  and  pro- 
bljin  the  whole  Cryptogaraic  serieB,  the  '*antheroKoids"  possess  an  activity 
iji  no  degree  inferior  1u  that  of  the  spermatozoa  of  Animals.  And  although 
"^e  diflferent  mode  in  which  the  generative  function  is  performed  in  the  Pha- 
ierogamia,  renders  it  ounecessary  that  the  contents  of  the  sperm-cells  should 
possess  such  a  power  of  spontaneous  movement,  and  the  entire  organisms 
are  firmly  rooted  to  the  ground  during  the  whole  of  life,  yet  we  shall  here- 
after find  that  they  exhibit  movements  of  one  part  upon  another,  which  are 
scarcely  inferior  in  character  to  those  of  Zoophytes — these  also  being  fixed 
during  the  greater  part  of  their  existence,  although  its  earliest  period  has 
been  pa4>sed  by  them  in  a  condition  resembling  that  of  the  zoospores  of  the 
inferior  Alga\ 

C22.  Now  with  regard  to  ciliary  movements,  it  may  be  asserted  without 
hesitation  that  they  do  not  in  the  least  indicate  consciousness  or  self-deter- 
mining  power  on  the  part  of  the  beings  which  exhibit  them  j  and  there  is 
no  reason  whatever,  why  the  fact  of  their  performance  by  any  organism 
shonld  be  regarded  as  entitling  it  to  a  place  in  the  Animal  kingdom,  It 
cannot,  indeed,  but  induce  us  to  look  at  those  movements  of  Animalcules, 
which  are  due  to  ciliary  action,  aa  of  a  purely  automatic  character,  to  seo 
that  movements  of  a  precisely  similar  nature  are  performed  by  beings  whose 
place  IS  indubitably  in  the  Vegetable  kingdom.  In  fact,  there  seems  no 
other  line  of  demarcation  to  be  drawn  between  the  Protophyta  and  Protozoa, 

I  The  B^idilarui  pfMradoita  hns  n  T^ry  remnrkAble  movement;  for  the  long  it&ff>lik9 
frostale^  of  which  this  plnnt  u  com  posed,  eiy«  edge  way  a  ovei-  tme  laoClier  uotil  they 
1lceoin«  •Imo&L  (rcimpletelj  dt^tachod^  utid  ilieti  rttura  and  alide  in  tli«  oppofllto  directioa; 
ripeiting  this  moTcmeui  witb  a  rhythmical  regularity > 


-    r.lZ    SEN-SIDLE   MOTIONS   OF    LIVING    BEINGS. 

.    -  ■  Jis.-l  r.^i'.n  the  nature  of  \\.i-\T  r.fr-C'/iive  aliiiioi.ts.  ;i::'J 

•.■■■:  -:.''•  tiVr  nbtaiiiccl  tind  ay-]  r-ipriated. — AvA  tin*  sarae 

■'..  -.•  r!iy:;iii!i«^il  inutions  which  arc  t'xliil'itod  l«y  ^Mnlht*n-ia. 

..-  .  r  .'."i  I-"  arj«l  **  «])L'rinat.ozoa ;"  their  vorv  iiiiif«;»riniiy  and  clwi- 

j   ..:■.•:■'::-  that  they  do  not  proceed  froni  a  svif-dt'tormiuinir 

:-  .;■  ■  :.'!r. ly  au!t»niatio.     Such  niuvemen:?.  aT»]K'ar  i"  ro>;iit  f:.»i:i 

.!-  :7-  "!'  a  crtain  amount  of  Vital  force.  wl:i..h  l«».euin..s  rotvii- 

-    .     -    ■'..-  riiysii;al.  throuirh  the  peculiarity  of  the  material  .sirurian.* 

-  :::-r'im..'nt.     (See  (iENKuAl  riiYSioLCKiY.  j 

r':*.-  -.'r.-i^h-  motions  of  the  hi<rher  Plants,  however,  which  are  ::^u- 

'■   ::::  -d  uii«lt.r  the  influence  of  stimuli  applied  to  ilit-ir  tissues,  or  ip 

- .  1     ar-  t.'f  them,  appear  referable  to  a  somewhat  diffirrent  category; 

■.•   !:i  '"i''".  manifestations  of  the  .same  property  of  cortfrnrtiftty,  as  tliat 

.    :  ■"■•s  in  ctrrain  Animal  tissues,  but  especially  in  the  muscular.     T]:i< 

.  -•-  .■:*  /•...v'.-ffWiV//y  on  the  application  of  a  stimulus,  may  be  reatlilv 

■.    r':i'rh»''i  frtiin  the  <'A/*7/V/Vy  which  is  simjdy  due  to  the  mechanical  n.la- 

:  ■  :**he  partielos  coraposinir  the  tissue;  the  latter  beinir  retained  as  lonir 

■  .  r*.'  i-  n:i  tvi«lo!it  decomposition,  whilst  the  fonner  is  an  essentially  rW 

:    vment.     An  clastic  litrament,  when  stretched,  tend.s  to  contract  uulv 

virtue  of  that  ilisturbance  of  its  molecular  arrangement,  which  has  beea 

■iueed  by  the  ftreo  applied  to  it ;  but  a  muscle  which  contracts  power- 

y  M|0!i  ;he  stimulus  of  a  simple  touch,  or  upon   one  of  a  still  less 

■'::i:'.ii\il  nature,  can  do  so  only  by  a  property  of  its  own,  which  is  onn- 

■•    l  with  its  attributes  as  a  living  beincr.     In  the  lowest  and  simplest 

mN.  whati'v.r  iloTroo  of  contractility  is  possessed,  appears  to  be  almo«: 

: :  'y  'liirus'"!  tlir.'Uvrh  thr  system  (§§  35,  37)  ;  and  we  can  neither  discover 

•     -i  LTr.y  <tr;:i':uro  specially  endowed  with  this  property,  nor  discern 

,-  r.'S  ".i"  lir.ir  a  nervous  system  fitted  to  call  it  into   exercise.    la 

-    ■•.  ::<  V.  »  ascend  tlie  scale,  however,  we  find  a  distinct  Muscular 

-     .-  .'vo-1.  in  v.-hich  the  jreneral  contractility  of  the  body  become?. 

^    -        :  '  r.rrated;  and.  in  proi)orlion  to  its  development*  and  com- 

-  :/•  7<.'ili  s  the  correspondinj^  but  more  feeble   powers  of  tbe 

•    :"  :::■•  tissm  s.     It  is  now  in  p'cat  dejrrec  subjected  to  the  Nirv- 

.  ^  -        :  v.'l  all  th"si'  i»ai-tsof  it,  which  are  not  connected  with  the  fr:nc- 

-,- .'  i '  life  merely,  are  rendered  subservient  to  the  Will,  anrl  thu- 

'    ■■•<Tn!iunis  of  its  operation  upon  the  place  and  condition  of 

:   .      ■     ■■    TiUiit  movements  observable  in  the  hiirher  Plants,  iliere 

•     *  •    ^  -..iVo  place  as  a  part  of  the  rejrular  series  of  phenomHiaof 

-    ~v  .■r.ction,  and  which  imist  be  re^^arded  as  the  onlinarr 

-..      -     ■    :.  vital  forces  which  they  have  derived  from  the  lisrht,  heat. 

^  -i'z'.i'X'd  their  or^^anic  activity;  but  there  arc  others  wliifb 

r,  s-.\^ndence  to  excitement  of  a  mechanical  kind.    Tnc 

..      n  of  these  movements  with  the  orp^auic  functions,  in 

'<Mnces.  and  the  indication  they  would  seem  to  irive  of 

^.    ^-         i.- nihility  in  the  second,  have  led  many  persons  to  seek 

!    ■'  them,  in  the  hyi)othesis  of  the  existence  of  a  nervous 

V.        •  rs-     But  it  will  be  seen,  if  the  question  be  fairly  invesri- 

^.   ■  •  .-vidonce  of  its  presence  is  furnished  by  tlie  'minutest 

..  • '  :;ririmieut  for  its  oj)eration  can  be  deduced  from  the 

In  the  sim}»lest  and  most  intellij^ible  instances  '.-f 

•■.  •■*.  the  chanpre  is  the  result  of  the  contraction  of  llio 

: :"  :s  is  applied  ;  this  contraction  being  couscnueui 

■     • '  its  cells,  which  must  be  regarded  as  a  manifesia- 
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tion  of  their  peculiar  vital  endo^vmcnts.  TliuSt  the  leaf  of  the  wild  Lellnce 
exadejii  when  the  fdaut  is  iu  flower,  the  milky  juice  contained  in  it^  vesicles, 
if  these  be  irritated  l>y  the  touch ;  and  the  contraction  of  the  poison-gkud 
of  the  Settle,  when  the  tubular  hair  which  surmounts  it  is  pressed,  forces 
out  its  secretion,  and  produces  uriication,  So^  again,  if  the  base  of  the 
filament  of  the  Berberry  be  touched  with  the  point  of  a  pin,  the  stamen 
Immediately  bends  orer  and  touches  the  style.  In  this  case,  the  luovement 
produced  by  the  peculiar  contractility  of  the  tissue  on  the  interior  side  of 
e  fihiment,  which,  when  called  into  operation  by  the  application  of  a 
stimulus,  necessarily  occitsions  the  flexion  of  the  stalk.  This  peculiar  irri- 
tability has  a  rclatiou  with  the  functions  of  the  flower  j  since,  when  called 
into  play  (as  It  frequently  is)  by  the  contact  of  Insects,  the  fertilization  of 
the  stigma  mil  be  assisted.  Many  similar  instances  might  be  adduced,  in 
which  a  corresponding  operation  is  connected  with  the  process  of  reproduc- 
tion in  plants,* — ^There  ere  cases  of  more  complexity,  however,  in  which  an 
irritation  in  one  part  produces  motion  in  a  distant  and  apparently  uncon- 
nected organ.  Thus,  in  the  IKonma  nmsetptiia  (Venus  fly-trap),  the  con- 
tact of  any  substance  with  one  of  the  three  prickles  which  stand  upon  each 
Mlobe  of  the  leaf,  will  occasion  the  closure  of  the  lobes  together,  by  a  change 
^Htaking  place  in  the  leafstalk.  And  in  the  Mimosa  pudica  (SDUsitive  plant), 
^^  any  irritation  applied  to  one  of  the  leaflets  will  occasion,  not  only  its  own 
I  morement  towards  its  fellow,  but  the  depression  of  the  rib  from  which  it 
I  gprings  ;  and,  if  the  plant  be  heal  thy ,  a  similar  depression  will  be  produced 
I  In  the  principal  leafstalk,  and  even  in  the  petioles  of  other  leaves.  This 
I  propagation  of  the  eflect  of  the  stimulus,  from  one  part^  to  another  more 
^^  or  less  remote,  is  usually  accomplished  in  Animals  through  the  nervous 
^K«jBtem  J  but  there  is  little  rloubt  that  in  plants  the  transmission  is  made 
Hr^rongh  an  entirely  difl'erent  channel.  For  the  experiments  of  Dutroehel 
upon  the  Mimosa  have  shown  it  to  be  through  the  vascular  system,  that  an 
irritation  in  one  part  is  made  to  produce  movement  in  a  distant  organ  ;  and 
there  can  be  Uttle  doubt  that  the  same  is  true  of  the  Dionsea  also.  Where 
encii  leaflet  of  the  Mimosa  is  implanted  upon  its  rib,  there  is  a  little  swell- 
ing or  intumescence;  this  is  more  evident  where  the  lateral  ribs  join  the 
central  one  j  and  it  is  of  considerable  size  at  the  base  of  live  petiole,  where 
it  is  articulated  with  the  stem.  The  experiments  which  have  been  made 
upon  its  properties,  have  been  performed,  therefore,  in  the  latter  situation; 
but  the  description  of  their  results  will  apply  equally  well  to  the  rest  The 
lotomescence  consists  of  a  succulent  tissue,  which,  on  the  upper  side» 
appears  Tery  distensible,  and  on  the  lower  very  irritable.     In  the  usual 

Eosition  of  the  leaf  or  leaflet,  the  distension  of  the  two  sides  seems  equally 
alanced ;  but  anything  which  causes  an  increase  of  fluid  on  the  upper  side, 
^  or  a  contraction  of  the  vesicles  on  the  lower,  will  obviously  give  ri.'^e  to 
flexion  of  the  stalk.  The  latter  effect  maybe  readily  produced  by  touching 
that  part  of  the  intumescence  itself;  and  then  the  leaf  or  leaflet  will  be 
depressed  by  the  contraction  of  the  part  imtnediatdy  irritated,  just  as  in 
tbfi  case  of  the  stamen  of  the  Berberry.  The  same  result  follows  the  stimti- 
lotion  of  this  part  by  an  electric  spark,  by  the  concentration  of  the  sun^s 
rays  upon  it  with  a  burnrng-glass,  or  by  chemical  agents  ;  and  if,  instead  of 
applying  a  temporary  stimulus,  whose  effect  is  speedily  recovered  from,  a 
notch  be  made  in  the  lower  side  of  the  intumescence,  the  balance  lietwcen 
its  resistance  and  the  expansive  tendency  of  the  upper  side  is  then  perma- 
nently destroyed,  and  the  stalk  remains  depressed.  Now,  supposing  the 
lower  side  to  be  in  its  usual  condition,  flexion  of  the  stalk  may  result  also 
om  whatever  dbteuds  Uie  vesicles  of  the  upper  part  of  the  intumescence : 


I 


I 

I 


and  this  is  the  mode  in  which  the  movement  is  nsuully  effecU**!,  For  a 
stimului  applied  to  any  p^^i't  of  the  leaf,  will  cause  a  contraetioti  of  iu 
vesicles  \  and  the  fluid  expelled  from  them  is  carried  by  the  circtilating  «yi- 
tern  to  the  distensible  portion  of  the  intnmeseenee  belonging  to  the  ]isiiet« 
and  to  that  of  the  petiole  itself. — It  appears,  then,  that  these  erideot 
luotions  are  readily  explicable  on  the  k  up  position  that  rontrartiUt^  h  a 
property  of  various  tissues  of  Plants,  and  that  this  may  be  excited  hy 
stimnli  of  a  physical  nature.  To  suppose  more,  would  be  uopblloaophical 
l>ecau§c  annecessary, 

625.  There  niB  other  movements,  however,  arising  from  caaecs  mhkk 
originate  in  the  system  it&elf,  of  which  &ome  notice  should  be  takeo.  Sorh 
are,  the  folding  of  the  flowers  ajid  drooping  of  the  leaves,  known  an  the 
skep  of  plnntB.  These  phenomena  seem  due  to  a  diminution  in  the  tictivity 
of  tJiuse  vital  processes,  by  which  the  turgcscence  of  the  soft  ^tarts  of  litr 
struetnre  ia  maintained ;  and  this  diminution  appears  partly  to  result  froip 
the  withdrawal  of  the  usual  etimuli,  especially  Light,  and  to  be  in  purt  <4 
a  periodiciil  character.  For  it  is  found  that  artificial  light  and  wanuth  will 
cause  many  (lowers  and  leaves  to  erect  themselves  for  a  time ;  and  tbat,  by 
proper  management,  the  usual  periods  may  he  completely  reversed.  Bat 
the  phenomenon  cannot  be  altogether  explained  on  this  principle,  mce 
there  are  many  phmti^  of  which  the  flowers  only  expand  ia  the  night,  and 
which  must  be  kept  in  darkness  to  prevent  them  from  closing  ;  and  hi  iht 
present  state  of  oar  knowledge,  we  can  only  consider  this  pcriodintf,  Ifkt 
that  periodical  cessation  or  augmentation  of  particalar  functions  which  li 
common  tcf  nearly  all  organized  beings,  aa  a  part  of  that  rcgnlar  tmhi  of 
operations,  which  is  eh nract eristic  of  each  living  beingp  and  which  proceedi 
from  the  original  endowments  of  its  organism,  called  into  exercise  by  faroci 
external  to  itself. — One  other  spontaneous  Vegetable  motion  may  be  lo» 
Staneed,  as  of  a  very  inexplicable  character  \  that  of  the  I/edi/sartim  ^^^ram$, 
a  Bengalese  plantp  each  of  whose  petioles  supports  three  leaflets,  of  whidi 
the  central  one  is  large  and  broad,  and  the  two  lateral  ones.  wh?f*li  are 
situated  opposite  to  each  other,  small  and  narrow.     The  po  *  tht 

central  leaflet  is  peculiarly  inJluenced  by  light :  for  in  the  day  lis  ;  '^  .lift 

m  usnally  horizontal;  by  the  action  of  strong  solai'  light  it  ia  mised  toradi 
the  Btalk,  whilfil  in  the  evcaiug  it  bends  downwards;  and  it  is  insnifiHilly 
depressed,  if  jjlaced  in  tije  shade  for  a  few  minates  only.  The  small  lalenl 
leaves  are  in  incessant  motion  j  they  describe  an  arch  "forwards  towoi^  the 
middle  leaflet,  and  then  another  baekwai'de  towards  the  footstalk;  and  Ihiaby 
revolving  on  their  articulation  with  the  petiole*  They  pass  over  the  spAcc 
ill  3U  or  40  seconds,  and  then  remain  quiet  for  neariy  a  nunitt^?;  the  !e«Atli 
do  not  move  together,  but  in  opposite  directions,  one  nsualiy  rit^ing  wbfli 
the  other  is  sinking;  the  inflexion  downwards  is  generally  pcrfanned OMffe 
rapidly  and  uniformly  than  that  upwards,  which  oceasiQnally  taktfl  {ilMse  tf 
starlit.  These  movements  continue  night  and  day;  being  slower^  T 
in  cold  nightSp  and  more  rapid  in  warm  and  moist  weatficr.  Theyi 
afl'eeted  by  mechanical  or  chemical  stimuli,  tliun  do  those  of  imy 
|dant ;  and  conlinne  for  a  longer  time  in  8cparatcd  parts, 

f?2(>.  One  class  of  spontaneous  Yegctabie  moveinents  haa  been  diawa  If 
Dutruehet  to  be  duo  to  an  act  of  Endosmoso  (|  169)  hi  tha  org^nB  vhkh 
execute  them.  This  is  particularly  the  case  in  v&riOQs  aeed  vcftldti  w^Mcfc 
hurst  when  ripe,  in  such  a  manner  as  to  eject  their  conteaU  with  force— ti 
in  the  instJiiieeti  of  tlie  Momordit-a  ehterinm  (common  Squtrtlng^CncfilBbtrl^ 
Uis  experiments  upon  the  cajjsule  of  the  Balaam  termed  Impaiimm 
mi'iantfcrtf  are  particularly  interesting.     The  valves  of  this  capsule. 
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the  frait  is  ripe,  suddenly  spring  from  each  other  and  curl  inwards,  scatter- 
ing the  seeds  to  some  distance.  Now  an  exarainatton  of  the  tissue  of  the 
valves  shows,  that  the  outer  part  consists  of  much  larger  vesicles  than  the 
inner;  and  that  the  fluids  contained  in  it  are  the  densest.  According  to 
the  law  of  Endosniose,  the  fluids  contained  in  the  tissue  of  the  interior  will 
have  a  tendency  to  pass  into  the  vealelcs  of  the  exterior ;  and  it  will  di!!- 
tend  thera  in  such  a  manner  as  to  produce  a  disposition  in  that  side  to 
expand,  when  permitted  to  do  so,  whilst  the  inner  side  has  an  equal  di'i^po- 
gftioii  to  contract.  This  at  last  occurs  from  the  separation  of  their  edges 
cousequent  upon  their  ripening ;  and  then  each  vahe  rolls  inwards.  If, 
however,  the  valves  be  placed  in  a  fluid  more  dense  than  that  contained  in 
the  exterior  vesicles,  such  as  syrnp,  or  gum- water,  these  will  he  emptied  on 
the  same  principle,  and  the  valves  will  become  straight,  or  even  curl  out- 
wards,— A  very  curious  movement,  which  probably  depends  upon  a  similar 
cmtise,  may  be  observed  in  a  little  Fungus,  which  is  not  uncommon  in  some 
parta  of  Britain,  named  Uarpohohts,  from  its  peculiar  manner  of  scattering 
its  fruit*  The  sporules  are  collected  into  one  mass,  and  inclosed  in  a  glo- 
bular bag,  which  is  called  a  sporanpum.  This  lies  in  a  cavity,  of  wliich 
the  inner  wall  is  capable  of  separating  itself  from  the  outer,  and  of  sud- 
denly everting  itself,  so  as  to  project  in  a  globular  form  from  the  mouth  of 
the  cavity  which  it  previously  lined.  This  sudden  ever  si  on  ejects  the  spo- 
rangium  (with  a  degree  of  violence,  which,  for  so  minute  a  plant  is  very 
remarkable),  from  the  cavity  in  which  it  was  formed;  the  mouth  of  this, 
which  was  at  first  nearly  closed,  spontaneonsly  dilating  itself  as  the  spo- 
rules are  mature.  The  eversion  of  the  membrane  is  probably  due  to  a 
change  having  taken  place  in  the  relative  distension  of  the  cells  forming  its 
inner  and  outer  layer,  which  would  operate  mtich  as  in  the  capsule  of  the 
Balsam. 

62t.  Among  the  simplest  Protozoa ^  it  seems  as  if  the  change  of  fonn  of 
the  single  cell  of  which  each  individual  is  composed,  were  the  sole  means 
of  movement  which  it  possesses  (§  139) ;  and  this  change  of  forni  appears 
often  to  be  due  rather  to  operations  taking  place  tvithm  the  eel),  than 
to  occur  in  respondence  to  mechanical  irritation  applied  to  its  exterior — 
,ft  circumstance  which  throws  some  light  upon  the  phenomena  just  now  de- 
ficribed  as  occurring  in  Plants  (§  625).  In  these  movements  it  is  imposei- 
lile  to  imagine  with  any  probability  that  consciousness  can  participate ;  nor 
can  it  be  supposed  that  a  nervous  system  can  be  their  instrument,  Kow, 
although  the  movements  of  the  Hydra  and  of  other  Zoophjnes  of  its  class, 
may  appear  to  hidieate  the  existence  of  a  self-determining  power,  yet  it  is 
very  doubtful  whclher  such  an  endowment  can  be  justly  assigned  to  these 
animals.  For  their  contractile  tissue  is  of  the  simplest  possible  character, 
resembling  that  which  is  foand  in  a  very  early  state  of  newly  forming  parts 
of  higher  Animals;  and  the  most  careful  scnitiny  has  failed  to  discover  the 
faintest  vestiges  of  a  Kervous  System  in  them,  notwithstanding  that  the 
ex:treme  transparency  of  their  bodies  tenders  them  peculiarly  favorable  sub- 
jects for  the  most  minute  examination.  And  further,  when  their  movements 
are  fairly  compared  with  thoBc  of  higher  animals,  it  becomes  obvious  that 
they  resemble  those  1  jy  whtch  food  is  immediately  introduced  into  the  stomach, 
the  teutacula  of  the  Hydra  being  homologous  with  the  oesophageal  muscles 
of  Man  ;  and  as  we  know  that  the  latter  act  without  our  will,  and  even  with- 
out our  consciousness,  it  would  be  inconsistent  with  sound  philosophy  to 
regard  them  as  dependent  upon  such  springs  of  action  in  the  Hydra,  with* 
oat  some  very  cogent  evidence  that  they  are  so. — ^ Again,  the  rhythmical 
movements  of  the  disk  of  the  Pulmogrude  Aealephaj  whereby  they  arc  pro- 
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pelled  through  the  water,  bear  a  much  closer  resemblance  to  the  rhythmical 
contractions  of  the  heart  of  higher  animals,  than  they  do  to  any  other  of 
their  actions ;  and  as  the  latter  are  performed  without  any  exercise  of  will, 
and  even  without  the  guidance  of  consciousness,  it  seems  reasonable  to  sup- 
pose that  the  former  are  so  likewise.  And  such  an  interpretation  is  con- 
firmed by  what  is  known  of  the  nervous  system  of  these  animals ;  for  its 
extent  of  diffusion  is  so  limited,  that  it  is  impossible  to  imagine  the  whole 
contractile  tissue  of  the  disk  to  be  influenced  by  it ;  and,  moreover,  por- 
tions of  the  disk  entirely  separated  from  the  rest,  and  not  containing  any 
portion  of  the  nervous  centres,  will  continue  their  alternating  contractions 
and  relaxations,  just  like  the  heart  of  a  cold-blooded  animal  taken  out  of 
its  body. — In  the  young  of  the  Compound  Ascidiaru  (§  558),  again,  we  find 
an  active  movement  of  the  embryonic  mass  through  the  water,  effected  bj 
the  lateral  undulations  of  the  tadpole-like  tail ;  and  this  at  a  time  when  that 
organ  consists  of  nothing  but  cells,  and  when  it  is  certain  that  the  forma- 
tion of  the  nervous  system  has  not  even  commenced.  Such  movements  are 
strictly  comparable,  on  the  one  hand,  with  the  rhythmical  movements  of  the 
Oscillatorioe  or  the  lledysarum  among  Plants,  and  on  the  other,  with  the 
rhythmical  contractions  of  the  heart  in  the  embryo  of  the  higher  Animals, 
when  as  yet  its  walls  consist  of  untransformed  cells  (§  255).  They  cannot 
be  attributed  to  any  external  stimulation,  and  must  be  regarded  as  a  part 
of  the  regular  series  of  vital  operations  of  the  cells  which  exhibit  them,  as 
the  ciliary  vibrations  are  of  the  ciliated  epithelium-cells,  or  as  the  acti  of 
secretion  or  reproduction  are  of  the  cells  of  glands  or  ovaries. 

628.  There  are  many  movements  in  higher  Animals,  which,  though  pe^ 
formed  by  the  instrumentality  of  the  Muscular  tissue,  are  perfectly  involon- 
tary,  tiike  place  without  exciting  any  consciousness  of  their  oceorrence,  tnd 
appear  to  be  essentially  independent  of  Nervous  agency,  although  capaUe 
of  being  affected  by  it.  All  the  actions  of  this  class  are  immediately  sob- 
servient  to  the  maintenance  of  the  Organic  functions :  thus,  we  find  the  pro- 
pulsion of  food  along  the  alimentary  canal  to  be  effected  by  the  peristaltic 
contractions,  alternating  with  relaxations,  of  its  proper  muscular  coat;  and 
the  circulation  of  the  blood  to  depend  in  great  measure  upon  the  alter- 
nating contractions  and  relaxations  of  the  muscular  walls  of  the  heart. 
Between  these  two  sets  of  actions,  however,  there  is  this  important  differ- 
ence;— that  whilst  the  former,  like  the  closure  of  the  fly-trap  of  the  Dionsa, 
or  the  bending  down  of  the  filaments  of  the  Berberry,  are  chiefly  depend- 
ent upon  the  application  of  a  stimulus,  which  calls  into  activity  the  contractile 
power  of  the  tissues — the  latter,  like  the  rhythmical  movements  of  Plants 
previously  referred  to,  take  place  without  any  external  stimulation,  the 
regular  alternation  of  contraction  and  relaxation  being  apparently  tkir 
peculiar  manifestation  of  vital  activity.  Thus,  we  find  that  the  peristahie 
movements  of  the  alimentary  canal  are  for  the  most  part  excited  by  tbe 
contact  of  solid  or  liquid  substances  with  its  lining  membrane ;  and  thit, 
when  they  are  not  otherwise  taking  place,  they  may  be  called  into  actinty 
by  a  slight  mechanical  irritation  applied  to  its  external  surface,  or,  in  t 
warm-blooded  animal  at  least,  by  the  admission  of  cold  air  into  the  abdoni- 
nal  cavity.  On  the  other  hand,  the  alternate  contractions  and  relaxations 
of  the  heart  will  continue  with  extraordinary  regularity  (in  a  cold-blooded 
animal),  after  the  organ  has  been  removed  from  the  body,  and  has  been 
completely  drained  of  its  blood  ;*  and  it  seems  impossible  to  refer  them  to 

^  It  has  been  stated  by  Dr.  Mitchell  of  Thiladelphia,  that  tho  heart  of  a  StsrgMi 
which  had  been  cut  out  and  hung  up  to  drj,  continued  its  rbythmioal  moTements  natO 
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the  agency  of  any  stinmlotioB  derived  fr^ni  an  t'xtcnial  source.  But,  on  the 
other  hand,  tlie  [leristaltic  moTements  of  tbe  alimentary  canal  may  be  often 
seen  to  take  place  withont  any  ostensible  slinatilation ;  and  the  altcniating 
movements  of  the  heart,  after  they  have  eeased,  may  often  be  re-cxeited  by 
a  slight  mechanical  irritatioD,  Hence  it  is  obvions,  that  both  kinds  of 
action  are  referable  to  the  same  endowment  j  namely,  a  motitif^  which  Is 
inherent  in  the  tissues,  and  is  a  part  of  their  vital  endowments,  and  which 
may  manifest  itself  cither  xpontaneomf^,  or  m  r€Spo7idenc€  to  a  sttmnlm: 
but  that  the  form  or  method  is  the  rule  in  the  cnsc  of  the  heart,  the  cxcep* 
tion  in  that  of  the  alimentary  canal  j  whilst  the  latter  method  is  the  rule  in 
the  case  of  the  alimentary  canal,  the  exception  in  that  of  the  heart. — The 
endowment  in  qnestion^  how^ever,  is  not  limited  in  the  higher  animals  to  the 
heart  and  alimentary  canal ;  for  it  pervades^  in  a  greater  or  less  degree^  the 
walls  of  their  bloortvessels  and  absorbents,  those  of  the  principal  gland- 
ducts,  those  of  the  urinary  bladder,  uterus,  &c.,  all  of  which  parts  are  fur- 
nished with  non-striated  muscular  fibres,  composed  of  those  elongated  con- 
tractile cells,  which  have  been  recently  shown  by  Prof.  iLolliker  to  take  a 
considerable  share  ia  the  movements  of  the  contractile  tissues  of  even  the 
highest  aninmlft,' 

629.  By  far  the  lari^er  proportion  of  the  sensible  movements  of  higher 
Animals,  how  ever,  are  called  forth  by  the  instnimentality  of  the  Nervous 
System  ;  through  which  the  contractility  of  the  Muscular  apparatus  is 
Ijroaght  into  exercise.  This  is  the  case,  not  only  with  all  those  actions 
that  arc  designated  as  voha^ar^f  being  the  result  of  an  individual  self-de- 
termining power,  but  also  with  many  that  are  as  invohintary  or  mitomaiic 
as  are  those  which  we  have  been  just  considering;  these  last  being  con* 
nected,  more  or  less  directly,  with  the  maintenance  of  the  Organic  func- 
tions, or»  in  some  mode  or  other,  with  the  conservation  of  the  bodily  fabric, 
We  shall  find  that  these  are  performed  with  no  more  dependence  on  con- 
sciousness, than  the  rhythmical  contractions  of  the  heart,  or  the  peristaltic 
movements  of  the  alimentary  canal ;  and  that  the  nervous  system  is  made 
to  participate  in  them  simply  as  a  vonductor  of  stimuli,  from  the  parts 
which  receive  the  impressions,  to  those  which  are  to  respond  to  them  by 
contraction ;  the  conditions  of  Animal  existence  requiring  that  this  con- 
duction shall  be  performed  with  greater  rapidity  and  energy,  than  we  see 
to  take  jdace  in  the  parallel  cases  that  present  themselves  among  Plants 
(§  624).— It  is  very  interesting,  however,  to  observe,  that  the  form  of 
Muscular  tissue  which  most  readily  obeys  the  stimulus  of  innervation,  and 
which  is  the  instrument  of  the  most  purely  Animal  funetions,  is  that  which 
most  perfectly  exhibits  that  ceUniar  type  of  structure,  which  seems  common  to 
all  the  parts  most  actively  engaged  in  the  vital  operations ;  and  that  the  act  of 
muscular  contraction  in  the  highest  Animal  is  due  to  the  same  kind  of  change 
ill  the  form  of  the  cells  of  the  uHimate  fibrillae,  as  that  which  produces  the 
sensible  motions  of  Plants.  (See  Geneeal  Physiolooy.)  The  only  essen- 
IibI  difference,  then,  between  the  contractile  tissues  of  Plants  and  those  of 
the  higher  Animals,  consists  in  this :  that  the  latter  are  capable  of  being 
called  into  activity  by  n  kind  of  stimulus — the  Kervc  force — which  does  not 
operate  in  the  former.  But  this  speciality  of  endowment  does  not  super- 
sede the  more  general  Busceptibility  which  exists  among  the  inferior  grades; 
for  we  fiml  that  the  '*  striated  raascular  fibre/'  although  called  into  action 


ItM  tiasiKvs  ha^  \mi  to  muob  of  tbcir  fluids  that  A  crackUag  iaaad  was  heard  witli  efteK 
ConirAction^ 

"  See  *'SiebtjUt  nad  KoUiker's  ^dtaclirift,"  baud  i.,  1840. 
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more  readily  and  powerfully  by  the  stimulus  of  Innervation  than  by  any 
other,  is  yet  induced  to  change  its  state,  like  the  contractile  tissues  of 
Plants,  by  electrical,  chemical,  or  mechanical  irritation  ;  whilst  the  "  non- 
striated  fibre"  responds  so  much  more  readily  to  this  kind  of  irritation,  than 
it  does  to  the  stimulus  of  Innervation,  that  it  is  even  difficult  to  demonstrate 
the  action  of  the  latter  upon  it. — To  enter  into  any  detail  as  to  the  various 
mechanical  adaptations,  by  which  the  force  generated  by  Mnscular  con- 
traction is  applied  to  the  production  of  the  movements  which  are  character- 
istic of  the  different  tribes  of  Animals,  would  carry  ns  far  beyond  the  lunits 
of  the  present  Treatise. 


CHAPTER   XIII. 

OP  THE  PUNCTIONS  OP  THE  NERVOUS  SYSTEM. 

1.  General  Considerations. 

630.  We  have  now  completed  our  survey  of  the  entire  series  of  those 
operations,  which  are  common  to  the  Vegetable  and  Anin^al  kingdoms; 
and  it  only  remains  for  us  to  consider  those  which  are  peculiar  to  the  l&tter. 
Such  are  the  various  actions  of  the  Nervous  System — ah  apparatus  to 
which  we  find  nothing  in  the  least  analogous  among  Plants  ;  and  the  pos- 
session of  which,  therefore,  must  be  considered  as  the  pecnliar  and  charac- 
teristic endowment  of  the  Animal.  Still,  as  already  pointed  out  on  several 
occasions,  we  cannot  justly  regard  it  as  universally  present  thronghoot 
those  classes,  which  possess  on  other  grounds  a  title  to  be  ranked  in  the 
Animal  kingdom ;  for  there  are  many  such  beings,  in  which  we  seem  en- 
titled to  aflirni  that  it  is  absent ;  and  there  are  many  others,  in  which, 
if  present  at  all,  it  exists  in  a  condition  quite  rudimentary,  and  can  take 
little  share  in  the  actions  of  the  organism.  But  the  life  of  all  such  beings 
is  chiefly  vegetative  in  its  nature ;  their  movements  are  not  dissimilar  in 
kind  to  those  which  we  see  in  Plants ;  and  their  title  to  a  place  in  the 
Animal  kingdom  chiefly  rests  upon  the  nature  of  their  food,  the  mode  in 
which  they  a})propriate  it,  and  their  resemblance  to  the  embryonic  condi- 
tions of  beings  undoubtedly  belonging  to  that  group.  In  proportion, 
however,  as  we  ascend  the  Animal  series,  do  we  find  the  Nervous  System 
presenting  more  and  more  of  structural  complication,  and  obviously  acquir- 
ing more  and  more  of  functional  importance ;  so  that  in  Vertebrated  ani- 
mals, and  more  especially  in  Man,  it  obviously  becomes  that  part  of  the 
organism,  to  whose  welfare  everything  else  is  rendered  subordinate.  And 
we  observe  that  this  is  the  case,  not  merely  in  virtue  of  its  direct  instrn- 
mentality  as  the  organ  of  Mind ;  but  also  as  the  medium  through  which 
the  conditions  are  provided,  for  carrying  on  many  of  the  Organic  functions, 
which  we  find  to  be  brought  into  more  and  more  intimate  dependence  upon 
it,  in  proportion  as  we  rise  in  the  scale.  Thus,  the  Ingestion  of  food,  and 
the  Aeration  of  the  circulating  fluid,  which  are  provided  for  in  many  of  the 
lower  tribes  of  animals  by  ciliary  action  (in  which  Nervous  agency  has  no 
participation  whatever),  are  made  to  depend  in  the  higher  upon  the  Nervo- 
muscular  apparatus,  which,  without  interfering  with  those  organic  processes 
that  take  place  (so  to  speak)  in  the  penetralia  of  the  system,  guards  the 
portals  of  entrance  and  exit.     But  we  find  that,  when  thus  brought  into 
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intimate  relation  with  the  Organic  functions,  tlic  Xenons  system  is  em- 
ployed In  its  verj  simplest  mode  of  operation — that  which  does  not  involve 
iDtelligence,  Will  or  even  Instinct  (in  the  proper  sense  of  that  term),  but 
whiuli  may  take  place  independently  of  all  Consciousness,  by  the  simple 
reflexion  of  an  impression,  conveyed  to  a  ganglionic  centre  by  one  set  of 
fibres  proceeding  towards  it  from  the  periphery,  along  another  set  wliich 
passes /rom  it  to  ttte  muscles,  and  calls  them  into  operation.  This  lowest 
kind  of  *'  reflex"  iction,  therefore,  by  which  **  automatic"  movement  is  ex- 
cited without  the  necessary  participation  even  of  consciousness,  is  the  sim- 
plest applicatioE  of  the  Nervous  System  in  the  A«lmal  body.  We  shall 
presently  see  reason  to  believe,  llmt  a  very  large  proportion  of  the  move- 
ments of  many  of  the  lower  animals  are  of  this  character ;  and  that  they  arc 
not  necessarily  accompanied  by  sensation,  although  tliis  may  usually  be 
aroused  by  the  same  cause  which  prodacea  them.  As  we  rise,  however,  iu 
the  scale  of  Animal  existence,  we  find  the  movements  of  this  class  forming 
a  smaller  and  smaller  proportion  of  the  w^hole  ;  until,  in  Man,  they  consti- 
tute so  limited  a  part  of  that  entire  series  of  operations  of  which  the 
Nervous  system  is  the  instrument,  that  their  very  existence  has  been 
overlooked. 

631.  But  the  main  purpose  of  the  Nervous  System  is  to  serve  as  the 
instrument  of  those  Ps^eMeal^  powers,  which  are  altogether  peculiar  to 
the  animal  Now  when  we  attempt  to  analyze  these  attributes,  we  may 
resolve  them,  like  the  properties  of  the  material  body,  into  different  groups. 
We  find  that  the  Jint  excitement  of  all  mental  changes,  whether  these 
involve  the  action  of  the  feelings  or  of  the  reason,  depends  upon  £ema- 
iiom;  which  are  produced  by  impressions  made  upon  the  nerves  of  certain 
parts  of  t!ic  body,  and  conveyed  by  these  to  a  particular  gnuglionic  centre, 
which  is  termed  the  sensorium,  being  the  part  in  which  Sensation,  or  the 
capability  \}f  feelinf^  external  impressions,  especially  resides.  Now  there 
are  numerous  actions,  especially  among  the  lower  Animals,  which  seem  to 
require  sensation  for  their  excitement,  and  which  are  yet  as  far  removed 
from  the  influence  of  the  Will,  as  little  directed  by  Intelligence,  and  hence 
as  truly  "  automatic''  in  their  nature,  as  the  *' reflex*^  movements  already 
noticed  ;  these  must  be  attributed  to  a  **  reflex"  action  on  the  part  of  the 
Sensorial  centres.  The  movement  seems,  in  some  instances,  to  be  as 
immediately  consequent  upon  the  production  of  the  sensation,  as  is  the  act 
of  sneezing,  or  the  sudden  start  produced  by  a  loud  and  unexpected  sound, 
in  ourselves.  But  in  other  instances  it  appears  rather  to  proceed  from  a 
psycliical  impult^c  excited  by  the  sensation ;  which  without  any  calcnlatioa 
of  consequences,  any  intentional  adaptation  of  means  to  ends,  any  exertion 
of  the  reason,  or  any  employment  of  a  discriminating  Will,  may  produce  an 
action,  or  train  of  actions,  no  less  directly  and  obviously  adapted  to  the 
welMjeing  of  the  individual,  than  are  those  whose  mechanism  has  been 
already  described.  It  is  impossible  to  say,  in  regard  to  many  of  the 
actions  of  the  lower  animals,  to  what  extent  they  involve  feelings  or  emo- 
tions at  all  analogous  to  those  which  ice  experience :  and  it  woultl  seem 
better  to  apply  the  generic  term  Commsual  to  thoge,  in  which  the  Sensa* 
tion  excites  the  motor  action,  either  immediately,  or  through  the  agency 
of  an  indiscrirainating  impulse  excited  by  the  sensation.  This  class  will 
include  all  the  purely  '*instinetive^^  actions  of  the  lower  Animals ;  which 
mBke  up,  with  those  of  the  preceding  group,  the  whole  of  the  Animal  func- 


^  Thh  term  la  u^ed  to  (lcsigtiat<^  the  setisorial  and  mcatftl  endawments  of  Amronia,  in 
the  most  eomprehensive  ncceptftiton  ot  iliost  terms. 
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tions  in  many  tribes,  and  which  are  peculiarly  elaborate  in  their  character, 
and  wonderful  in  their  results,  in  the  class  of  Insects.  It  is  obvious  that 
such  actions,  not  being  the  result  of  any  intelligent  choice  or  YoluntaTj 
direction  on  the  part  of  the  animals  which  perform  them,  are  not  less  tmly 
** automatic"  than  those  l>elonging  to  the  first-named  group;  the  only 
essential  difference  being,  that  the  latter  are  performed  without  any  neces- 
sary ])iirticipation  of  sensation,  the  excitement  of  which  appears  to  be 
essential  to  the  performance  of  the  latter. — The  Automatic  moTements  are 
found  to  be  gradually  subordinated  to  the  Intelligence  and  Will,  as  we  rise 
towards  Man,  in  whom  those  faculties  are  most  strongly  dcTcloped;  their 
purpose  being  limited  to  the  maintenance  of  the  Organic  functions,  in  snb- 
servience  to  the  more  elevated  purposes  of  his  existence. 

032.  Sensations,  however,  do  not  always  thus  immediately  give  rise  to 
muscular  movements ;  their  operation  among  higher  Animals,  being  rather 
that  of  stimulating  to  action  the  Intellectual  powers.  There  can  be  littk 
doubt  that  all  Mental  processes  are  dependent,  in  the  first  instance,  upon 
Sensations ;  which  serve  to  the  Mind  the  same  kind  of  purpose  that  food 
and  air  fulfil  in  the  economy  of  the  body.  If  we  could  ima^ne  a  being  to 
come  into  the  world  with  its  mental  faculties  fully  prepared  for  action,  bat 
destitute  of  any  power  of  receiving  sensations,  these  faculties  would  never 
be  aroused  from  the  condition  in  which  they  are  in  profound  sleep ;  and 
such  a  being  must  remain  in  a  state  of  complete  unconsciousness,  because 
there  is  nothing  which  it  can  be  made  to  feel,  no  kind  of  idea  which  can  be 
aroused  within  it.  But  after  the  mind  has  once  been  in  active  operation, 
the  destruction  of  all/w/i/r^  power  of  receiving  sensations  would  not  rednee 
it  atrain  to  this  inactive  condition ;  for  sensations  and  ideas  are  so  stored 
up  in  the  mind,  by  the  power  of  Memory,  that  it  can  feed  (as  it  were)  upon 
the  past, — Now  the  ideas  which  are  excited  by  sensations,  if  associated 
with  i»leasural)le  or  painful  feelings,  constitute  those  Emotions,  or  "  mot- 
ing  i)owers  of  the  mind,"  which  are,  either  directly  or  indirectly,  the 
springs  of  the  greater  part  of  our  actions.  When  strongly  excited,  the 
emotions  may  produce  movements  which  are  purely  "automatic,"  and 
which  the  Will  may  not  be  able  to  restrain ;  but  in  their  normal  exercise, 
they  act  in  subordination  to  the  llcasoning  processes,  and  their  oi>eratioD 
upon  the  movements  of  the  body  is  determined  by  the  latter.  The  reason- 
ing processes  themselves  may  act  not  less  ^^automatically,"  one  idea  sug- 
gesting another,  and  this  again  calling  forth  another,  in  long  succession, 
without  liny  direction  or  control  from  the  Will ;  and  any  idea  thus  excite«i 
with  sufficient  force,  may  express  itself  in  bodily  movement,  if  not  pre- 
vented l)y  the  Will. — It  is  the  peculiar  character  of  a  Volitional  action,  on 
the  other  hand,  not  only  that  it  is  the  result  of  the  exercise  of  the  Reasoo- 
iiig  powers,  but  that  it  is  the  expression  of  a  definite  purpose,  of  a  dengmd 
adaptation  of  means  to  ends,  on  the  part  of  the  individual  performing  it ; 
instead  of  proceeding  from  a  mere  blind  indiscriminating  impulse,  such  at 
that  which  is  the  mainspring  of  the  instinctive  and  emotional  actions,  or 
being  merely  the  result  of  a  *'  dominant  idea,"  which  seems  to  be  the  case 
with  the  actions  of  many  of  the  lower  Animals. 

633.  Thus,  then,  we  have  to  consider  the  Nervous  system  under  three 
heads  ;—;/irs^,  as  the  instrument  of  Reflex  actions  not  involving  sensation: 
— second,  as  the  instrument  of  Consensual  and  Instinctive  actions ; — ikiri, 
as  the  instrument  of  Mental  processes,  and  of  Voluntary  movements. 
Now  there  is  good  reason  to  believe,  that  to  each  of  these  groups  of 
actions  a  particular  portion  of  the  Nervous  Centres,  with  its  afferent  and 
efferent  nerves  may  be  assigned ;  one  ganglion,  or  series  of  ganglia,  bebg 
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limited  In  its  function  to  the  reception  of  simple  im^jreisiomf  and  to  the 
origi nation  of  refi^x  movements  consequent  thereon  ;  whilst  another  gan- 
glion, or  series  of  ganglia,  is  set  apart  for  the  reception  of  impressions  of 
irhieh  the  mind  becomes  conscious  as  sensatiomf  and  for  the  origination  of 
the  comemuai  moTements  which  these  excite ;  whilst  a  third,  which  is 
superadded  to  the  foregoing  in  Yertehrated  animala,  receiving  from  the 
proper  sensor ium  the  sensations  which  have  been  there  called  up,  is  the 
instrument  through  which  these  sensationg  call  ideas  a»d  ^mottoiial  feeUngs 
into  existence,  l*y  which  these  are  employed  in  the  various  processes  of 
hiidhviion,  and  by  which  the  poltiutar^  determination  u  brought  to  bear 
upon  the  muscles.  But  we  shall  find  reason  to  believe,  that,  jnst  as  this 
Cerebral  iraiiglion  is  called  into  action  through  the  sensory  portion  of  the 
apparatus  to  which  it  is  added,  so  does  it  react  tlirough  the  motor  poHion 
firthe  same  appuraUis ;  ujid  that  it  has  no  more  direct  connection  with  the 
muscular  system,  than  it  has  with  the  organs  of  sense. 

634.  What  has  been  hitherto  said,  refers  exclusively  to  that  division  of 
tbe  Nervous  system  which  is  concerned  in  the  reception  of  impressions, 
the  production  of  sensations,  and  the  stimulation  of  muscles  to  contraction  \ 
and  as  these  are  all  purely  animal  functions,  it  has  been  called  the  nenfous 
system  of  ammnl  life.  There  h  another  set  of  ganglia  and  Eervcs,  how- 
ever, which  constitutes  what  is  termed  the  Si^mpat/ietic  or  visceral  system  j 
i\m  is  di?!trihuted  to  tlie  various  parts  of  the  nutritive  and  secretory  appa- 
ratus, its  fibres  fomiiug  a  plexus  upon  the  walls  of  the  bloodvessels,  and 
being  distributed  with  them  to  all  parts  of  the  bodyj  and  hence  it  has  been 
^designated  the  nertons  system  of  organic  life.  Wc  have  seen  reason  to 
Ijelieve,  however,  that  the  functions  of  Nutrition  and  Secretion  are  not 
themselves  dependent  upon  nervous  agency  (§  07 };  and  the  relation  of  the 
Sympathetic  system  to  them,  therefore,  can  scarcely  be  so  intimate  as  that 
designation  would  seem  to  imply.  Probably  it  is  the  vehicle  for  the  invo- 
lontary  action  of  the  emotions  upon  those  functions  j  and  it  may  perhaps 
serve  also  to  harmonize  them  with  each  other  {§  98). — We  shall  now  take 
a  brief  survey  of  the  comparative  structure  of  the  Nervous  system  in  the 
principal  groups  of  Animala^  and  inquire  what  actions  may  be  justly  attri- 
buted to  it<i several  parts  in  each  instnnce;  commencing  with  those  in  which 
the  structure  is  the  simplest,  and  the  variety  of  actions  the  smalleKt;  and 
passing  on  gradually  to  those  in  which  the  structure  is  increased  iti  com- 
plexify by  the  addition  of  new  and  distinct  parts,  and  in  which  the  actions 
pr^^tent  a  corresponding  variety. 


2*   Comparative  View  of  the  Structure  and  Actiom  of  the  Nervous  System, 
in  the  principal  groups  of  the  Animal  Kinf^dom, 

G35.  Ill  the  beings  which  have  been  associated  under  the  designation  of 
Protozoa,  no  definite  traces  of  a  Nervous  System  can  be  discovered;  and  it 
IS  maintained  by  many  Physiologists,  that,  in  these  Animals,  the  nervous 
matter  is  present  in  a  '*  diffused  form-' — that  is  to  say,  incorporated  with 
the  tissues  ;  but  it  would  be  difficult  to  assign  a  valid  reason  for  a  suppo- 
sition so  gratuitous.  An  arrangement  of  this  kind  cannot  be  required  to 
confer  oa  the  individual  parts  of  the  organism  their  vital  properties  ;  s^ince 
these  exist,  to  as  great  an  extent,  in  beings  which  are  allowed  to  be  entirely 
destitute  of  it,  namely,  the  entire  Vegetable  kingdom.  The  simj^lest  office 
of  a  nervous  system  is,  as  we  have  seen  (§6B0),  to  establish  a  commuuica* 
tion  between  parts  specially  modified  to  receive  impressions,  and  others 
particiilarly  adapted  to  respond  to  them.    Where  every  portion  of  the  body 
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has  similar  cudowmcnts,  there  can  be  no  object  in  such  a  commanieation ; 
just  as,  where  every  part  of  the  surface  is  equally  capable  of  Absoq)tioD, 
and  every  part  of  the  tissue  equally  permeated  by  nutrient  fluid,  there  is  no 
necessity  for  a  Circulating  system.     A  nervous  system  would  seem  to  be 
required  only  in  a  being  possessed  of  a  number  of  distinct  organs,  whose 
actions  are  of  such  a  character  that  they  cannot  be  brought  into  mutual 
relation,  without  a  more  immediate  and  direct  communication  than  that 
afforded  by  the  circulating  system,  which,  as  we  have  seen,  is  the  only  bond 
of  union  possessed  by  Plants  between  distant  parts.     lu  the  lowest  and 
simplest  Animals,  whatever  degree  of  contractility  exists,  appears  to  be 
almost  equally  diflfused  through  the  system ;  and  ive  neither  find  any  spe- 
cial sensory  organs,  adapting  one  part  more  than  another  to  the  reception 
of  impressions,  nor  do  we  observe  any  portion  of  the  structure  peculiarlj 
endowed  with  the  power  of  motion ;  neither  can  we  discover  anything  like 
a  nervous  system  fitted  to  receive  such  impressions,  and  to  excite  respond- 
ence  to  them  in  distant  parts.     To  use  the  forcible  expression  of  Sir  Gil- 
bert Blane :  "  Mr.  Hunter,  by  a  happy  turn  of  expression,  calls  the  function 
of  the  nervous  system  intemuncial.     It  is  evident  that  some  such  principle 
must  exist  in  the  complicated  system  of  the  superior  Animals,  in  order  to 
establish  that  connection  which  constitutes  each  individual   a  whole." 
But  where  all  the  parts  act  hy  and  for  themselves,  there  is  no  necessity  for 
such  an  internuncial  communication;  and  consequently,   although,  when 
united,  their  functions  all  tend  towards  the  maintenance  of  the  system  to 
which  they  belong,  they  are  capable  of  being  separated  from  it  and  from 
each   other,  without  these  functions  being  necessarily  abolished.     The 
motions  exhibited  by  Animals  of  these  lowest  classes,  would  seem  to  be 
scarcely  less  directly  dependent  upon  external  stimuli,  than  are  those  of 
Plants ;  being,  in  fact,  the  result  of  the  general  diffusion  of  that  exalted 
degree  of  irritability,  which  is  restricted  in  most  plants  to  particular  parts 
of  the  structure  (§  624).     Of  the  degree  of  sensibility  which  they  mat 
enjoy,  we  have  no  adequate  means  of  forming  a  judgment ;  but  if  they  do 
possess  any  consciousness  of  external  impressions,  it  is  probablv  diffused 
through  the  whole  structure  alike.     And  thus  the  endowments  which  we 
find  to  be  restricted  among  the  higher  Animals,  by  the  differentiation  of 
their  organization,  to  special  kinds  of  tissue,  and  which  are  only  fully  mani- 
fested by  the  instrumentality  of  these,  may  be  conceived  to  belong  in  a  more 
generalized  form  to  the  entire  fabrics  of  the  lower.     (See  General  Phy- 
siology.) 

036.  Xo  valid  ground  can  be  shown  for  assigning  any  higher  characttr 
to  the  movements  of  Zoophytes^  such  as  the  Hydra  or  Actinia,  and  their 
composite  allies ;  since  all  those  actions  which  are  concerned  in  the  prehen- 
sion and  ingestion  of  food,  are,  as  already  remarked,  really  anologoo^ 
ratlier  to  the  peristaltic  movements  of  the  oesophageal  muscles  and  stomach 
of  higher  animals,  than  to  the  motions  of  their  limbs ;  and  the  few  which 
tliey  exhibit,  that  arc  not  referable  to  this  category,  appear  to  be  the  result 
of  the  direct  stimulation  of  light  or  other  physical  agencies,  which  may 
operate  by  producing  organic  changes  in  their  tissues,  as  in  those  of  Plants. 
At  any  rate,  it  may  safely  be  afifirmed  that  if  these  Zoophytes  do  possess 
any  rudiment  of  a  Ner\'ous  System,  and  if  any  of  their  actions  are  to  he 
attributed  to  its  instrumentality,  its  participation  in  the  general  course  of 
their  vital  actions  must  be  very  trifling.  We  have  at  present,  it  must  he 
acknowledged,  no  certain  means  of  appreciating  the  degree  of  seosibilitt 
possessed  by  these  lowest  members  of  the  Animal  kingdom.  The  motioi^ 
which  follow  the  impressions  of  external  agents,  are  our  only  means  of 
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judging  of  if 9  possession  by  a  jmrticular  being;  and  in  the  Interpretation 
ot  these  pbeiiomena,  the  greatest  care  is  requisite  to  avoid  being  misled  bv 
false  annlogics.  Much  error  has  probably  arisen,  from  comparing  the 
nianifeHtatious  of  life  exbihited  by  ereatures  of  this  doubtful  character,  with 
those  of  the  highest  Animals ;  and  thenec  infernng'  that,  becanse  motions 
are  witnessed  in  the  former  wliieh  boar  some  analogy  to  those  of  the  latter, 
they  must  be  equally  dependent  on  a  aeryons  system.  But,  when  it  is  con- 
sidered how  eompletely  vegetative  is  tho  life  of  snch  beings,  and  how 
closely  all  their  motions  are  connected  with  the  perfonnance  of  their  organic 
functions,  it  would  seem  obvious  that  the  general  comparison  should  be 
made  with  Plants,  rather  than  with  Amroals;  and  that  we  should  seek  tho 
as-=^istance  of  prineiplea  of  a  higher  character,  only  when  those  we  already 
possess  are  insnffieient  to  explain  the  phenomena. 

637,  It  is  in  the  higher  ^adiata,  that  wc  find  the  first  definite  indlcaticns 
of  the  existence  of  a  connected  Nervous  fivstem.  It  is  probable  that  such 
exists  in  all  the  Arnhphis,  although  the  softness  of  their  tissues^  readers  it 
tliffieult  of  detection.  According  to  Elirenborg,  two  nervous  circles  may 
be  detected  in  the  Mtdum  ;  one  running  along  the  margin  of  the  mantle^ 
and  furnished  with  eight  ganglia,  from  which  filaments  proceed  to  the  eight 
red  Bpots  which  he  supposes  to  be  eyes;  whilst  the  other  is  disposed  around 
the  entrance  to  the  stomach,  and  is  furnished  with  four  ganglia,  from  which 
fikments  proceed  to  the  tentacnla,  A  nervous  ring  has  also  been  detected 
by  Prof.  Agassiz  in  Sania,  one  of  the  "  naked-eyed'^  Pulmogrades ;  and 
he  states  that  it  is  entirely  composed  of  ganglionic  cells.*  In  Btroe,  it  is 
affirmed  by  Dr,  Grant  that  a  nervous  ring  exists  round  the  month,  furniBhed 
with  eight  ganglia,  from  each  of  which  a  filament  passes  towards  the  other 
extremity  of  the  body,  while  others  are  sent  to  the  Hps  and  tentacula. — In 
the  Echvnodermata ^  however,  its  manifestations  are  much  less  equivocal. 
In  the  Asttriai,  for  instance,  a  ring  of  nervous  matter  surronnds  the  mouth, 
and  sends  three  filaments  to  each  of  the  ray^  |  of  these,  one  seems  to  tra- 
verse its  length,  while  the  two  others  are  distributed  on  the  ccecal  prolonga- 
tions of  the  stomach.  Tn  the  species  exandned  and  figured  hy  Tiedcmann, 
no  ganglionie  enlargements  of  this  ring  appear  to  exist,  and  it  seems  not 
improbable  that,  as  in  the  Medusa?,  the  entire  ring  is  composed  of  vesicular 
nervous  matter  ;  but  this  element  is  usually  collected  into  distinct  ganglia, 
which  are  found  at  tliose  points  of  the  ring  whence  the  branches  diverge, 
the  number  of  the  ganglia  being  always  equal  to  that  of  the  rayst.  In  those 
species  which  possess  ocelli  at  the  extremities  of  the  rays,  thenervous  cord 
proceeding  towards  each,  swells  into  a  minute  ganglion  in  its  neighborhood, 
— In  the  JSMnm,  the  arrangement  of  the  nervous  system  follows  the  same 
general  plan ;  the  filaments  which  diverge  from  the  oral  ring  being  distri- 
buted (in  the  absence  of  rays)  to  the  complicated  dental  apparatus,  whilst 
others  pass  along  the  course  of  the  vessels  to  the  digestive  organs.  The 
transitioa  between  the  Kadiata  and  Articulata,  presented  by  the  Nolothuna 
and  Siptinruiuf,  is  pecnlijiHy  well  marked  in  the  nenroui 'system  of  these 
tintinjil*^ ;  for  the  ring  which  encircles  the  month  is  here  comparatively  small, 
but  a  single  or  double  non-gangliated  filament  traverses  the  length  of  their 

*  **  Cimtribnticms  to  the  Kfttur*!  Hiatory  of  tbe  Ac&leptifie  of  Korlh  Aiocrlcf»,"  Pirt 
L,  p.  2^2. ^^It  i^  considerad  bj  I^of.  Agassbs  tb»t  the  moTontenta  of  tbcs«  Aeskphis 
iiw?  *■  volmitarj,"  and  exhibit  •*  n  purpose ;"  but  bis  itfltemeata  on  this  subject  exhibit 
fi  vcrj  slriiQge  coafusloa  of  ideiisj  liutl  the  AuUior  is  asaored  by  Mr.  Hmlej  llmt  li« 
1104  never  seea  the  slightest  (jviikncc  of  nay tbing  bejoad  '*  automatic*'  nclton  la  thc*« 
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prolonged  bodies,  running  near  the  abdominal  sarface  (which  is  their  sitna- 
tion  in  the  Articulated  classes)  and  giving  off  transverse  branches. 

638.  When  we  compare  the  character  of  the  nervous  system  of  these 
Radiated  classes,  with  that  of  higher  Animals  of  more  heterogeneous 
structure,  we  find  that  every  segment  of  the  body  which  is  similar  to  the 
rest,  is  connected  with  a  ganglionic  centre,  that  seems  to  be  subservient  to 
the  functions  of  its  own  division  alone,  and  to  have  little  communication 
with,  or  dependence  upon,  the  remainder ;  these  centres  being  all  apparently 
similar  to  each  other  in  their  endowments.  This  is  the  ease,  indeed,  not 
merely  with  the  tribes  we  are  now  considering,  but  with  the  lower  Arti- 
culata;  the  chief  difference  being,  that  the  individual  portions  are  here 
disposed  in  a  radiate  manner  round  a  common  centre,  whilst  in  the  latter 
they  are  longitudinally  arranged.  But  when  the  different  organs  are  so 
far  specialized  as  to  be  confined  to  distinct  portions  of  the  system,  and  etch 
part  consequently  becomes  possessed  of  a  different  structure,  and  is  appro- 
priated to  a  separate  function,  this  repetition  of  parts  in  the  nervous  system 
no  longer  exists;  its  individual  portions  assume  special  and  distinct  offices; 
and  they  are  brought  into  much  closer  relation  to  one  another,  by  means  of 
the  commissures  or  connecting  fibres,  which  form  a  large  part  of  the  nervous 
masses  in  the  higher  Animals.  It  is  evident  that,  between  the  most  simple 
and  the  most  complex  forms  of  this  system,  there  must  be  a  number  of 
intermediate  gradations — each  of  them  having  a  relation  with  the  general 
form  of  the  body,  its  structure  and  economy,  and  the  specialization  of  its 
distinct  functions.  This  will  be  found,  on  careful  examination,  to  be  strictly 
the  case ;  and  yet,  with  a  diversity  of  its  parts,  as  great  as  exists  in  the 
conformation  of  any  other  organs,  its  essential  character  will  be  found  to  be 
the  same  throughout. 

639.  Among  the  Molluscous  classes,  there  is  no  radiate  or  longitudinil 
multiplication  of  parts,  the  only  repetition  being  on  the  two  sides  of  the 
median  plane.  It  is  chiefly  in  the  organs  of  animal  life,  that  this  bilat^ 
symmetry  is  observable,  the  symmetry  of  their  nutritive  apparatus  being 
obscured  by  the  unequal  development  of  its  different  parts  (§  41)  ;  and  the 
predominance  of  the  latter  in  their  organization  impresses  itself  (so  to  speak) 
upon  their  Nervous  System,  which  is  not  formed  until  a  late  period  of 
development  (§  565),  and  which  shows  a  want  of  constancy  in  the  relative 
position  of  its  centres,  that  is  in  striking  contrast  with  the  uniformitv  of 
plan  which  is  so  obvious  in  the  nervous  systems  of  Articulata  and  Ve^t^ 
bratu.  Of  these  centres,  there  arc  typically  three  pairs:  1.  The  CtphaUe 
ganglia,  which  lie  either  at  the  sides  of  the  asophagus,  or  above  it,  and 
may  be  either  disjoined,  although  connected  by  a  commissure,  or  fused  into 
one  mass  which  is  usually  bilobed ;  this  gives  off  nerves  to  the  labial  and 
olfactory  tentacula,  to  the  eyes,  and  to  the  muscular  apparatus  of  the  mootb; 
and  npon  either  of  these  nerves,  accessory  ganglia  may  be  developed.  1 
The  Pedal  ganglia,  which  arc  commonly  fused  into  one  mass  which  is  situ- 
ated below  the  oesophagus,  and  are  connected  with  the  cephalic  ganglia  bj 
a  commissural  band  on  each  side,  forming  a  ring  which  encircles  that  canal'; 
though,  in  the  Nudihranchiata  and  some  other  Gasteropods,  the  pedal 
ganglion  of  each  side  is  fused  into  one  mass  with  the  corresponding  cephaHe 
ganglion  :  from  the  pedal  ganglion  are  given  off  nerves  to  the  foot,  and 
also  to  the  organs  of  hearing  when  these  are  not  actually  lodged  in  them, 
as  frequently  happens.  3.  The  Parieto-splanchnic  ganglia,  which  are  nsn- 
ally  found  in  the  posterior  part  of  the  body,  and  are  connected  bv  commis- 
sural bands  both  with  the  cephalic  and  with  the  pedal  ganglia  •  these  giw 
off  nerves  to  the  muscular  and  sensitive  parietes  of  the  body,  to  the  shell- 
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muscle  or  muscles,  to  the  branchial  apparatus,  and  to  the  heart  and  large 
vessels.  The  function  of  these  m  divided,  in  the  higher  MollQsca,  between 
two  or  more  pairi  of  ganglia ;  and  the  proper  visceral  or  sympathetic  sya- 
tem  becomes  more  distinct  from  it.* 

640.  No  such  differentiation  of  function  presents  itself,  however,  among 
the  lowest  MoUusea,  namely,  the  Brifozoa  and  Tunicata.  In  many  of  the 
former  group,  but  most  distinctly  in  the  fresh- water  species,  a  Rmall  body 
maybe  seen  at  the  base  of  the  tentacular  circle  (Fig.  40^  A,  «),  between  the 
oral  and  anal  orifices  j  which,  from  its  appearance,  and  its  correspondence 
In  position  with  the  undonbted  ganglion  of  the  Tnnicata,  may  be  regarded 
almost  with  certuinty  aa  a  nervous  centre.  No  branches,  however,  have 
been  seen  to  proceed  from  it,  either  to  the  tentocula  or  to  tlie  muscles ;  bat 
the  activity  of  the  movements  of  ttiese  animals,  with  the  perfection  of  their 
mascnlar  structure  (the  fibres  being  striated  in  many  species),  would  i^eera 
14}  indicate  that  nervous  instrtimentality  is  concerned  in  them. — In  the  Tu- 
nicata  there  is  no  difRculty  in  discovering  the  nervous  ganglion,  which  is 
always  situated  between  the  oral  and  anal  orifices  (Fig*  121,/),  being  some 
times  single,  and  sometimes  bilobed  or  even  double  j  this  ganglion  iB  con- 
nected by  branches  with  the  sensory  ten  taenia  which  guard  the  oral  orifice, 
and  branches  extend  from  it;  also  over  the  mnscular  coat  of  the  brnncldal 
gae,  filaments  being  specially  transmitted  to  the  oral  and  anal  sphinctLTs, — 
No  beings  possessed  of  a  complex  internal  structure,  a  distinct  stomach  and 
otimentary  tube,  a  pulsating  heart  and  ramifying  vascular  apparatus^  with 
branchia]  appendages  for  aerating  the  bloody  and  highly  developed  secretory 
and  rcproduetire  organs,  can  be  imagined  to  spend  the  [lerlod  of  their  exist- 
ence in  a  mode  more  completely  vegetative  than  these.  The  continuous 
and  equable  enrrent  of  water  which  enters  the  cavity  of  the  mantle,  and 
which  serves  at  the  same  time  to  convey  food  to  the  stomach  and  to  aerate 
the  blood,  is  maintained,  without  any  nervous  agency,  by  the  vihration^  of 
the  cilia  with  which  the  walls  of  the  cavity  are  clothed;  and  it  is  only  when 
substances  come  in  contaH  with  sensitive  tentaeuk,  which  ought  not  to  enter 
the  orifice,  or  when  they  have  been  introdnced  and  are  to  be  expelled,  or 
when  some  external  irritation  is  applied,  thatw^e  see  anything  like  a  definite 
muscular  movement,  indicating  the  agency  of  a  nervous  system.  The  gan- 
glion a}^pears  to  control  the  circular  sphincters  which  surround  the  orifices 
of  the  mantle,  as  well  as  the  muscular  fibres  which  are  spread  in  a  network 
over  tlie  whole  sac ;  by  the  contraction  of  the  former,  the  ingress  of  improper 
substances  is  prevented ;  and  by  that  of  the  latter,  the  fluid  contained  in  the 
cavity  is  violently  ejected,  as  occurs  when  the  animal  is  subjected  to  any  cx- 
teruiJ  contact,  or  is  excited  to  the  same  action  by  any  internal  irritation* 
This  ganglion,  then,  must  be  regarded  as  cUe^y  pancio-s^dandtnk;  and 
from  the  analogy  of  higher  animals,  we  should  be  led  to  regard  its  actions 
as  altogether  **  automatic,''  the  movements  just  described  being  analogous 
to  those  of  coughing  and  sneezing  in  Man.  Rudimentary  organs  of  vision 
and  of  hearing,  however,  are  found  in  some  Tunicata,  so  that  we  must  re- 
gard this  ganglion  as  the  seat  of  whatever  consciousness  theae  animals  may 
possess ;  and  from  the  distribution  of  the  nerves  which  are  connected  with 
it,  this  single  centre  mus^t  be  considered  as  combining  in  itself  the  functions 
whicli  are  elsewhere  distributed  among  severaK 

G4L  The  type  of  the  Nervous  system  in  the  group  of  Braehiopoda  pre- 
sents bot  little  advance  upon  the  foregoing  \  the  chief  difference  being;  that 

*  S«  HiLKley  "  On  the  Morphology  of  the  CephalouB  MoUusoa,"  in  **  Philo3.  Trans- 
^act,"  Um,  pp.  52,  Httq, 
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tlie  greater  discounection  of  the  two  lateral  halres  of  the  bodj  keeps  those 
ganglionic  centres  distinct,  which  arc  fused  into  a  single  mass  amonir  the 
nioUusks  of  the  preceding  group.  These  centres  are  ftnboesophfi|?eaJ  in 
their  position ;  but  they  are  conaected  together,  not  merely  by  a  coiiimU.<iir3] 
band  beneath  the  cesophagas,  but  by  another  which  arches  over  it ;  so  that 
a  complete  riag  is  formed,  through  which  the  ccsophagus  passes.    From  the 

distribution   of  the  nerves  t« 
f^[ui'al  arms,  to  the  niantle,  an 
the  viscera,  it  h  eTidcnt  Ibat 
gan  gl  i  o  aic  ecu  tres  a  re  t  o  be  reg; 
as  uniting  the  functions  of pedtJii 
parieto-splnnchnic   ganglia;   whilst 
the  exisstence  of  a  siipra<<psophtfil] 
commissure  indicates  that  tbcy  it- 
present  also  the  cephalic 
although  no  rudinaents  of   _ 
mme  organs  or  nerves  have  yet 
detected  in  ihis  group* » 

642.  The  separation  of  the  5 
oils  centres,  and  the  diCrercotlai 
of  their  function,  is   carried 
greater  extent  in  the  J^rmrili 
vhmfe  bivalves,  in  accordance  with 
the  higher  development  fif  theg^&e- 
ral  organization ;  but  the  pmm^ 
splanchnic  ganglion  is  still  the  prio- 
cipal  one.  and  this  is  found  Dearth 
posterior  extremity  of  the  bodj. 
At  the  sides   of   the   cBsopbairitf. 
til  ere  are  seen  tw^o  small  /gi^W  m 
tephaiie  ganglia  (Fig,  271,  «,  <i), 
united  by  a  band  which  arches  offt 
it,   and  usually,   also,  by  mmthtt 
pairof  lilamenfs  which  moetbeoeiyi 
it ;  in  some  of  the  higher  Cooditto 
(such  as  the  Mactra)^  how^ter ,  tlic« 
two  ganglia  nearly  coaloaee  into  • 
single  mass  above  the  cedO])baglli^ 
These  gangJia    are    connected  bj 
nervous  filaments  (probably  af  is 
fl^rme  character)  with  thc'scat^TT 
tentacula  that  gnard  the  onU  orifitf : 
they  send  a  pair  of  bnmeheft  (ll* 
"anterior  palleal/*),  whteh  in  ibf 
Solen  are  of  considerable  dzct  tt» 
the  anterior  portion  of  the  auwitl* 
and  to  the  anterior  addurtor  laowl" 
a  pair  of  trunks  {e)  wliicli  entef 


.* — n,  fl,  ctipbalk 


Xurvous   sjEtem   of   ,Sohn . 
ganglb*  runneriofl  hy  n  tranarers^  bnna  nrch 
ii]|r  mtr  the  oesophnga* ;  6,  pedii]  ifangli^ti,  Llio 
bfnueliua  tif  wbkh  nro  ilislribuU'd  to  the  powrr. 

itil  imi?eular  foat;    e,  f>jirieti>-j*plnnchuit;    gain-         -    ^  .   ,  

glion,  tbo  bniticbcF  of  irhich  prueced  to  the  yrxlh    pan*eio*^^pkinc/tmc  ganglion 

./,  the  Mpbon*,  f,  i,  iiiia  oiber  piut^;  r  tttjuks    branches  are  cxtcnsivdv  disirii 
^  ,f     J-  ^  J'  j^  .^'. —        ..        \       .,    .    to  aJi  parts  or  the 


parts  oi  tne  re^piratom 
paratui5»  siphons,  Ac.,  nnd  aJft^ 


ganglia;  /,/,/,/p  tnujutc  ganglia  cm  tbo  pnllctil 
limach^ff;  hi  suuj!. 

*  Ste  Prof  Oweii  mi  the  *' Aaatomy  of  tlic  Terebrntula,**  ju  tlio  Inifoduelivm 
PavidiioirB  M^ungTAph  on  the  ^'  Britiali  Fosiii  Bwcliicipodft,"  p»  1 1, 
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the  posterior  part  of  the  mantle  (''posterior  pallenl"  branches) ^  and  to  th 
adductor  mascle.  The  anterior  and  posterior  piiUeal  nerveis  of  eitlior  bIc 
QSDallj  inosculate  to  form  a  *'circuiBpalleal''  nerve,  which  passes  round  thi 
margin  of  each  lobe  of  the  mantle,  and  Bupidies  Ijranches  not  only  to  its ' 
muscular  suljstance,  but  also  to  the  sensory  organs  (such  as  the  tentacula  of 
Ltma,  and  the  eyes  of  Pecteti),  with  which  it  is  ofieu  fumisJied ;  Uicae  trunks 
are  frequently  studded,  as  in  *So/en,  with  minute  ganglia  (//)  in  different 
parts  of  the  course;  and  where  none  such  are  met  with,  it  is  stated  by  Duver- 
Doy  that  the  nerves  themselves  contain  ganglionic  cells^  so  as  iu  fact  to  con- 
stitute elongated  ganglia.  In  those  Lumdlibranvhiuta  which  possess  a  foot, 
a  third  principal  nervous  centre,  the  pedal  ganglion  (A),  is  fonad  at  its  base, 
and  seems  peculiarly  connected  with  its  actions  \  but  where  the  foot  is  absent, 
as  iu  the  (hf$ter  tribe,  this  either  does  not  exist,  or  is  only  represented  i>y  a  pair 
of  minute  ganglia  situated  immediately  behind  the  cephalic.  The  pedal  gnn- 
ghon  has  always  an  immediate  connection  with  the  cephalic ;  and^  in  general, 
this  connection  is  quite  distinct  from  that  of  the  parieto-splanelmic,  so  that 
the  pedal  and  paneto-splanchnic  gauglla  have  not  even  an  apparent  conuec- 
tion  with  each  other.  Sometimes,  however,  the  pedal  ganglion  has  no  such 
obviously  distinct  communication  with  tlie  cephalic,  being  situated  on  the 
nervous  cords  which  pa^ss  backwards  from  the  cephalic  to  the  paricto- 
splanchnic;  and  the  pedal  and  parieto-splanchnic  ganglia  thus  seem  to  be 
connected  together.  The  normal  relations  of  the  parts,  however,  are  not 
altered  hy  such  an  arrangement;  for  the  trunks  which  connect  the  parieto- 
splanchnic  ganglion  with  the  cephalic  pass  over^  not  through^  the  pcdal^ 
which  has  its  own  bands  of  union  as  structurally  distinct  as  in  the  SoIcu> — 
Xo  satisfactory  evidence  ha^  yet  been  adduced,  of  the  separate  existence  of 
a  Byinpathetic  or  visceral  system  of  nerves  in  this  group.* 

643,  A  good  deal  of  variety  exists  in  this  class,  in  regard  to  the  actions 
to  which  the  nervous  system  is  subservient.  Many  of  those  which  have  no 
foot  (such  as  the  Ouster)  are  attached  for  life  to  the  i>lace  where  they  ori- 
glDally  fix  themselves ;  and  no  evident  motion  is  exhibited  by  these,  save 
the  oijcning  and  closure  of  the  shell,  which  correspomls  with  the  dilatation 
and  contraction  of  the  sac  of  the  mantle  in  the  Tunieata.  This  is  princi- 
pally accomplished  by  the  posterior  ganglion,  which  supplies  the  adductor 
muscle.  Other  species,  being  unattached,  are  enabled  to  swim  by  the  flap- 
ping of  the  valves  in  the  w^atet.  Among  those  which  have  a  foot,  this 
organ  is  employed  for  many  different  purposes,  sach  as  burrowing,  leaping, 
&c. ;  which  are  generally  executed  in  such  a  manner,  as  to  imply  that  they 
are  in  some  degree  under  the  direction  of  consciousness.  And  it  is  in  the 
most  free  and  active  of  these  Bivalves,  that  we  have  the  most  distinct  indi- 
cations of  the  presence  of  organs  of  special  sensation ;  these,  howeTcr, 
where  they  exist,  are  not  restricted  to  any  particular  part  of  tiie  body,  but 
are  disposed  along  the  free  margins  of  the  lobes  of  the  mantle.  For  reasons 
which  will  be  given  hereafter,  it  appears  probable  that,  whilst  the  genernl 
movements  of  the  foot  are  directed  by  the  cephalic  ganglia,  under  the 
guidance  of  sensations,  the  particidar  actions  by  which  it  fixes  itself  on  a 
given  surface,  and  adapts  its  disk  to  the  inequalities  which  it  encounters, 
may  be  produced  simply  by  impressions  conveyed  to  its  own  ganglion 
through  its  afferent  nerves,  and  reflected  through  its  motor  fibres,  in  which 
eenaations  are  not  necessarily  concerned.     The  same  may  be  inferred  re- 

^  For  tkc  Anutomj  of  tho  NerTfiua  Bjatcm  of  Lamdlihranchiiitft^  ace  cspeciully  Gnmc^H 
*  Linniean  TraasactionB,"  vol  ivii. ;  Blnucbard  in  ♦*  Ann.  des  Sd*  Ni&t./'  fl*  S^r.,  Zdgl., 
il, ;  and  Davcmoy,  np.  dt^  torn,  xviii. 
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specting  the  actions  of  the  parieto-splanchnic  ganglion  ;  which,  so  far  ss 
they  participate  in  the  respiratory  function,  may  probably  be  considered  as 
simply  reflex ;  but  when  tlie  adductor  muscle  is  caused  by  it  to  draw  to- 
gether the  valves,  cither  for  protection  from  threatened  injury,  or  for  the 
propulsion  of  the  body  through  the  water,  the  movement  being  prompted 
or  directed  by  consciousness,  we  must  regard  the  cephalic  ganglia  as  its 
original  source. — The  wliole  course  of  the  lives  of  these  animals  show  them 
to  be  so  little  elevated  in  the  scale  of  psychical  endowment,  that  we  can 
scarcely  regard  any  of  the  motions  executed  by  them  as  possessing  a  truly 
voluntary  character.  The  greater  part  of  them  are  concerned  in  protect- 
ing the  animal  from  danger,  and  in  the  prehension  of  its  food ;  and  may  be 
compared  in  the  higher  animals  to  the  closing  of  the  glottis  against  irritat- 
ing matters,  and  to  the  contraction  of  the  pharynx  in  swallowing. 

044.  As  the  Head  is  not  otherwise  indicated,  in  the  two  preceding 
classes  of  Mollusca,  than  by  the  position  of  the  mouth,  and  as  the  organs 
of  special  sensation  are  but  very  imperfectly  evolved,  it  is  not  to  be  won- 
dered at  that  the  cephalic  ganglia  should  be  inferior  in  size  to  those  more 
connected  with  powerful  and  active  muscles.     But  in  the  higher  classes  it 
is  very  different ;  and  in  proportion  as  we  meet  with  evidence  of  the  posses- 
sion of  the  senses  of  sight,  hearing,  &c.,  and  find  these  organs  no  longer 
scattered  over  the  periphery  of  the  body,  but  collected  npon  a  "head," do 
wc  observe  a  greater  concentration  of  the  ganglionic  system  towards  their 
neighborhood. — In  the  Pteropoda  and  Heteropoda,  the  general  distribation 
of  the  nervous  system  is  not  very  dissimilar  to  that  which  has  been  last  de- 
scribed.    Thus,  in  Carinaria,  the  cephalic  ganglia  are  still  found  separate, 
lying  at  the  sides  of  the  oesophagus,  and  connected  by  a  transverse  band; 
and  tliese  receive  the  optic  nerves  and  tentacular  filaments.     Besides  other 
branches  transmitted  to  the  neighboring  organs,  two  principal  tmnks  are 
sent  backwards,  which  unite  in  a  large  ganglion  situated  among  theviscen; 
and  from  this  nerves  proceed  to  the  foot,  respiratory  organs,  and  posterior 
part  of  the  trunk  ;  so  that  it  may  be  regarded  as  combining  the  functions 
of  the  pedal  and  parieto-splanchnic  ganglia,  as  is  further  indicated  by  its 
quadrilobate  form.     In    Gasteropoda^  however,  the  cephalic  ganglia'  ire 
generally  much  larger  in  proportion  to  the  rest,  than  they  are  in  Acephala; 
and  they  show  a  tendency  to  approximate  each  other,  and  to   gain  a  posi- 
tion above  the  oesophagus,  as  we  see  in  Paludina  (Fig.  44,  m,  u)  ;  or  eren 
to  meet  upon  it  in  a  single  mass,  as  in  Aphjua  (Fig.  50,  rf).     The  parieto- 
splanchnic  ganglia  are  not  unfrequently  represented  by  two  distinct  pairs 
of  centres,  which  may  be  termed,  from  the  distribution  of  their  respectiTe 
nerves,  the  "  branchial,"  and  the  "palleal."     The  5ranc/ii a/ ganglion  is 
generally  found  in  the  immediate  neighborhood  of  the  respiratory  organs, 
and  its  position,  therefore,  is  as  variable  as  theirs  (§  291) ;  it  is  not  unfre- 
quently conjoined  into  one  mass  with  the  pedal  or  palleal  centres ;  bat  its 
presence  may  always  be  recognized  by  the  distribution  of  its  nerves,  as  well 
as  by  its  separate  connection  with  the  cephalic  ganglia.     The  position  of 
the  pedal  ganglion,  which  is  constantly  found  in  the  Gasteropoda,  and 
which  is  general  donhh  though  the  foot  is  single,  also  varies,  but  in  a  less 
degree ;  since  it  is  usually  near  the  ventral  surface,  at  no   great  distance 
behind  the  head.     The  palUal  ganglia  are  sometimes  united  with  the  bran- 
chial, sometimes  with  the  pedal,  according,  perhaps,  as  the  movements  of 
the  mantle  most  participate  in  the  respiratory  acts,  or  in  the  general  loco- 
motion of  the  body  ;  but  they  ore  recognized  by  the  distribation  of  their 
nerves,  and  by  their  separate  connection  with  the  cephalic  ganglia.    Thus, 
in  Aplysia,  the  cord  of  communication  which  unites  the  single  sapra-oeso- 
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pbageal  ganglion  (Fijr-  50,  d)  with  the  two  infm-oBSOphageal  ganglia  (e,e), 
h  triple  \  the  latter  are  known,  by  the  digtribntton  of  their  nerves,  to  com- 
bine the  functions  of  pedal  nnd  palleal  ganglia,  whence  we  can  account  for 
their  double  connection  with  the  cephalic  ;  and  the  third  cord  passes 
throitffh  them  to  the  branchial  ganglion  (™),  which  is  single,  and  lies  at 
the  posterior  part  of  the  body.  The  pedal,  branchial,  and  palleal  ganglia 
are  all  found  separate  from  one  another  in  some  instances  ;  while  in  other 
cases  they  are  all  brought  together  in  the  neighborhood  of  (he  oesophagus. 
This  last  is  the  usual  arrangement  in  the  ^*  naked''  Gasteropods,  whether 
pnlmonated  or  l>ranehiferous.  It  is  in  the  Pidmonota  that  the  concentra- 
tion is  carried  to  its  greatest  extent;  thus^  in  the  Slug^  we  find  but  a  single 
nervous  mass  beneath  the  cesophagus,  in  which  the  three  pairs  of  ganglia 
have  become  fused.  In  the  NudihrancJdaia^  on  the  other  hand,  these 
ganglionie  centres  for  the  most  part  remain  distinct,  although  they  are 
aggregated  together  *  and  in  these,  moreover,  the  number  of  nervous  cen- 
tres is  further  multipiied  by  the  development  of  distinct  ganglia  in  connec- 
tion with  the  olfactory  and  optic  nerves. — Besides  the  foregoing  ganglia 
and  nerves,  we  find,  in  many  of  the  Gasteropoda,  a  separate  system  con- 
nected with  the  complicated  apparatus  of  manducation  and  deglutition, 
which  this  class  nsnally  possesses*  The  nerves  which  supply  these  organs 
do  not  proceed  from  the  cephalic  ganglia,  but  from  a  distinct  centre,  which 
is  usually  placed  in  advance  of  them  upon  the  month  or  pharynx  ;  and 
their  ramifications  proceed  also  along  the  oesophagus  to  the  stomach. 
This  set  of  nerves  and  ganglia,  which  is  even  more  important  from  its  rela- 
tive development  in  other  classes,  may  he  called  from  its  distrihutiou  the 
stomrito-gmtric  system.  We  shall  see  that  analogous  ganglionic  centres, 
and  nerves  of  very  similar  distribution,  exist  in  Yertebrata ;  but  that  they 
no  longer  constitute  a  distinct  apparatus,  being  fused,  as  it  were,  into  the 
general  Cerebro-spinal  system — A  distinct  visceral  or  Sympathetic  system 
of  nerves;  consisting  of  a  multitude  of  minute  ganglia,  and  of  a  network 
of  hiainents,  dispersed  through  the  various  parts  of  the  apparatus  of  orga- 
nic  life,  and  communicating  with  the  stomato-gastric  system,  has  now  been 
clearlj*  made  out  among  the  ^udibranchiate  Gasteropods,  and  probably 
exists  elsewhere,* 

045.  In  our  examination  of  the  Nervous  System  of  the  Mollusca,  we 
hitherto  met  with  a  progressive  multiplication  of  its  centres,  in  accordance 
with  the  progressive  complication  of  the  organism ^  and  especially  with  the 
increase  of  its  sentiori-motor  powers.  To  those  simply  **  reflex"  actions 
immediately  connected  with  the  maintenance  of  organic  life,  we  have  found 
that  general  locomotive  movements  are  superadded,  which,  as  they  involve 
the  gnidanco  of  sensations,  must  be  regarded  as  belonging  to  the  *'  consen- 
sual" class ;  and  as  a  distinct  foot  is  developed,  the  muscular  coat  of  the 
mantle  thickened,  a  complicated  apparatus  for  the  reduction  of  the  food 
provided,  and  more  perfect  organs  of  special  sense  evolved,  do  we  find  a 
corresponding  development  of  ganglia  which  arc  their  centres  of  action. 
In  no  instance,  however,  are  these  ganglia  repetitions  of  each  other,  except 
oo  the  two  sides  of  the  median  line;  and  there  is  no  evidence  that  the 
cephalic  ganglia  have  any  other  function,  than  that  of  receiving  sensoi'y 

'  Sec  the  ji4mlrnblo  Meiuoir  *'  On  the  Anatotwy  of  Doris/'  by  Mr.  Huncoek  and  Br. 
EmbletOD,  in  ♦^IMiiloa.  TnuiiiRct,"  1862,  and  the  '*AnMotuy  of  Eoliii"  m  Aider  find 
HftJicock*s  *♦  Monograph  on  the  Nudtbrancliiate  Molluacn/^  published  by  «he  Rny  So- 
ciety. See  jdm  Mr.  Gurncr's  Memoif  alrendjr  referred  to,  and  JiL  Bliitichurd*^  **  Re- 
eLercbes  eur  rOrgtiinsatiou  des  OpislhobrniacUes/'  in  "Ann.  des  ScL  Nat.,*  S»  S^r., 
£}ol.,  torn.  Ix. 
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impressions,  communicating^  them  (so  to  speak)  to  the  eonsciousnesg,  and 
calling  fortli  respondent  muscnlar  movements.  Nor  is  there  anything  in 
tiie  habits  of  life  of  these  animals,  which  indicate  that  their  actions  are  of  a 
nature  above  the  automatic. 

040.  The  Nervous  System  of  the  Cephalopoda  exhibits  an  obvious  ap- 
proach towards  that  of  Yer- 
!■"»?•  -"-•  tebrated  animals,  in  the  con- 

centration of  the  cephalic 
ganglia  into  one  mass,  which, 
though  still  perforated  by 
the  cesophagns,  lies  almost 
entirely  above  it,  and  is  some- 
times protected  by  plates  of 
cartilage  that  constitute  the 
rudiment  of  a  nenro-skele- 
ton.  In  the  NautUus,  how- 
ever, which  is  the  type  of 
the  inferior  or  TtirdSinantk- 
iate  order  of  this  class,  the 
general  distribution  of  this 
system  corresponds  pretty 
closely  with  that  seen  in  the 
higher  Gasteropoda.  The 
oesophagus  is  still  encircled 
with  a  ganglionic  ring,  of 
which  the  upper  part  girei 
off  the  optic  nerves,  whilst 
the  lower  supplies  the  month 
and  tentaculk,  and  sends 
trunks  backwards  into  the 
shell.  The  trunk  which  sop- 
plies  the  internal  tentacnlt, 
and  what  is  probably  the 
olfactory  organ,  has  a  small 
ganglion  situated  upon  it; 
and  other  ganglia,  which 
probably  belong  to  the  sto- 
mato-gastric  and  sympathetic 
systems,  are  found  on  the 
nerves  distributed  to  the  vis- 
cera. In  the  DihramAiak 
order,  whose  habits  are  more 
active,  and  whose  genml 
organization  is  higher,  we 
find  a  somewhat  different  tf- 
rangement  (Figs.  272-214). 
The  organ  of  vision  heie 
attains  an  increased  develop- 
ment and  importance;  u 
organ  of  hearing  evidently 
exists ;  and  the  whole  m- 
face  of  the  body  is  possessed  of  sensibility.  In  Argonauta,  the  ctphdic 
ganglia  are  united  into  a  single  large  mass  on  the  median  line  (Fig.  272, «), 
from  the  lateral  portions  of  which  the  optic  nerves  are  given  off;  bnt  in 


Xcrvous  system  o{  Argonauta  argo:  A,  ai  seen  in 
front ;  B,  as  viewed  in  proGle,  showing  the  relations  of 
the  nervous  centres  to  the  buccal  moss,  A,  the  ccso- 
phagns  B,  and  the  eye  c; — a,  oephalio  ganglion;  6, 
buccal  ganglion;  e,  sab-uesophageal  ganglion;  d,  d, 
stellate  ganglia  of  the  mantle;  «,  vhoeral  ganglion;  /, 
nerves  of  the  nrm?,  with  ganglionic  enlargements ;  g, 
optic  nerves;  h,  h,  eyes;  i,  t,  branchial  nerves  with 
their  ganglia. 


Fig.  273. 


Nefvottfi  centres  of  Ovru* 
puai — at  pharytigeul  giin- 
glitin  I  c/f  proper  Cffihalie 
gnnj^lioD ;  h,  oplio  gnngliotr ; 
c^Fiib-ceioplm^cftl  gongUuni 
d,  nperrufo  giving  piiaan 
1(1  Ihe  oeaopha^sj 
of  the  grenl  palleal  hctvcm; 
/,  prmcipnl  visceral  norve ; 
yp  nervo  of  the  funnel;  &, 
nuditory  nervee;  i 
uervet  of  ihe  nrtna ;  kf  bm 


^f/3)tVi  and  Octopus,  the  optie  g{iQgli&  (FijOTB,  27  3|  374,  fi,  i)  are  distinct' 
from  tlie  median  portion,  which  is  considered  by  Prof,  Owen  as  an  olfactive 
ganglioD,  The  nerves  which  supply  the  buccal  apparatus  are  usuallj 
connected  with  a  distinct  ganglion  lu  advance  of 
tlie  cephalic  (Fig,  2T2,  b,  Fig.  274,  *-);  but  some- 
times  this  gauglion  h  fuged  into  the  gonemi  mnsg, 
as  happens  iu  Octopus  (Fig.  273).  Besides  this 
buccal  gauglioa,  we  find  in  Sepia  a  Imbiul  gangJiou 
(Fig.  ii74,  /),  which  sapplies  the  pnits  immedi- 
ately sorrounciing  the  ea trance  to  the  mouth.  The 
nerves  which  supply  the  arms,  proceed,  iu  all  Ce- 
phalopods,  from  the  anterior  part  of  the  snb-ceso- 
phftgeal  mass,  which  constitutes  the /^ecZ^i/ ganglion; 
and  in  the  Dibranchiata,  whose  arms  are  furnished 
with  suckers,  the  nenre-truuks  (Fig,  272,/,/)  are 
beset  with  a  series  of  accessory  ganglia  in  connec- 
tion with  those  organs,  every  sncker  possessing  a 
pranglion  of  its  own.  It  has  been  shown  by  Dr. 
Sharpey,  that  the  principal  trunk  of  each  arm  may 
be  divided  into  two  distinct  tracts  ;  in  one  of  which 
there  is  nothing  hxii  Jihrom  structure,  forming  a 
direct  communication  between  the  suckers  and  the 
central  ganglia ;  whilst  in  the  other  are  contained 
the  f^anglia  which  peculiarly  appertain  to  the  suck- 
ers, and  which  are  connected  with  them  by  distinct 
filaments  ;  so  that  each  sucker  has  a  separate  rela- 
tion with  a  ganglion  of  its  own,  whilst  all  are  alike 
connected  with  the  cephalic  ganglia,  and  are  placed 
under  their  coatrol  We  see  the  results  of  this 
arrangement,  in  the  modes  in  which  the  contractile 
power  of  the  suckers  may  be  called  into  operation. 
When  tlie  animal  embraces  any  substance  with  its 
arm  (being  directed  to  this  action  by  its  sight  or 
other  sensation),  it  ca a  bring  all  the  suckers  simnl- 
taneously  to  hear  upon  it ;  evidently  by  the  trans- 
mission  of  an  impulse  along  the  motor  cords,  that 
proceed  from  the  central  ganglia  to  the  suckers. 
On  the  other  hand,  any  individual  sucker  may  be 
miwle  to  contract  and  attach  itself,  by  placing  a 
substance  ia  contact  with  it  alone ;  and  this  action 
will  take  place  equally  well,  when  the  arm  is  sepa- 
rated from  the  body,  or  even  in  a  small  piece  of 
the  arm  when  recently  severed  from  the  rest — 
thus  proving  that,  when  it  is  directly  excited  by  an 
impression  made  upon  itself,  it  is  a  rtfiex  act,  quite 
ijadependent  of  the  cephalic  ganglia,  not  involving 
senaatloD,  and  takin;]|:  place  through  the  medium  of 
ita  own  ganglia  aloue.  In  the  Octopuif  which 
swims  by  a  kind  of  circular  fin  that  is  formed  by  a 
mambrane  connecting  the  tent^icula,  a  curious  con- 
nection exists  between  the  nerves  radiating  to  these 
from  the  cephalic  ganglia ;  for,  at  the  base  of  the 
arms,  a  nervous  ring  is  found  (like  that  of  the  As- 
tcrias  §  037),  which  unites  them  all,  and  probably 


naV 


Nenrousf  ctSDtrt^s  of  Srp\a 
G^eirtafiv: — A,  viewed  from 
«bfiro  I  B,  tbo  stKmb  m  fcen 
rrom  the  »iJe,  witb  itt  rela- 
tions to  A,  tbn  buooAl  mail, 
B,  ibe  maopbii^F,  And  C  lb« 
jiorta;  — a,  cepballe  gikWr 
glion;  it,  ft,  optic  ganglia; 
t:-,  etib-cetophagciil  gmnglion ; 
d,  d,  tJMTW  of  Ihfl  arms ;  c, 
buccftl  gflDgUon;  ft  labial  J 
fiiuglioii;  I/,  nerves  of  tb 
man  lie;  h,  vUctroJ  nerv^p 
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contributes  to  harmonize  their  actions.     From  the  posterior  part  of  the 
sub-oesophageal  mass,  proceed  the  nerve-tmnks  which  supply  the  general 
p.    275  surface  of  the  mantle;  and  these  enter 

*^*  ^  '  two  large  stellate  ganglia  (Fig.  272, 

d,  d),  before  separating  into  their  rami- 
fications. Other  trunks,  also  furnished 
with  ganglia  of  their  own  (»,  t),  sup- 
ply the  respiratory  apparatus ;  and  in 
the  centre  we  find  a  single  or  double 
trunk,  which  passes  towa^s  the  digest- 
ive apparatus,  and  enters  the  visceral 
ganglion  (e).  There  can  scarcely  be  a 
doubt  of  the  existence  of  a  separate 
Sympathetic  system;    although  it  has 

not  yet  been  made  out ^Thus,  we  hare 

traced  in  the  Cephalopoda,  the  highest 
development  of  a  nervons  system  formed 
to  minister  chiefly  to  the  sensorial  and 
nutritive  functions ;  we  shall  now  fol- 
low that  of  the  Articulata,  in  which  the 
locomotive  powers  are  especially  pre- 
dominant ;  and  we  shall  afterwards  find 
that  the  Yertebrata  combine  the  types 
characteristic  of  both. 

64Y.  The  plan  on  which  the  Nervons 
system  is  distributed  in  the  sub-king- 
dom Articulata,  exhibits  a  remarkable 
uniformity  throughout  tiie  whole  series; 
whilst  its  character  gradually  becomes 
more  elevated,  as  we  trace  it  from  the 
lowest  to  the  highest  divisions  of  the 
group.     It  usually  consists  of  a  donhle 
nervous  cord,  studded  with  ganglia  at 
intervals;  and  the  more  alike  the  differ- 
ent segments,  the  more  equal  are  thes« 
ganglia.      The   two    filaments  of  the 
nervous  cord  are  sometimes  at  a  con- 
siderable distance  one  from  the  other, 
and  their  ganglia  distinct ;  but  more 
frequently  they  are  in  close  appositioa, 
and  the  ganglia  appear  single  and  com- 
mon to  both.     That  which  may  be  ^^ 
garded  as  the  typical  conformation  of 
the  nervous  system  of  this  group,  is 
seen  in  the  ganglionic  cord  of  Suh- 
pendra,  or  in  that  of  the  larva  of  most 
Insects,  such  as  that  of  Sphinx  h'patri 
(Fig.  2Y5).    Here,  we  see  the  ncrroos 
cord  nearly  uniform  throughout,  its  two 
halves  being  separated,  however,  at  the 
anterior  portion  of  the  body ;  the  gan- 
glia are  disposed  at  tolerably  regnkr 
intervals,  are  similar  to  each  other  in 
size  (with  the  exception  of  the  last, 


Ncrrons  system  of  Larva  of  Sphinx 
liffuatri: — A»  cephalic  ganglia;  1-11,  gan- 
glia of  the  trunk. 


NEEY0U8  BYSTEM   OF   ARTlCULATA, 


651 


which  is  formed  by  the  conkBeeuce  of  two),  and  every  one  supplies  its  own 
ecgmeiit,  having  little  conBcetion  with  atiy  other.  The  two  fibmcnts  of 
the  cord  rlirerge  behind  the  head^  to  incloae  the  o&sophagus ;  above  which 
we  find  a  pair  of  jrangliu,  that  receiTe  the  nerves  of  the  eyes  and  antennse, 
We  ehall  find  that,  in  the  higher  classes,  the  inequality  in  the  formation 
and  office  of  the  different  segraentSp  and  the  iDcreased  powers  of  speeial 
sensation,  involve  a  considerable  change  in  the  nervous  system^  which  is 
concentrated  about  the  head  and  thorax.  In  the  simplest  Yermiform  tribes, 
on  the  other  hand^  we  lose  all  trace  of  separate  ganglia,  the  nervous  cord 
passing  without  evident  enlargement  from  one  extremity  to  the  other. 
Whatever  may  be  the  degree  of  multiplication  of  the  gaoglia  of  the  trunk, 
they  seem  but  repetitions  one  of  another ;  the  functions  of  each  segment 
being  the  same  with  those  of  the  rest.  The  ceph^dic  ganglia,  however,  ore 
always  larger  and  more  important ;  they  are  connected  with  the  organs  of 
special  sense ;  and  they  evidently  possess  a  power  of  directing  and  control- 
ling the  movements  of  the  entire  body,  whilst  tlie  power  of  each  ganglion 
of  the  trunk  is  confined  to  its  own  segment. — The  longituclinal  gnngliated 
cord  of  Articnlata  occapioH  a  position  which  seems  at  first  sight  altogether 
diJTerent  from  tlmt  of  the  nervous  system  of  Ycrtebrated  animals ;  being 
found  in  the  neighborhood  of  the  ventral  or  inferior  surface  of  their  bodies, 
instead  of  lying  jn^st  beneath  their  dorsal  or  upper  surface.  From  the  his- 
tory of  their  development  (§  582)^  however,  antl  from  some  other  cousidera- 
tions,  it  has  been  suggested  that  the  whole  liody  of  these  animals  may  be 
considered  as  in  an  inverted  position ;  the  part  in  which  the  segmentation 
is  first  distinguished  iu  Insects  being  the  real  equivalent  of  the  dorsal 
region  in  Vertebra ta^  and  that  over  which  the  germinal  membratie  is  the 
last  to  close  in,  being  homologous  with  the  ventral  region.  This  view 
applies  also  to  the  position  of  the  ''dorsal  vessel,"  which  woidd  then  be  on 
the  ventral  side  of  the  axis,  as  in  Yertebrata,  Regarded  under  this  as  pec  t^ 
the  longitudinal  nervous  tract  of  Artienlata  corresponds  with  the  Spinal 
cord  of  Yertebrated  animals  in  posiiwn,  m  we  shall  find  that  it  does  in 
Junction. 

648.  When  the  structure  of  the  chain  of  ganglia  is  more  particularly 
inquired  into,  it  is  found  to  eonsssi  of  two  distinct  tracts,  one  of  which  is 
composed  of  nerv^ifilyres  only,  and  passes  backwards  from  the  cephalic 
ganglia,  over  the  surface  of  all  the  ganglia  of  the  trunk,  giving  off  branches 
to  the  nerves  that  proceed  from  them ;  whilst  the  other  includes  the  gmiglia 
themselves  (Fig.  277,  a).  Hence,  as  in  the  Mollusca,  every  part  of  the 
body  has  two  sets  of  nervous  connections;  one  with  the  cephalic  ganglia, 
and  the  other  with  the  ganglion  of  its  own  segment.  Impressions  made 
tipon  the  afferent  fibres,  which  proceed  from  any  part  of  the  body  to  the 
cephalic  ganglia,  become  sensatiom  when  conveyed  to  the  latter;  whilst, 
in  resp  on  deuce  to  these,  the  comenMual  impulses,  operating  through  the 
cephalic  ganglia,  harmonize  and  direct  the  general  movements  of  the  body, 
by  means  of  the  efferent  nerves  proceeding  from  them.  For  the  lower 
reHex  operations,  on  the  other  hand,  the  ganglia  of  the  ventral  cord  are 
sufficient;  each  one  ministering  to  the  actions  of  its  own  segment,  and,  to 
a  certain  extent  also,  to  those  of  other  segments.  It  has  been  ascertained 
by  the  careful  dissections  of  Mr.  Newport,  to  whom  we  owe  all  our  most 
aceorate  knowledge  of  the  structure  of  the  Nervous  svstem  in  Articulated 
animals,*  that  of  the  fibres  constituting  the  roots  by  which  the  nerves  are 

•  Se«  Ilis  sTiccessWc  pivjHjrs  tii  the  **  rhilosnpbical  Tmnaaet^ons"  fVom  1832  to  1843,  and 
ticuliirlj  Ms  BleDidir  oa  the  ^'Neryous  System  of  XJyriapodi,*'  ia  the  liat^natned  year. 
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implanted  in  the  ganglia,  some  pass  into  the  vesicular  matter  of  the  gan- 
glion, and,  after  coming  into  relation  with  its  vesicular  substance,  pass  out 

again  on  the  same  side  (Fig.  2T6, /,  Z); 
whilst  a  second  set,  after  traversing  the  ve- 
sicular matter,  pass  out  by  the  trunks  pro- 
ceeding from  the  opposite  side  of  the  same 
ganglion ;  whilst  a  third  set  run  along  the 
portion  of  the  cord  which  connects  the  gan- 
glia of  different  segments,  and  enter  the 
nervous  trunks  that  issue  from  them,  at  a 
distance  of  one  or  more  ganglia  above  or 
below.  Thus  it  appears,  that  an  impre^ 
sion  conveyed  by  an  afferent  fibre  to  any 
ganglion,  may  excite  motion  either  in  the 
nmscles  of  the  same  side  of  its  own  seg- 
ment, or  in  those  of  the  opposite  side;  or 
Portion  of  tho  ganglionic  tract  of  in  thosc  of  Segments  at  a  greater  or  less 
i'li^lrZ^Zr^^'nZZ^^^^^^         distance,  according  to  the  point  at  which 

gAn{;lionic  cord;  r,  anterior  nervea;  is.         .  nt  i  ^i  j         »     j 

r/,  posterior  nerves ;  /,  1%  fibres  of    the  efferent  nbres  leavo  the  cord.     ADd  as 
reflex  action ;   .7.  A,  commissural     the  function  of  thcsc  ganglia  Is  altogether 

c'::.'  'Jk  'r„Cd":''!.,"'hV;  pt     '^^'^^'^  *^  '^'  locomotive  actions  of  the  seg- 
through  ganglionic  matter.  mcuts,  we  may  regard  them  as  so  many 

repetitions  of  the  pedcU  ganglia  of  the  Mol- 
lusca ;  their  multiplication  being  in  precise  accordance  with  that  of  the 
instruments  which  they  supply. 

G49.  The  general  conformation  of  Articulated  animals,  and  the  ar^ang^ 
ment  of  the  parts  of  their  Nervous  system,  render  them  peculiarly  favor- 
able subjects  for  the  study  of  the  simplest  reflex  actions ;  some  of  the 
princii)al  phenomena  of  which  will  now  be  described. — The  Mantis  religiota 
customarily  ]>laces  itself  in  a  curious  position,  especially  when  threatened 
or  attacked,  resting  upon  its  two  posterior  pairs  of  legs,  and  elevating  its 
thorax  with  the  anterior  pair,  which  are  armed  with  powerful  claws:  now 
if  the  anterior  segment  of  the  thorax,  with  its  attached  members,  be 
removed,  the  posterior  part  of  the  body  will  still  remain  balanced  upon 
the  four  legs  which  belong  to  it,  resisting  any  attempts  to  overthrow  it, 
recovering  its  position  when  disturbed,  and  performing  the  same  agitated 
movements  of  the  wings  and  elytra  as  when  the  unmutilated  insect  is  ini- 
tatcd ;  on  the  other  hand,  the  detached  portion  of  the  thorax,  which  con- 
tains a  ganglion,  will,  when  separated  from  the  head,  set  in  motion  itslonf 
arms,  and  impress  their  hooks  on  the  fingers  which  hold  it. — If  the  held 
of  a  Centipede  be  cut  off,  whilst  it  is  in  motion,  the  body  will  continoeto 
move  onwards  by  the  action  of  the  legs;  and  the  same  will  take  place  la 
the  separate  parts,  if  the  body  be  divided  into  several  distinct  portions. 
After  these  actions  have  come  to  an  end,  they  may  be  excited  again,  by 
irritating  any  part  of  the  nervous  centres,  or  the  cut  extremity  of  the  nerr- 
ous  cord.  The  body  is  moved  forwards  by  the  regular  and  succesaiTe 
action  of  tho  legs,  as  in  the  natural  state ;  but  its  movements  arc  always 
forwards,  never  backwards,  and  are  only  directed  to  one  side,  when  the 
forward  movement  is  checked  by  an  interposed  obstacle.  Hence,  althongh 
tliey  might  seem  to  indicate  consciousness  and  a  guiding  will,  they  do  aol 
so  in  reality ;  for  they  are  carried  on,  as  it  were,  mechanically ;  and  show 
no  direction  of  object,  no  avoidance  of  danger.  If  the  body  be  opposed  in 
its  progress  by  an  obstacle  of  not  more  than  half  of  its  own  helght,'it 
mounts  over  it,  and  moves  directly  onwards,  as  in  its  natural  state;  bat  if 
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the  obstacle  be  equal  to  Its  own  height,  Usproij^ress  is  arreated,  and  the  cut 
extremitj  of  the  hody  remains  forced  n|>  against  the  opposing  Bybstunce, 

the  legs  still  conlinuinff  to  moi^e If,  again ^  the  nervous  cord  of  a  Centipede 

be  divided  in  tlie  middle  of  the  trunk,  so  that  the  binder  legs  are  eut  oflf 
from  connection  with  the  cephalic  ganglia,  tliey  will  continue  to  uioyc,  but 
not  in  harmony  with  those  of  the  fore  part  of  the  body  j  being  completely 
paralyzed,  so  far  as  the  animars  controlling  power  iiy  concerned ;  though 
still  capable  of  performing  reflex  movements  by  the  influence  of  their  own 
ganglia,  which  may  thus  continue  to  propel  the  body,  in  opposition  to  the 
delermituiiious  of  the  animal  itself, — The  ease  k  still  more  remarkable , 
wbeu  the  nervous  cord  is  not  merely  divided,  but  a  portion  of  it  h  entirely 
removed  from  the  middle  of  the  trunk;  for  the  anterior  legs  still  remain 
ol>edient  to  the  animaPa  control ;  the  legs  of  the  segments^  from  which  the 
nervous  cord  has  been  removed ^  are  altogether  motionless  ;  whilst  those  of 
the  posterior  segments  Coutinne  to  act,  througb  Ibe  reflex  powers  of  their 
owu  ganglia,  in  a  manner  which  shows  that  the  animal  has  no  power  of 
checking:  or  directing  them.' 

(j50.  The  stimulus  to  the  reflex  morements  of  the  legs,  in  the  foregoin|r 
cases,  appears  to  be  given  by  the  contact  of  the  extremities  with  the  solid 
surface  on  wlijch  they  rest.  In  other  instances,  t!ie  api>ropriate  impression 
can  only  be  made  by  tlie  contact  of  liquid ;  thus,  a  IJf/tiscm  (a  kind  of 
water-lieetle)  having  had  its  cephalic  ganglia  removed,  remained  motion- 
less, so  long  as  it  rested  upon  a  dry  surface ;  but  when  cast  into  water,  it 
executed  the  usual  swimming  motiona  with  great  energy  and  rapidity, 
striking  all  its  comrades  to  one  side  by  its  violence,  and  persisting  in  these 
for  more  than  half  nn  hour. — Other  movements,  again,  may  be  excited 
through  the  residratory  surface.  TbuSj  if  the  head  of  a  Centipede  be  cut 
off,  and,  while  it  remains  at  rest,  some  irritating  vapor  (such  as  that  of 
ammonia  or  muriatic  acid)  be  caused  to  enter  the  air-tubes  on  one  side  of 
the  trunks  the  body  will  be  immediately  bent  in  the  opposite  direction,  m 
m  to  withdraw  itself  as  much  as  possible  from  the  iniiuenee  of  the  Tapor ; 
if  the  same  irritation  be  then  applied  on  the  other  «ide,  the  reverse  move- 
ment will  take  place;  anfl  the  liody  may  be  caused  to  bend  in  two  or  three 
different  curves,  by  bringing  the  irritating  vapor  into  the  neighborhood  of 
different  parts  of  either  side.  This  movement  is  evidently  a  reflex  one, 
and  serves  to  withdraw  the  entrances  of  the  air-tubes  from  the  source  of 
irritation  ;  in  the  same  manner  an  the  acts  of  congbing  and  sneezing  in  the 
higher  animals  cause  the  expulsion,  from  the  air-passageg,  of  solid,  liquid, 
or  f^aseous  irritating  matters,  which  may  have  found  their  way  into  them. 

651.  From  these  and  similar  facts,  it  appears  that  the  ordinary  move- 
ments of  the  legs  and  wings  of  Articnlated  animals  are  of  a  "reflex"  nature » 
nnd  may  be  effected  solely  through  the  ganglia  with  which  these  organs  are 
several Jy  connected  \  whilst  in  the  perfect  being  they  are  liarmonized,  con- 
trol!ed/and  directed  by  impulses  which  act  through  the  cepkaitc  ganglia 
nnd  the  nerves  proceeding  from  them.  There  is  strong  reason  to  believe 
tliat  the  operations  to  which  these  last  ganglia  are  suhservient  are  almost 
ontirHy  of  a  consensuai  nature  ;  being  immediately  prompted  by  sensations, 
chiefly"  those  of  sight,  and  seldom  by  any  processes  of  a  truly  intelligent 
cliarncter.  When  we  attentively  consider  the  habits  of  these  animals,  we 
.  find  that  tlieir  actions,  thougli  evidently  directed  to  the  attainment  of  cer- 
tain ends,  are  very  far  from  being  of  the  same  spontaneous  nature,  or  from 
possesii^ing  the  same  df^sitfried  adaptation  of  means  to  ends,  as  those  per- 

■  Bee  Newport*  in  the  <*PJiiloaopbiceil  TrtuisfteliDiis*'  for  1843« 
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formed  by  ourselves,  or  by  the  more  intelligent  Vertebrata,  under  like  cir- 
cumstances. We  judge  of  this  by  their  unvarying  character — ^the  different 
individuals  of  the  same  species  executing  precisely  the  same  movements, 
when  the  circumstances  are  the  same;  and  by  the  very  elaborate  nature  of 
the  mental  operations,  which  would  be  required,  in  many  instances,  to  arrive 
at  the  like  results  by  an  effort  of  reason.  Of  such,  we  cannot  have  a  more 
remarkable  example  than  is  to  be  found  in  the  operations  of  Bees,  Wasps, 
and  other  social  insects,  which  construct  habitations  for  themselves,  upon  a 
plan  which  the  most  enlightened  Human  intelligence,  working  according  to 
the  most  refined  geometrical  principles,  could  not  surpass  ;  but  which  jet 
do  so  without  education  communicated  by  their  parents,  or  progressire 
attempts  of  their  own,  and  with  no  trace  of  hesitation,  confasion,  or  inter- 
ruption, the  different  individuals  of  a  community  all  laboring  effectively  to 
one  purpose,  because  of  their  automatic  impulses  (from  which  their  t»- 
stinctive  actions  proceed)  are  all  of  the  same  nature.     (See  §§  681,  682.) 

652.  Not  only  are  the  locomotive  ganglia  multiplied  in  accordance  with 
the  repetition  of  segments  and  members ;  but  the  respiratory  ganglia  are 
multiplied  in  like  manner,  in  accordance  with  the  repetition  of  the  respira- 
tory organs.     The  re- 
Fig.  277.  spiratory  division  of  tk 
0  nervous  system  con^sts 
of  a  chain   of  minute 
ganglia,  lying  upon  the 
larger  cord,  and  send- 
ing off'its  delicate  nerres 
between  those  that  pro- 
ceed from  the  ganglia 
of  the  latter,  as  is  seei 
in  Fig.  27 T,  c.    These 
respiratory  ganglia  and 
their    nerves  are  best 
seen  in  the  thoracic  por- 
tion of  the  cord,  where 
the  cords  of  comnmoi- 
cation  between  the  p^ 
dal  ganglia  diverge  or 
separate   one  from  the 
other.    And  this  is  par- 
ticularly the  case  in  the 
Pupa   state,  when  tk 
whole    cord    is   bttug 
shortened,  and  their  <& 
vergence  is  increased. 
The  thoracic  portion  of 
tlie  cord  in  the  Pupa  of 
Sp?itnx  liffustriisAcm 
in  Fig.   2Y7,  b;  whid' 
represents  the  2d,  3d, 
and  4th  double  ganglia 
of  the  ventral  series,  the 
cords  of  connection  b^ 
twceu  them,  here  wide 
ly  diverging    laterally, 
and  the  small  rcspin- 
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Porta  of  tho  Nervous  System  of  Arliculata. — a,  single  gan- 
glion of  Centipede,  much  enlarged,  showing  tho  distinctness 
of  the  purely  fibrous  tract  I,  from  the  ganglionic  column,  a : — 
B,  portion  of  the  double  cord  from  the  thorax  of  the  pupa  of 
Sphinx  iiguBtrif  showing  the  respiratory  ganglia  and  nerves 
between  the  ganglia  (2,  3,  4),  and  tho  separated  cords  of  the 
locomotive  system:— c,  view  of  tho  two  systems  combined, 
showing  their  arrangement  in  tho  larva;  a,  ganglion  of  ven- 
tral column ;  6,  fibrous  tract  parsing  over  it ;  c,  c,  respiratory 
system  of  nerves  distinct  from  both. 
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Fig.  278. 
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tory  ganglia,  which  arc  coQnected  with  each  other  1>5'  delicate  filaments, 
that  pass  over  tho  ganglia  of  the  ventral  cord,  and  which 
send  off  lateral  branches,  that  are  distriVmled  to  the  air- 
tnbes  aad  other  parts  of  the  respiratoFy  apparatus,  com- 
mnnicating  with  those  of  the  other  system, 

G53.  The  apparatus  for  the  ingestion  and  preparation 
of  food  has  its  own  Siamalo-^astrte  system  of  ganglia  and 
nerves  in  nearly  all  Articiilato.  ThuH,  in  the  Ltech,  we 
find  a  minute  ganglion  existing  at  the  base  of  each  of  the 
three  teeth  (or  rather  jaws)  l>y  which  incisions  are  made; 
these  ganglia  are  connected  with  eacli  other,  and  wUb  the 
cephalic,  by  slender  filaments  j  and  they  also  seem  to  be 
in  conaectioa  with  other  filaments,  which  may  be  traced 
along  the  alimentary  canaL  In  Itdm,  and  in  the  larva  of 
SphiH3^  liguUri^  Mr.  Newport  has  detected  a  central  and 
two  lateral  ganglia,  situated  in  close  proximity  with  the 
0ephaliC|  and  communicating  with  them;  from  the  former 
of  these  a  '^  recurrent"  trunk  (Fig.  278,  I)  passes  back- 
wards along  the  oesophagns  to  the  stomach,  apparently 
orresponding  in  its  distribution  wnth  the  gastric  division 
of  the  par  vagum  in  Yertebrata,  The  lateral  ganglia 
{h,  m),  howerer,  seem  rather  to  belong  to  the  Symputheiic 
or  visceral  system;  their  filaments  being  chiefly  dktri- 
bnted  upon  the  dorsal  vessel,  and  upon  the  intestinal 
canaL — A  more  complete  stomato-gastric  system  is  found 
in  Insects  which  are  remarkable  for  their  masticating 
powers*  Thus,  in  the  Grylhtatpa  vulgaris  (mole-cricket), 
we  find  it  consisting  of  two  divisions,  the  median^  and  the 
iaieral,  The  former  seems  to  origiijate  in  a  small  ganglion, 
situated  (as  ia  the  Stdiinx)  anteriorly  and  inferiorly  to  the 
cephalic  moss,  with  which  it  commnuicates  by  a  connect- 
ing branch  on  each  side;  from  this  ganglion,  nerves  pro* 
ceed  to  the  walls  of  the  buccal  cavity,  the  mandibles,  &c., 
but  its  principal  trunk  is  sent  backwards  beneath  the  pha- 
rynx.  The  ramifications  of  this  '*recurrenV^  are  dlstri- 
Imted  along  the  cesophagcal  tube  and  dorsal  vessel ;  whilst 
the  trunk  passes  downwards  to  the  stomach,  where  its 
branches  inosculate  with  those  supplied  by  the  lateral  sys- 
tem, and  enter  a  pair  of  small  ganglia,  from  which  most 
of  the  visceral  nerves  radiate.  The  ganglia  of  the  lateral 
system  are  two  on  either  side,  lying,  one  in  front  of  the 
other,  beluad  and  beneath  the  cephalic  masses,  with  which 
lie  anterior  pair  communicate;  from  these,   two  cords 

ass  backwards  on  either  side,  one  derived  from  the  ante- 
ior,  and  the  other  from  the  posterior ;  and  these  cords 
run  along  the  sides  of  the  cesophogns  and  dorsal  vessel, 
"  after  iaosculating  with  the  branches  of  the  median 

st^m,  eater  the  two  cocliac  ganglia,  whose  branches  ra- 
to  the  abdominal  viscera.     In  this,  as  in  the  pre- 

ding  ease,  it  would  seem  as  if  the  mcc^ran  portion  of  this 

tern  partly  resembles  the  gastric  portion  of  the  Par 

of  Yertcbrata,  with  the  portion  of  the  medulla 

gata  which  serves  as  its  ganglionic  centre ;  corre- 

iding  also,  like  the  buccal  ganglion  of  Mollnsca,  with 
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tiie  third  division  of  the  Fifth  pair  in  Yertebmta,  by  which  tb«  iiittidei  of 
mafttlcatioa  are  especially  supplied,  and  with  the  Glomyp^mrw^  wUeh 
IB  especially  eoneemed  in  the  act  of  deglutition*  Hie  inuni  be^rtoi  tkmt 
nerves  in  Fishes,  near  their  origin,  is  eitremeiy  close  ?  umI  Ibeymtyi 
be  considered  a^  proceeding  from  the  mme  gangUofiieeaitre,  Oft  lie  I 
hand,  the  lateral  f^ngiia  seem  more  anAlogoiift  to  tbeeeatRSoTUie  i 
ihetic  system  in  Vertebrata;  especially  in  the  eomieetloii  ^tbdr  hgammm 
with  all  the  other  fty^ems  of  nerves,  and  in  the  skitife  wliicii  tlicy  hsft  ii 
the  formation  of  the  cceliac  ganglia.  And  this  vitw  of  the  i^i^ft  f 
tions  of  the  two  divisions  included  under  the  general  term  of 
gastric  syitem,''  is  gtreogthened  hy  the  fact  that  the  eotsneetion  beti 
the  Sympathetic  system  and  the  Par  Yagum  ia  pecniiarly  inttiiiate  Ia  FUhtt, 
so  that  the  two  sets  of  nerres  can  scarcely  be  isolated  from  each  otlicr.  . 
654.  Although  the  e^phoHc  ganglia  are  usually  larger  than  thoa*  of  dii 
ventral  trunk,  yet  their  relatire  §izc  varies  considerably.  They  rterilt 
ncrvc-tninks  from  the  eyes,  antenna?,  and  other  senjory  organs;  sad  Ihr 
history  of  their  development  shows:  that  they  arc  to  be  regarded  «i  moh 
posed  of  eeveral  distinct  pairs,  which  are  fused  {m  it  were)  ijito  oor  mjv 
on  either  side.  According  to  Mr,  Newport,  the  cephalic  gnoglie  of  t)i« 
Centipede  are  formed  by  the  coale*icence  of  the  gsoglia  of  the  foor  arg- 
ments,  of  which  tlie  anterior  portion  of  tJie  head  13  composed  ;  whilst  the 
first  subH3^opha|jeal  ganglion  is  in  like  manner  eomfio^scd  of  those  of  thi 
four  segments,  which  have  coalesced  to  form  the  jKisterior  part  of  the  bei4 
The  relative  develojiment  of  the  cephalic  ganglia,  however,  is  eo  deeelf 
accordant  with  that  of  the  visual  or^ns — ia  we  see,  not  only  iii  ooaifMfl^ 
dllTereiit  species  witli  each  other,  but  in  comparing  the  l<xrt*a  ?*■ -^  ^—y 
states  of  the  same  Insects — that  there  can  he  no  doobt  that  th^  •« 

regarded  as  chiefly  opiie  ganglia,  corresponding  with  the  optir  i  .n*rA  tif 
Fisbea*  There  is  no  distinct  trace,  in  Articulata  genejallv%  of  a&rtliliM* 
that  can  be  fairly  considered  homologous  either  with  the  Ci     "  iih 

the  CerebcUuLQ  of  Yerlebrata;  the  fir^  snbcesopha^eal  :  h 

hm  been  likened  to  the  latter,  being  really  Iiomolngnuig  (a;*  *uiioD 

of  its  uorrest  obundaatlv  p^ove'^)  with  the  Medulb  OUongi-  J  <^2* 

055.  We  ghal!  now  briefly  notice  the  principal  varieties  of  thla  geoifil 
I  plan,  which  are  prc^^entcd  to  us  in  the  chief  subdivisions  of  the  Artietilaied 
aeries* — In  its  lowest  forms,  no  other  than  cephalic  gongtia  (Fi^,  HI,/) 

1  Tlie  view  htn*  pTcn  of  the  AtiBlotnicul  fiignifieiitioti  Mid  Pbf  liologieiJ  up^hm  N^lbt 
Kcrvouj  BjBtetn  of  Articalated  Animals,  khs  first  deTelofi^tl  hj  tii«  Attlli«r,  la  III 
friie  Thoiie  **  On  lite  Plivai&Iogical  Infereocea  to  be  deducf^l  frrtin  the  ^trurtnrt  f^ 
|lli«  N^jfTOUH  f^jr^tem  ia  the  Itivertpbtatefl  Classes  of  Animfcb/'  puijikU^l  r  P»* 

pr<?vak'tit  (loclrinc  i%%  that  period  rcganJisif  the  actions  of  t!ie  tcidrwl  cni  ^ 

(atjifathftt  of  yir.  Newport,  who  maifilAine^  tbiit  the  f  '  t  nnu  m.i-»<.  lad 

^MBSi^^ic  tfjun  r^,  liki-nmi:  tb«m  TctpectiTclj  to  the  a  ri  ^KitU^or  uuliMai 

'  Alt  Maitl  Corel.  In  oppotihilioQ  ta  thia  <l<»ctriu9»  the  Amhi^r  nu^uecd  a  ana^MV  il 
eta  ana  trgumt^ntit  wlueli  nppe&rcd  to  Litn  to  ptoxi^  uncquivoetllj  tliAl  %h%  giutfi^^ 
tlift  tenttftl  con  I  Jirc  oentren  of  "  reflex"  m  tl  >ii :  tmd  liiadewi  ir«re  yigy  qi^f  aJbptli 
hy  Vtoft'nnon  Ofven^  £lhnr[H?j,  an  J  other  >'  ^mJ  Fbjrnolcigltli  in  lltb  nuifij 
Mr.  N^vri^H^rt,  hoirtjir^,  hs^Tiog  remaiiieJ  11  i  i.  d«t«niiiQ»d  to  f^vMllgsi*  w 
iiubjeet  for  bitn^df;  AUd  iti  hb  valaablc  |m|>c'r  ia  Uio  **  Philoto|ihie«l  TimmmIIm^ 
for  }Mi\  ti\oT^t(\  bis  adopUoQ  of  the  '*reflei''  iltfetnn^,  whkh  1i«  ttmgfbcfetd  ^  iM^ 
tlonnl  f{ict>t  of  tcrt^nt  imporlance^  drawn  bath  from  anatomical  w&i  httm  oipiihiifil 
bqulry.— As  the  Authur  biu  rea&on  to  lidieve  ibut  tbi»  ilovbiii«  b  noir  gciiat% 
accepted  h}'  rhyaSi.^igiaU,  both  at  bomo  n*  ■'  ■ '  -  '  -  thij  eorreet  luNr^fviariis  «f 
tba  pb  Gnomon  a  pre  st'iit«<)  hj  tb«  Herroue  r  t«bribi,  Imp  Iim  m4  t^ii|ii 

It  iif«e««ai7  to  do  taore  in  tbU  plae*  tlijivi  u  , ;  Jralt  K. 
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have  yet  been  detected ;  these  g-ive  off  a  band  wliich  encircles  the  c&sopha«^| 
gas;  and  send  back  a  pair  of  longhudiual  filaments  that  run  towards  the 
caudal  extremity  of  the  body,  diverging  from  one  another  more  or  less 
widely*  and  gtring  off  branches  at  intenrals,  that  encircle  the  body.     No  ' 
ganglionic  enlargements  have  been  detected  in  these  ;  but  it  does  not  seen" 

improbable  that  they  may  contaiit  nerve-cells It  can  scarcely  be  doubted 

that  a  Nervous  system  h  present  in  Ilot(fera;  but  its  e^tistence  cannot  yet  be 
said  to  hare  been  distinctly  made  out,  some  of  the  best  observers  being  by 
no  means  m  agreement  as  to  the  structures  which  are  to  be  interpreted  asj 
HQtWs  and  ganglia.' — In  the  Annelida,  we  are  led  to  that  condition  of  thf^ 
oerrous  system,  which  has  been  spoken  of  as  typical  of  the  group  of  Arti| 
culata;  for,  whilst  the  soft-skinned  species^  in  which  there  are  neither  organ! 
of  special  sensation,  nc»r  distinct  members  for  propulsion^  have  scarcely  any  ^ 
ganglionic  enlargements  on  the  nervous  cord,  the  higher  tribes,  in  which 
the  division  into  segments  becomes  distinct,  and  in  which  the  animal  re  lief  J 
for  locomotion  more  upon  the  action  of  its  members  than  upon  that  of  it 
trunk,  have  ganglia  regularly  disposed  at  inter^^als  corresponding  with  tl 
division  Into  segments.     These  ganglia,  however,  as  in  the  inferior  M^'al^ 
poda,  in  which  the  segments  of  the  body  are  very  numerous,  arc  often  sd 
small  and  so  closely  set  together^  that  they  seem  almost  to  form  one  con^ 
tinuons  tract  (Fig,  278).     The  cephalic  ganglia  are  usually  of  small  buli 
in  the  Annelida,  in  accordance  with  the  very  imperfect  development 
their  organs  of  special  sense ;  but  as  we  pass  from  them  to  the  lower  My4 
riapoda,  and  thence,  through  the  higher  forms  of  that  class,  to  the  Insect 
which  are  most  distinguished  for  their  visual  powers,  we  find  a  very  re-' 
roarkable  increase  in  the  relative  size  of  these  organs, — In  harmony  wit! 
the  increased  development  of  the  sensori-motor  portion  of  the  nervoui 
system,  do  we  find  the  respiratory,  stomato-gastric,  and  visceral  ccntrei 
becoming  more  distinct,  and  obviously  rising  in  functional  importance." 

656.  The  nervous?  ttystcm  of  Inseetj^,  like  the  rest  of  their  organs,  pre- 
sents very  different  aspects  at  the  diifercnt  stages  of  their  metamorphosis  j 
and  these  have  a  peculiarly  interesting  relation  with  the  general  characters 
and  habits  of  the  animals.  The  Lart*a^  as  formerly  stated  (§  583),  may  be 
regarded  as,  in  almost  every  respect*  on  a  level  with  the  Annelida;  all  it 
segments  are  ecjual,  or  nearly  so  ;  all  are  nearly  alike  concerned  in  the  func 
tion  of  locomotion;  and  its  nervous  cords,  with  their  ganglia,  are  conse-^ 
quendy  disposed  with  groat  uniformity*  The  number  of  segments  bein| 
uiways  13  (includiug  the  head  as  one),  that  of  the  ganglia  is  usually  the  same| 
the  last  two  or  even  three  ganglia,  however,  are  frequently  consolidated  intc 
one.  The  cephalic  ganglia,  placed  in  front  of  the  cEsophagus,  are  small  ifl 
proportion  to  the  size  they  subsequently  attain,  in  conformity  w^ith  the  lov 
development  of  the  organs  of  special  sensation.  Throughout  the  whole 
column  of  the  larva,  the  separation  of  its  lateral  halves  is  evident;  and  thifl| 
is  a  character  peculiar  to  the  lower  Articulated  tribes;  for,  in  the  perfcc" 
Insects,  Crustacea,  &c,,  these  divisions  approximate  so  closely,  as  to  leavfj 
no  space  between  them.  The  small  respiratory  filaments  are  seen  to  come 
oW  a  little  above  the  ganglionic  nerves ;  and  these  are  distributed  to  the 
stigmata,  and  to  the  muscles  concerned  in  respiration,  whilst  the  latter 
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'  See  Hnxlej  in  "  Microacopteal  TranflactJons,"  2d  Sor.,  p.  8,  and  LvyVig  m  ^*KiJlli- 
ker  nati  Siebold's  ZeitBcbrift/'  Feb.  1852. 

*  In  the  Amphmomtdm,  there  is  u  remarkftble  gAogliate<l  chain  of  nerres  on  eaeh  eide 
Qf  tlic  abdtjRjcn,  whkb  uottimamcates  by  truaavorije  brfttiches  witii  the  oesophageflJ  ring 
jittd  central  colutnn.  The  stgnificotiou  of  tliiii  curious  ajstenif  first  discovered  hj  Staa- 
utOB  (*♦  Esis,"  1831)^  is  altogether  unknown. 
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ramify  on  the  general  surface  and  supply  the  locomotive  organs.     When 
the  larva  is  about  to  assume  the  Pupa  state,  a  very  remarkable  series  of 
changes  takes  place  in  the  nervous  system ;  for  the  ganglia  are  rapidly 
approximated,  in  accordance  with  the  sudden  diminution  in  the  length  of 
the.  body ;  but  the  cords  themselves  are  not  yet  shortened,  so  that  they 
assume  a  sinuous  form,  and  in  the  thoracic  region  the  lateral  hakes  ire 
more  widely  separated  than  before  (Fig.  27T,  b).     No  great  change  is  yet 
seen  in  the  ganglia  themselves;  but  the  oesophageal  ring  is  mnch  contracted; 
and  the  filaments  proceeding  to  the  rudimentary  wings,  which  now  make  their 
appearance,  begin  to  attain  a  considerable  size. — The  ^hinx  liffUMtri  re- 
mains for  several  months  in  the  Pupa  state ;  and  the  progressive  alteratiooi 
in  its  nervous  system  may,  therefore,  be  very  advantageously  watched.    It 
appears  that,  between  the  time  of  the  first  and  that  of  its  second  metamor- 
phosis, very  considerable  changes  gradually  take  place,  which  all  tend  to- 
wards its  final  development.     In  what  may  be  regarded  as  its  characteristic 
form  in  the  pupa  state,  the  inter-ganglionic  cords  have  adapted  themselves 
to  the  shortened  dimensions  of  the  body,  and  they  lie  straight  as  in  the  lam; 
the  cephalic  ganglia  have  greatly  increased  in  size,  and  are  in  such  dose 
proximity  with  the  first  ganglion  of  the  trunk,  that  the  cesophageal  aper- 
ture is  now  much  contracted ;  the  second  and  third  ganglia  of  the  tronk, 
from  which  the  nerves  pass  to  the  wings,  are  considerably  enlarged,  whilst 
the  fourth  and  fifth  have  coalesced  into  one  mass,  to  which  the  sixth  also 
closely  approximates ;  the  abdominal  columns  are  but  little  altered,  their 
ganglia,  however,  are  now  somewhat  smaller  in  proportion  to  the  re«t— 
These  changes  conduct  us  towards  the  condition  of  the  nervous  system  in 
the  Imago  or  perfect  Insect.     The  cephalic  ganglia  have  now  nndergone 
an  enormous  increase  (Fig.  57,  X-),  the  part  connected  with  the  eyes  beiag 
particularly  enlarged ;  and  they  extend  over  the  oesophageal  canaJ  so  moeh 
as  to  conceal  it,  uniting  themselves  closely  with  the  first  ganglion  of  the 
trunk.     The  second  ganglion  (/)  has  entirely  shifted  its  position,  and  r^ 
ceded  towards  the  middle  of  the  thorax ;  the  third  has  quite  disappeared, 
seeming  to  have  coalesced  in  part  with  the  second,  and  in  part  with  the  one 
below  it,  as  well  as  with  their  connecting  cords.     The  next  ganglion  (■») 
appears  to  contain  the  nervous  matter — not  only  of  the  fourth  and  fifth  which 
have  evidently  coalesced  to  form  it — but  of  the  sixth  and  seventh,  which 
have  become  obliterated,  though  their  nerves  are  still  given  off  from  the 
cord.     The  remaining  ganglia  have  undergone  but  little  change,  bat  are 
much  smaller  in  proportion  to  the  rest.     This  alteration  is  evidently  coa- 
formable  to  that  which  has  taken  place  in  the  condition  of  the  locomotiTe 
apparatus ;  all  the  legs,  whose  number  is  reduced  to  six  now,  proceeding 
from  the  three  segments  of  the  thorax,  with  which  the  wings  also  are  coi- 
nected. 

657.  We  see,  then,  that  the  tendency  of  the  metamorphosis  is  to  coaect- 
trate  the  ganglionic  portion  of  the  nervous  system  in  the  head  and  tbortf ; 
the  former  being  the  position  of  the  organs  of  special  sensation,  the  latter 
the  situation  of  the  locomotive  apparatus.  A  lateral  concentration  may  he 
frequently  observed,  as  well  as  the  longitudinal  one;  for  whilst  in  aoae 
Lnrvoe  the  two  cords  are  quite  distinct,  and  are  separated  by  a  considerable 
interval,  these  approximate  in  the  Imago  into  a  single  column.  Therein 
many  insects  in  which  the  concentration  is  carried  much  further  than  iothe 
instance  -now  described;  the  abdominal  ganglia  being  almost  eotir^ 
obliterated,  and  the  nervous  centres  restricted  to  the  head  and  thorax.  This 
is  partly  the  case  in  the  Melolontha  (Cockchafer),  whose  thorax  contaiBS 
three  contiguous  ganglionic  masses,  from  which  nerves  radiate  to  the  wiogi 
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and  k'gs,  &nd  othera  pass  backwards  into  the  abdomen,  where  no  ganglia 
erisL  The  prreatest  concentration  exists,  however,  in  the  orders  H&nwp- 
itta  and  Hemiptfra.-^\i  is  interesting  to  observe  that  in  many  Lepidoptera 
and  Ntfmenopfera,  which  are  remarkable  for  rapid  and  powerful  flight,  the 
nerTes  supplying  both  pairs  of  w^ngg  are  nnited  at  their  origins.  On  the 
other  hand,  in  many  Inseets  which  are  not  remarkable  for  Telocity  or  equa- 
bility of  motion,  the  nerves  supplying  each  wing  originate  separately,  and 
have  little  commanicalion Just  as  in  the  larva  of  the  Sphinx;  and  in  the 
Cofeoptera^  in  which  the  upper  pair  or  elixir  a  are  motionless  dnring  flight, 
the  nerves  frequently  remain  entirely  separate.  Hence,  it  is  not  unfairly 
argued  by  Mr.  Newport,  that  this  common  origin  of  the  nerves  is  subserv- 
ient to  the  uniformity  and  equability  of  the  actions  of  the  wings,  required 
in  Insects  of  rapid  and  powerful  flight.  This  arrangement  reminds  us,  on 
the  one  imnd,  of  the  circular  trunk  that  connects  the  nerves  of  the  arms  of 
Octopus  (§  lUG);  and  on  the  other,  of  the  plexiform  arrangement  of  the 
nerves  of  the  extremities  in  the  higher  Tertebrata, 

658.  The  condition  of  the  Nervons  System  in  Crmtacea  presents  a  regn- 
lar  series  of  gradations,  between  the  type  on  which  it  is  constructed  in  the 
Auneltda  and  Myriapoda,  and  one  of  higher  concentration  than  exists  in 
sny  Insect,  The  former  is  seen  in  those,  whose  bodies  display  the  greatest 
equality  of  segmental  di vision ^  and  in  which  there  is  the  greatest  similarity 
in  the  endowments  of  the  several  members;  for  in  such  we  find  the  ganglia 
of  the  ventral  cord  corresponding  in  number  with  the  segments  of  the  body, 
nearly  equal  to  each  other  in  size,  and  placed  at  uniform  distances  one  froca 
another;  and  in  TaUtrus,  we  find  the  distinctness  of  the  two  lateral  halves 
unn^^ually  obvious,  the  two  strands  of  the  ventral  cord  being  separate  along 
I  heir  whole  length,  each  having  its  own  series  of  ganglia,  and  the  ganglia 
which  are  thus  arranged  in  pairs  in  the  saccessire  segments  being  connected 
transversely  by  commissural  bands*  In  the  genus  Aitacm  (lobster  and  cray- 
fish), on  the  other  hand,  we  find  (as  in  Insects)  the  thoracic  ganglia  deve- 
loped to  a  greater  size  than  those  of  the  abdomen,  that  the  locomotive 
tnemijcrs  may  receive  their  due  supply  of  nervous  influence;  but  as  the  tail 
i^  n  powerful  swimming  organ  in  these  animals,  the  difference  is  not  so  great 
ii«  it  would  have  been  if  the  thoracic  members  had  been  the  sole  instruments 
of  locomotion;  and  wc  find  the  last  ganglion,  situated  above  the  anus,  and 
radiating  nerves  to  the  swimming  plates  of  the  tail,  particularly  large,  being 
apparently  made  up  by  the  coalescence  of  the  sixth  and  seventh  abdominal 
ganglia.  In  Pfdtmon  (prawn)/ and  Paiinurus  (rock-lobster),  we  find  a 
GOaleaeenee  of  the  thoracic  ganglia  into  a  long  elliptical  perforated  nervons 
mass;  hut  this  coalescence  reaches  its  greatest  degree  in  the  Crab,  in  which 
all  the  ganglia  of  the  ventral  cord  arc  blended  into  one  large  oval  ganglion, 
with  a  [>erforulioa  in  its  centre,  which  is  situated  near  the  middle  of  the 
under  surfttf^e  of  the  body*  and  from  which  nerves  radiate  to  all  [mrts  of  the 
tniuk,  to  the  legs,  and  to  the  short  taih  The  relative  development  of  the 
cephalic  ganglia  varies  with  that  of  the  organs  of  sense  and  motion  which 
are  situated  in  the  head.  They  usually  appear  to  be  made  up  of  tho«c  of 
the  four  anterior  segments  of  the  head,  from  wliich  proceed  nerves  that  con- 
nect them  with  the  eyes,  the  two  pairs  of  antennae  (the  second  containing 
the  orgun  of  hearing),  and  the  mandibles  ;  whilst  those  of  the  two  poHteriar 
ite^ients  ordinarily  coalesce  with  the  first  ganglion  of  the  ventral  cord,  to 
form  the  great  sub-oesopliagefll  ganglion,  whence  proceed  the  nerves  to  the 
fect-jftws.  There  is  not,  as  in  Insects,  a  distinct  system  of  respiratory 
ncrreg,  these  Wtif  blended  with  those  of  the  general  sensori-moior  appa- 
ratus; but  the  "stomato-gastric^'^ystem  is  here  well  developed,  and  its 
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relations  to  the  irisceral  system  of  Vertebrata  become  apparent— The 
arrangement  of  the  nervous  system  in  the  drrhipeda  is  essentially  the 
same ;  its  chief  peculiarity  consisting  in  the  relatively  small  size  of  the 
cephalic  ganglia,  in  conformity  with  that  low  development  of  the  organs  of 
special  sense,  which  is  characteristic  of  the  adult  state  of  these  animals. 
659.  The  Nervous  System  of  the  higher  Arachnida   exhibits  a  yet 

greater     degree    of 
Fig.  279.  concentration      thaa 

.  that    of    Crnstacet; 

the  cephalic  ganglia 
being  in  still  clocer 
relation  to  the  snbcB- 
sophageal  mass.  Tbe 
former  are  fused  to- 
gether into  a  single 
bi-lobed  gan^^on 
(Pig.  2T9,  j),  \M 
above  the  oesophagn 
(h\  a  little  behiod 
the  mouth;  this  is 
connected  anteriortj 
with  the  eyes  (c)  bj 
as  many  nerves  (i^) 
as  there  are  ocelli; 
and  it  sends  off  tvo 
great  nerves  (/)  to 
the  mandibles;  whilst 
beneath,  it  gives  off  two  peduncles,  which  closely  embrace  the  oesophtgiB 
(A)  and  connect  it  with  the  great  stellate  mass  (m),  which  is  formed  by  the 
fusion  of  all  the  thoracic  ganglia.  From  this  mass,  five  pairs  of  nerves  ire 
given  off  on  each  side ;  the  first  to  the  maxillae  and  their  great  palpi,  and 
the  remainder  to  the  four  pairs  of  legs ;  whilst  posteriorly,  a  double  cord 
(n)  is  sent  backwards  towards  the  abdomen,  where  it  soon  subdivides  (like 
a  ''  Cauda  equina")  into  a  bundle  of  nerves,  which  radiate  to  the  sevenl 
parts  of  the  abdominal  moss.  In  Mygale,  an  additional  small  ganglion  is 
found  upon  the  cord,  anteriorly  to  its  subdivision :  but  this  seems  to  be 
wanting  in  other  Spiders. — In  Scorpions,  however,  the  nervous  system  is 
less  concentrated,  as  might  be  anticipated*  from  the  prolongation  and  the 
more  complete  segmentation  of  their  bodies ;  and  it  bears  somewhat  the 
same  relation  to  that  of  Spiders,  that  the  nervous  system  of  tbe  MacrooroM 
Decapods  bears  to  that  of  the  Brochyourous  (§  658).  The  ganglia  of  the 
thoracic  and  of  part  of  the  abdominal  region  coalesce  into  one  ateUrte 
mass  (Fig.  280,  «),  as  in  Spiders ;  and  this  supplies  the  thorax  and  its 
members,  and  the  anterior  portion  of  the  abdomen,  including  the  pnba*- 
nary  branchiae ;  the  ventral  cord  of  the  posterior  part  of  the  ^idonea, 
however,  has  ganglia  of  its  own  (Fig.  280,  10-16),  which  are  veiy  snal 
in  its  caudal  prolongation.  The  general  distribution  of  the  nerves  pre- 
ceeding  from  these  ganglia  will  be  seen  in  the  accompanying  figure.^ 


Cephalo-thorax  of  Myyalv,  viewed  from  the  left  side  and  con- 
siderablj  enlarged  : — a,  mandible ;  6,  carapace ;  c,  eyes ;  d,  sec- 
tion of  plastron  ;  e,  section  of  lip ;  /,  camerostoma ;  g,  entrance 
to  the  month  ;  h,  oesophagus  ;  i,  commencement  of  stomach  ;  j, 
cephalic  ganglion,  receiving  the  optic  nerves,  k,  and  sending  off 
the  mandibular  nerve,  l\  m,  great  thoracic  ganglion;  n,  ita  ter- 
minal cord. 


>  In  addition  to  Mr.  Newport*8  Memoirs  already  referred  to,  the  following  < 
■  contributions  may  be  named  as  furnishing  much  valuable  information  on  the  KeniM 
System  of  the  Articulata:  De  Quatrefages,  **Sur  le  Syst.  Nerr.  dea  Ann^Udcf,"  A 
**Ann.  des  Sci.  Nat.,"  8*  S^r.,  Zool.,  torn,  ii.,  xlii.,  xlv.,  xviii. ;  Blanchard,  "Sorle 
Syst  Nerv.  des  Insectes,"  op.  cit.,  torn.  y.  ;  Mailer  "Dein  Nerma  Sjmpathiciu  »>2»- 
ges  Nervensystem  der  Eingeweide  bei  den  lusecten,"  in  "  Not»  Acta  Kat  Cmk^" 
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660.  Proceeding  Fig.  280. 

now  to  the  VerU- 
brated  series,  we 
find,  as  heretofore 
pointed  out,  that 
their  Nervous  Sys- 
tem constitutes  a 
far  more  important 
portion  of  the  en- 
tire organism,  than 
it  does  in  any  In- 
yertebrated  animal ; 
and  that,  in  its 
most  characteristic 
forms,  it  combines 
the  locomotive  cen- 
tres of  the  Articu- 
lata  with  the  sen- 
Borial  centres  of  the 
Mollusca ;  possess- 
ing, in  addition  to 
organs,  the  Cere- 
ifim  and  CerehtU 
btm^  to  which  noth- 
ing distinctly  ana- 
logous can  be  de- 
tected in  any  of  the 
inferior  classes. — 
That  which  may  be 
regarded  as  the 
fundamental  por- 
tion of  the  nervous 
q^Btem  in  Verte- 
brata,  is  the  Oranio' 
SpiwElAxis  ;  which 
consists  of  the  Me- 
duUa  Spifudu  or 
Spinal  Oord,  of  its 
anterior  prolonga- 
tion termed  the  Medvlla  Oblongata,  and  of  the  chain  of  Sensory  GangUa 
which  forms  the  superior  continuation  of  the  latter.  The  whole  of  this 
axis  lies  above  the  alimentary  canal;  and  there  is  consequently  no  oesopha- 
geal ring,  like  that  of  Articulated  and  Molluscous  animals ;  but  the  two 
lateral  strands  of  the  cranio-spinal  axis  still  diverge  from  each  other  as  they 
enter  the  cranium,  so  as  to  leave  the  space  which  is  termed  the  fourth  ven- 
inch  (Pig.  281).  This  cavity  communicates  anteriorly  with  the  third  ven- 
tricle, which  separates  the  lateral  halves  of  the  anterior  portion  of  the 
sensorial  apparatus ;  and  posteriorly  with  the  spinal  canal,  which  intervenes 
between  the  two  lateral  halves  of  the  spinal  cord.  This  last,  however,  like 
the  space  between  the  lateral  halves  of  the  ventral  cord  in  the  higher  Arti- 

ton.  ziv. ;  Brandt,  **  Beobachtungen  fiber  die  Systeme  der  Engeweidenerren  der  Evcr- 
tebrmton,"  in  «*MiUler'8  Archly.,''  1836,  and  *<Ann.  des  Sci.  Nat,"  2<i«  S^r.,  2ool.» 
.  V. ;  and  Barmeister,  **  Manual  of  Entomology,"  translated  by  Shuokard,  {  190. 


Nervous  system  of  Androetonut  (Scorpion) :  a,  antennal  nerres ; 
6,  cephalic  ganglia ;  e,  principal  optic  nerves ;  d,  lateral  ocelli  and 
nerves  ;  e,  suboesophagenl  ganglion ;  /,  coxa ;  g,  femur ;  A,  tibia : 
*,  basal  joint  of  tarsas;  2,  3,  second  and  third  joints ;  it,  terminal 
nerves  to  doable  claw  ;  I,  m,  tt,  o,  nerves  to  abdominal  branchia) ; 
p*  <li  r,  9,  nerves  to  the  segments ;  (,  u,  nerves  of  the  eandal  gan- 
glia; r,  terminal  nerves ;  to,  fifth  joint  of  tail ;  r,  anal  collar  ,*  jf,  a, 
termination  of  the  cord  in  the  extremity  of  the  sting;  1  to  9,  nerve- 
trunks  from  the  great  suboesophageal  ganglion ;  10  to  16,  ganglia 
of  the  ventral  cord. 
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calata,  is  nearly  obliterated  in  ^Inn  and  the  Mammalia,  althoagb  suffi- 
ciently distinguishable  in  Fishes. — The  Spinal  Cord  consists  of  a  continnons 
tract  of  gray  matter,  inclosed  within  strands  of  longitadinal 
Fig.  281.  fibres;  and  it  may  thus  be  regarded  as  analogous  to  the 

x/f  ganglionic  chain  of  the  Articulata.     Below  the  medolla 

oblongata,  its  endowments  appear  nearly  similar  ihroagb- 
ont ;  for  all  the  nerves  which  proceed  from  it  are  distri- 
buted to  the  sensory  surfaces  and  to  the  locomotive  organs. 
In  some  Vertcbruta,  whose  form  resembles  that  of  the 
Articulata  (such  as  the  Eel  and  Serpent),  there  is  no  dif- 
ference in  the  size  or  distribution  of  the  several  pairs  of 
nerves,  as  no  extremities  are  developed ;  but  in  other  ci«e$, 
the  size  of  the  trunks  proceeding  to  the  anterior  and  p(»- 
tcrior  extremities  is  much  greater  than  that  of  the  nerves 
given  ofif  from  the  other  segments  of  the  cord;  and  the 
quantity  of  gray  matter  at  their  roots  is  correspondinglj 
increased.    In  these  trunks,  both  afferent  and  efferent  film 
are  bound  up ;  but  they  separate  at  their  roots,  or  janctioa 
with  the  spinal  cord — the  afferent  being  connected  with  the 
side  of  the  cord  nearest  the  surface  of  the  back,  and  the 
motor  with  that  next  the  viscera.     Both  these  roots  hire 
two  sets  of  connections ;  some  of  each  enter  the  gray  sob- 
stance  of  the  cord,  in  which  they  seem  lost;  whilst  otben 
are  continuous  with  the  fibrous  portion  of  the  cord,  tod 
are  thus  put  in  connection  either  with  other  segments  or 
with  the  encephalic  centres.     In  this  respect,  then,  there 
is  a  precise  correspondence  between  the  spinal  column  of 
Yertebrata  and  the  ventral  cord  of  Insects ;  and  in  the 
former,  as  in  the  latter,  does  experiment  indicate,  thtt 
each  segment  of  the  cord  has  a  certain  degree  of  iDd^ 
pendence;  reflex  actions  being  excitable  through  it,  so  long  as  the  ciirie 
of  afferent  and  motor  nerves,  and  their  ganglionic  centre,  are  in  an  active 
and  uninjured  state,  even  though  it  be  completely  separated  from  all  the 
rest. — At  the  upper  portion  of  the  spinal  cord,  however,  there  is  a  series 
of  ganglionic  enlargements,  having  several  distinct  functions.     From  the 
Medulla  Oblongata  proceed  the  chief  nerves  which  are  subservient  to  the 
respiratory  actions,  and  also  those  concerned  in  mastication  and  deglnti- 
tion ;  so  that  this  may  be  regarded  as  combining  the  respiratory  and  the 
stomato-gastric  ganglia. — Above  or  in  front  of  this  again,  we  find  Aodi- 
tory,  Optic,  and  Olfactive  ganglia,  corresponding  to  the  various  subdivisioM 
of  the  cephalic  ganglia  in  the  Invertebrata ;  these  receive  trunks  from  their 
respective  organs  of  sensation,  and  may  probably  be  regarded  as  semond 
centres,  or  seats  of  consciousness  for  the  impressions  which  they  sevoiUr 
transmit.     The  **cranio-spinal  axis"  constitutes  the  whole  nervous  systen 
of  Amphtoxus,  in  which  there  seems  nothing  that  in  the  least  represents! 
Cerebrum  or  Cerebellum;  and  among  the  Cycloitome  Fishes  generally. the 
condition  of  this  apparatus  is  but  little  higher,  save  as  regards  the  liigtf 
development  of  the  sensory  ganglia. 

661.  But  in  all  higher  Vertebrata,  we  find  superimposed  (as  it  were) 
upon  the  Sensory  ganglia,  the  bodies  which  are  known  as  the  ChtW 
Hemispheres  or  Ganglia;  whilst  superimposed  upon  the  Medulla  Oblongiti. 
we  find  the  Cerebellum,  The  former  constitute  the  mass  of  the  Bnin  i» 
the  Mammalia;  covering  in  and  obscuring  the  sensory  ganglia  so  completdj, 
that  the  fundamental  importance  of  these  is  by  no  means  generally  recof- 
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Nervous  centres 
in  Frofj:  A,  olfac- 
tive prnn^Iia :  b, 
ccrebnil  hemis- 
pheres ;  c,  optic 
gnnp^lia;  D,  cere- 
bellum, so  small 
as  not  to  cover  the 
fourth  ventricle. 
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niied.  la  Fishes,  however,  the  proportion  between  the  two  sets  of  centres 
is  entirely  reversed,  the  rudiments  of  the  cerebml  hemispheres  being  asnally 
inferior  in  size  to  the  optic  giinjrHa  aloae-  The  intermediate  classes  pre- 
sent tis  with  a  saccessJon  of  gradfttiona  from  the  one  type  to  the  other*  as 
regards  not  mercij  the  size  of  the  Cerebrnm,  but  also  its  complexity  of 
strnctnre ;  and  a  very  close  relation  may  be  seen  between  the  degree  of  de- 
velopment which  it  exhibits,  and  the  degree  of  TnteUi^eneG  of  the  Epecies. 
It  is  a  point  which  is  especially  worthy  of  note,  that  no  sensory  nerves 
terminate  directly  in  the  Cerebrum,  nor  do  any  motor  nerves  issue  directly 
from  it;  and  there, seems  a  «trong  probability  that  there  is  not  (as  was 
formerly  supposed)  a  direct  continuity  between  any  of  the  nerre-fibres  dis- 
tributed to  the  body,  and  the  medullary  substanee  of  the  Cerebrum.  For 
whilst  the  nerves  of  ** special"  sense  have  their  own  ganglionic  centres,  it 
cannot  be  shown  that  the  nervous  fibres  of  ''generar*  sense,  which  either 
enter  the  cranium  as  part  of  the  cephalic  nerves,  or  which  pass  up  from  the 
cranio-spinal  axis,  have  any  higher  destination  than  the  ganglionic  masses 
termed  Thalami  Opt  in,  which  undoubtedly  form  part  of  the  group  of  sen- 
sorial centres.  So,  the  motor  fibres  which  pass  forth  from  the  cranium, 
cither  into  the  cephalic  nerve-trunks,  or  inta  the  motor  columns  of  the  spina] 
cord,  cannot  be  certainly  said  to  have  an  origin  higher  than  the  Corpora 
Siriata;  which,  like  the  Thalami,  are  most  assuredly  to  be  regarded  as 
ganfrlionic  centres,  possessing  considerable  independence  of  the  Cerebrum, 
though  formerly  regarded  as  mere  appendages  to  it,  And  we  shall  find 
strong  physiological  ground  for  the  belief,  that  the  Cerebrum  has  no  com- 
munieation  with  the  external  world,  otherwise  than  by  the  sensori-motor 
Apparatus  which  ministers  to  the  automatic  actions;  receiving  through  the 
sensory  ganglia  that  conseiousnesa  of  external  objects  and  events,  which  is 
the  spring  of  its  intellectual  or  emotional  operations ;  and  communicating 
its  volnntary  determinations  to  the  motor  part  of  the  same  fi3'stem,  to  be 
worked  out  (so  to  speak)  by  it,  through  the  instrumentality  of  the  muscles 
upon  whicli  it  plays. — The  Cerebellum,  in  like  manner,  presents  n  great 
diflfereuce  in  relative  development  in  the  several  classes  of  Tertebrata  j 
being  iu  the  lowest  a  mere  thin  lamina  of  nervous  matter  on  the  median 
"Ine,  only  partially  covering  in  the  ** fourth  ventricle;"  whilst  in  the  highest 

is  n  mass  of  considerable  sisse,  having  two  lateral  lobes  or  hemispheres, 
iij  nddition  to  its  central  portion.     It  is  connected  with  both  the  anterior 

d  the  posterior  columns  of  the  spinal  eord  ;  and  experiment  leads  to  the 

lief,  that  its  chief  office  is  to  combine  the  individual  actions  of  different 

embers,  into  the  complex  and  nicely  balanced  movements  required  for 

proi^cssion  of  various  kinds,  and,  in  Man,  for  the  execution  of  the  various 

operations  which  liis  intelligence  prompts  him  to   undertake, — Wq  shall 

now  briefly  glance  at  the  relative  development  and  position  of  these  parts, 

the  different  classes  of  Tertebrata, 

^62.  Commencing  with  Ftshe&,  we  find  a  series  of  foor  distinct  gangli- 
onic mas!^es,  arranged  in  a  line  which  is  nearly  continuous,  from  behind 
forwards,  with  that  of  the  Spinal  Cord;  of  these,  the  -  posterior  is  usually 
single  and  on  the  median  plane,  whilst  the  others  are  in  pairs. — L  The 
posterior  (Fig.  282,  tt),  from  its  position  and  connections,  is  evidently  to 
be  regarded  in  the  light  of  a  Ckreheiium;  and  it  bears  a  moeh  larger  pro- 
portion  to  the  rest,  in  this  class,  than  in  any  other. — 2.  The  pair  in  front 
of  this  (c)  are  not  the  hemispheres  of  the  Cerebrum,  as  their  large  size  in 
some  instances  (the  Cod,  for  Instance)  might  lead  us  to  suppose ;  but  they 
are  immediately  conneetcd  with  the  Optic  nerves,  which,  in  fact,  terminate 
in  tbera  ;  and  they  are  therefore  to  be  considered  (like  the  chief  part  of  the 
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cephalic  masses  of  Invertebrated  animals)  as  Optic  lobes  or  ganglia.  Thej 
seem,  however,  in  some  degree  to  represent  also  the  Thalami  OpHci  of 
higher  animals,  as  will  be  seen  in  the  next  paragraph — 3.  In  front  of  these 
(b)  are  the  bodies  usually  considered  as  representing  the  Cerebral  Hemi- 
spheres; which  are  small,  generally  destitute  of  convolutions,  and  possess- 
ing no  ventricle  in  their  interior — except  in  the  Sharks  and  Rays,  in 
which  they  are  much  more  highly  developed  than  in  the  Osseous  fislies. 
In  the  latter,  in  fact,  these  bodies  seem  to  be  the  homologues  of  the  portion 
of  the  mass  lying  beneath  the  ventricle  in  the  higher  Cartilaginous  fishes, 
which  is  obviously  the  representative  of  the  Corpus  Striatum  ;  so  that, 
among  ordinary  Fishes,  there  is  little  or  no  trace  of  the  true  Cerebrum  or 
Hemispheric  ganglion,  which  makes  its  first  appearance  in  the  tribe  most 
distinguished  by  the  elevation  of  its  general  structure. — 4.  Anterior  to 
these  is  another  pair  of  ganglionic  enlargements  (a),  from  which  the  01- 


Pike. 


Cod. 


Fig.  282. 


Fox-shark. 
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Brains  ot  Fi9he9 : — A,  olfactive  lobes  or  ganglia;  B,  cerebral  heoiivphcres  ;  c,  optie  lob«; 
D,  cerebellum  ;  ol,  olfactory  ncrvo  ;  o/>,  optic  nerve;  /)a,  patheticas  ;  mo,  motor  oeali ;  ai,ib- 
ducens  ;  fri,  trifacial ;  /a,  facial ;  au,  auditory ;  tag^  vogus ;  rf,  tuberolea  or  ^DglU  of  tbe  tri- 
facial ;  fr,  tubercles  of  the  vagus. 

factory  nerves  arise  ;  and  these  are,  therefore,  correctly  designated  as  the 
Olfactive  ganglia.  In  some  instances,  these  ganglia  are  not  immediitdj 
seated  upon  the  prolonged  spinal  cord,  but  are  connected  with  it  by  long 
peduncles ;  this  is  the  case  in  the  Sharks ;  and  we  are  thus  led  to  percdre 
the  real  nature  of  th^  portion  of  the  trunk  of  the  Olfactory  nerve  in  Mil, 
which  lies  within  the  cranium,  and  of  its  bulbous  expansion  on  the  ethmoid 
bone. — ^Besides  these  principal  ganglionic  enlargements,  there  are  ofte» 
smaller  ones,  with  which  other  nerves  are  connected.  Thus,  in  the  Shsrk, 
we  find  a  pair  of  tubercles  of  considerable  size,  at  the  origin  of  the  Tri- 
facial nerves ;  and  another  pair,  in  most  Fishes,  at  the  roots  of  the  Tigl 
In  some  instances,  too,  distinct  Auditory  ganglia  present  themselves;  « 
in  the  Carp. — The  Spinal  Cord  differs  much  in  its  proportions  in  diffemt 
tribes  of  this  class.     In  the  Eel,  and  other  Vermiform  fishes,  it  is  of  neariy 
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UDiform  size  throughout ;  anci,  In  the  lowest  of  these,  the  cephalic  ganglia 
are  scarcely  more  promineot  than  are  those  of  the  leech  or  caterpillar.  In 
proportion  as  distinct  locoraotlve  members  are  dereloped,  do  we  find  en- 
largements of  the  spinal  cord  corresponding  with  the  origins  of  tbeir  nerves, 
just  as  in  the  ganglionic  column  of  Insects ;  and  where  the  anterior  mem- 
bers are  very  powerful,  as  in  the  Tngla  (gurnard),  these  enlargements  have 
an  evidently  ganglionic  clmraeter*  In  such  species  as  the  Lophius  (frog- 
fish),  in  whicli  the  nntritive  system  is  enormously  developed  at  the  expense 
of  activity  of  locomotion,  and  the  animal  is  thus  constructed  more  upon 
the  Molluscous  type,  the  nervous  centres  are  confined  to  the  neighborhood 
of  tbe  head ;  for  the  true  spinal  cord  soon  separates  into  a  bundle 


I 

of  tbe  head ;  for  the  true  spinal  cord  soon  separates  into  a  bundle  o£^^ 

I      nerves,  or  **  Cauda  equina,"  which  act  ouly  as  coudnetors.  ^H 

663.  Although  the  Optic  Lobes  of  Fishes  are  chiefly  to  be  compard^^ 
with  the  Tabercula  Quadrigemina,  which  are  the  real  ganglia  of  the  Opt9^| 
nerrps  in  hiyhiir  Vpr^f^hrnfii   Hi*»ir  fitiii.lfvcrv  ir  tint  fto  rf^Atnnlpti*  tn  tlif*cn  hntVtaa^^ 


nerves  in  higher  Vertebrata,  their  analogy  is  not  so  complete  to  these  bodies; 
in  the  fully  formed  Brain  of  Man,  as  it  is  to  certain  parts  which  occupy  their 
place  at  an  earlier  period.  The  "third  ventricle,^'  which  is  quite  distinct 
from  the  Corpora  Qnadrigemina,  is  hollowed  out,  as  it  were,  from  the  floor 
of  the  Optic  Lobes  of  Fishes,  and  the  '*  anterior  commissure^'  bounds  its 
front ;  hence,  these  must  be  considered  as  analogous  to  the  Thalarai  Optici 
and  parts  surrounding  the  third  ventricle,  as  well  as  to  the  Corpora  Quad: " 
l^emina.  This  is  made  evident  by  the  fact,  observed  by  Miiller,  that,  in  t 
Lamprey,  the  Optic  Lobes  of  other  Fishes  are  represented  by  two  pairs  of 
g-anglionic  centres ;  the  one,  which  incloses  the  third  ventricle,  being  the 
homologue  of  the  Thalami  Optici  of  higher  animok;  and  the  other,  in  which 
the  optic  nerves  chiefly  terminate,  being  the  representative  of  their  Corpora 
Quadrigemina,  With  this  condition,  the  early  state  of  the  Brain  in  the  em- 
bryo of  the  Bird  and  Maramiferous  animal^  and  even  in  Man  himself,  bears 
a  Y%Tj  close  correspondence.  The  Encephalon  consists,  at  this  time,  of  a 
»eries  of  vesicles,  arranged  in  a  line  with  each  other  (Fig.  26^) ;  of  which 
those  that  represent  the  Cerebrum  are  the  smallest,  whilst  that  which  repre- 
sents the  Cerebellum  is  th^  largest.  The  latter  (or  Epencephalim)^  as  in 
Fishes,  is  single,  covering  the  fourth  ventricle  on  the  dorsal  surface  of  the 
Medulla  Oblongatii.  Anterior  to  this,  is  the  single  vesicle  of  the  Corpora 
Quadrigemina  (or  Mestncephahn),  from  which  the  Optic  Nerve  chiefly  arises ;i 
this  has  in  it^  interior  a  cavity,  the  ventricle  of  Sylvius,  which  exists  even  in 
tlie  adult  Bird,  where  the  Corpora  Quadrigemina  are  pushed  from  each  other, 
as  it  were,  by  the  increased  development  of  the  Cerebral  hemispheres.  In 
front  of  this  is  the  vesicle  of  the  Third  Tc utricle  (or  Deutencephahm),  which 
contains  also  the  Thalami  j  as  development  proceeds,  this,  like  the  preced- 
ing, is  covered  by  the  enlarged  hemispheres  j  whilst  its  roof  becomes  cleft 
anteriorly  on  the  median  line,  so  as  to  form  the  anterior  entrance  to  the 
cavity.  Still  more  anteriorly  is  the  double  vesicle  (or  Prosencephalon), 
which  represents  the  hemispheres  of  the  Cerebrum ;  this  has  a  cavity  on 
each  side,  the  floor  of  which  is  formed  by  the  Co^^pora  Striata.  The  cavity 
of  the  cerebral  vesicles  has  at  first  no  opening,  except  into  that  of  the  third 
Tentricle  ;  at  a  later  period  is  formed  that  fissure  on  the  interior  and  pos- 
terior side,  which  (under  the  name  of  the  fissure  of  Sylvius)  enables  the 
membranes  enveloping  the  brain  to  be  reflected  into  the  lateral  ventricles. 
— ^Thns  it  will  be  seen  that  the  real  analogy  between  the  brain  of  the  Unman 
foetus  and  that  of  the  adult  Fish,  is  not  so  close  as,  from  the  resemblance 
in  their  external  form,  might  have  been  supposed.  In  the  small  proportio0 
which  the  Cerebral  Hemispheres  bear  to  the  other  parts,  there  is,  iadeed. 
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very  close  correspondence;  and  this  extends  also  to  the  general  simplicity 
of  their  structnre,  the  absence  of  convolutions,  and  the  deficiency  of  com- 
missures. But  there  is  a  much  nearer  analogy  between  the  foetal  hram  of 
the  Fish,  and  the  foetal  brain  of  the  Mammal ;  indeed,  at  the  earliest  period 
of  their  formation,  they  could  scarcely  be  distinguished ;  during  their  advance 
to  the  permanent  condition,  however,  each  undergoes  changes,  which  are  so 
much  more  decided  in  the  higher  animals  than  in  the  lower,  that  in  the  latter 
there  seems  comparatively  little  departure  from  the  foetal  type,  whilst  in  the 
former  the  character  of  the  organ  appears  entirely  changed. 

6G4.  We  have,  then,  in  Fishes,  and  in  the  early  Human  embryo,  this 
remarkable  condition  of  the  Encephalic  mass — ^that  it  is  evidently  made  up 
of  a  series  of  distinct  ganglionic  centres,  of  which  the  portions  representing 
the  Cerebral  Hemispheres  are  usually  the  smallest,  being  obviously  an  ad- 
dition to  the  remainder,  whose  existence  is  independent  of  them.     Thus,  in 
passing  from  before  backwards,  we  meet  first  with  the  Olfactive  ganglia; 
2d,  with  the  Corpora  Striata,  overlaid  with  the  mere  rudiment  of  a  Cerebrom; 
3d,  with  the  Thalami  Optici,  inclosing  the  third  ventricle ;  4th,  with  the 
Corpora  Quadrigemina,  or  proper  Optic  Ganglia ;  and  5tb,  with  the  Cer^ 
bellum.     Besides  these,  we  have  centres  for  the  Anditory  and  Gustatire 
nerves,  or  proper  Auditory  and  Gustative  ganglia,  lodged  in  the  Medolla 
Oblongata.     All  these  ganglionic  centres  have  their  own  distinct  connec- 
tions with  the  Medulla  Oblongata ;  except  the  Hemispheres,  which  do  not 
appear  to  communicate  with  it,  except  through  the  medium  of  the  bodies 
on  which  they  are  superimposed.    We  shall  probably  form  the  most  correct 
view  of  their  relations,  if,  excluding  the  Cerebrum  and  Cerebellum,  we  regard 
them  as  collectively  homologous  with  the  Cephalic  ganglia  of  Invertehrated 
animals,  which,  as  wc  have  seen,  are  the  immediate  centres  of  the  nerves  of 
sensation,  and  are  connected  with  the  ganglia  in  the  trnnk  by  fibroas  cords 
which  represent  the  Medulla  Oblongata.    The  size  of  the  Cephalic  ganglit, 
in  the  higher  Invertebrata,  is  chiefly  dependent  upon  the  development  of  the 
visual  organs,  which  are  the  principal  guides  in  the  movements  of  these 
animals ;  but,  as  Mr.  Newport's  researches  on  their  embryonic  development 
have  shown,  they  are  really  composed  of  several  pairs  of  distinct  ganglionic 
centres  (§  654)  ;  and  it  is  interesting,  also,  to  remark  that  the  situation  of 
the  rudimentary  organ  of  hearing  in  the  Nudibranchiate  Mollusca  is  pre- 
cisely analogous  to  that  of  the  Auditory  ganglion  in  the  Vertebrata,  the 
auditory  sacculi  being  lodged  in  the  posterior  lobes  of  their  cephalic  ganglia. 
The  Optic  and  Olfactive  ganglia  of  Vertebrated  animals  receive  nerves  of 
sensation  from  the  organs  situated  in  their  neighborhood,  and  seem  to  give 
off  motor  nerves  in  the  fibrous  peduncles  which  connect  them  with  the  motor 
tract  of  the  Medulla  Oblongata.    The  Thalami  Optici  and  Corpora  Striita, 
on  the  other  hand,  appear  to  be  the  ganglionic  centres  of  fibres  enHrir 
transmitted  through  the  Spinal  Cord,  as  they  do  not  directly  receive  or  gire  of 
any  nerve-trunks,  save  that  the  former  receive  some  of  the  roots  of  the  Optic 
nerve ;  and  the  special  connection  of  the  former  with  the  Sensory  tract,  vA 
of  the  latter  with  the  Motor,  with  other  reasons  hereafter  to  be  given,  l€«d 
to  the  belief  that  these  are  the  ganglionic  centres  of  "common"  or  tactile 
sensations,  and  of  the  movements  immediately  excited  by  them ;  whilst  the 
passage  of  some  of  the  filaments  of  the  Optic  Nerve  into  the  Thalami,  mij 
not  improbably  be  interpreted  as  ministering  to  that  peculiarly  intimite 

connection,  which  exists  between  the  senses  of  Sight  and  Touch. Thus,  we 

may  consider  this  series  of  ganglionic  centres  as  forming,  with  the  Spinal 
Cord  (of  which  they  constitute  the  encephalic  representation),  an  automatie 
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apparatus,  exactly  comparable  witli  tbat  of  the  Insect;  and  on  thte  the  Cere- 
brum is  superimposed,  ia  such  a  manner  as  to  be  obnously  aa  iadopendent 
org"an,  receiving'  its  stimulus  to  action  from  the  sensorial  centres,  and  trans- 
mitting its  motor  impulses  through  the  same  channel. 

665.  The  Brain  of  licptiles  does  not  show  any  considerable  advance  in 
its  (general  structure  above  that  of  Fishes ;  but  the  Cerebral  HemisphereSp 
are  usually  much  larger  in  proportion  to  the  optic  lobes ;  whilst  the  Cere- 
bellum is  smaller  (Fig.  283).  The  Tery  low  develop- 
meut  of  the  Cerebellum  is  especially  seen  in  the  Frog 
(Fig,  2Bl)f  in  which  it  is  so  small  as  not  even  to 
cover  in  the  **  fourth  Ycntricle  ;*^  but  it  is  common  to 
nearly  the  whole  group.  The  deficiency  in  commis^ 
sure 8  stiil  exists  to  a  great  extent.  The  *'  anterior 
commissure"  in  front  of  the  *Hhird  Tentriele,"  is  the 
only  uniting  band  which  can  be  distinctly  traced  in 
Fishes;  and  Reptiles  have,  in  addition  to  this,  a  layer 
of  uniting  fibres  which  maybe  compared  to  the  *' for- 
nix ;"  but  as  yet,  there  is  no  vestige  of  a  true  "  corpus 
callosumj"  or  great  transverse  eommissnre  of  the 
Hemispheres.  The  distinction  between  the  tubercula 
qnadrigemina,  and  the  parts  inclosing  the  third  ven- 
tricle, is  more  obvious  than  in  Fishes;  in  fact,  the 
optic  ganglia  of  Reptiles  correspond  pretty  closely 
with  the  vesicle  of  the  tnbercn!a  quadrigemina,  or 
mesencephalon^  in  the  brain  of  the  foetal  Mammal — 
The  Nervous  Centres  of  Batrachta,  like  all  their 
other  organs,  present,  in  the  Tadpole  state,  the  cha- 
racters of  those  of  Fishes;  and  these  are  partly  re- 
tained by  the  *'perenni'branchiate"  species  during 
the  whole  of  their  existence.  In  the  Frog  and  its 
n]Iie«,  however,  the  Eneephalon  acquires  the  Reptilian 
tyjie ;  and  a  marked  change  takes  place  in  the  condi- 
tion of  the  Sj)inal  Cord.  For  in  the  Tadpole  condition,  this  organ  is 
elongated,  and  of  nearly  uniform  size  throughout;  but  in  proportion  as  the 
tail  is  atrophied  and  the  extremities  are  developed,  do  we  find  the  spinal 
cord  relatively  shortened  f  and  presenting  enlargements  at  the  parts  in  which 
the  nerves  of  the  limbs  originate,  especially  those  of  the  posterior  extre- 
mities. Similar  enlargements  are  seen  in  Turtles,  in  connection  with  the 
nerves  of  both  the  anterior  and  posterior  extremities,  which  take  a  nearly 
equal  share  in  the  general  movements  of  the  body.  On  the  other  hand,  in 
Serpents,  as  in  Eels  and  other  snake-like  Fishes,  the  Spinal  Cord  is  of  nearly 
nniform  size  throughout;  and  as  it  gives  off,  in  some  instances,  more  than 
300  pairs  of  nerves,  it  is  obvious  that  only  a  very  small  proportion  of  their 
fibres  can  have  any  direct  connection  with  the  Eneephalon,  through  the 
longitadinal  strands  of  the  Medulla  Oblongata. 

G66.  In  the  Brain  of  Btrdi  (Fig.  284),  our  attention  is  at  once  attracted 
by  the  increased  development  of  the  Cerebral  Hemispheres,  which  extend 
forwards  so  as  to  conceal  the  Olfactive  ganglia,  and  arch  backwards  so  as 
partly  to  cover  the  optic  ganglia  (here  called  the  Corpora  Bigemina),  which 
are  separated  from  each  other  and  thrown  to  either  side,  being  now  quite 
dl«;tinct  from  the  Thalami  Ojitici,  The  Cerebellura  also  is  much  increased 
In  sijce,  proportionably  to  the  Medulla  Oblongata  and  \U  ganglia ;  and  it  is 
sometimes  marked  with  transverse  lines,  which  indicate  the  intermixture  of 
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Tig.  SSL  gray  and  white  matter  in  its  substance ;  there 

is  as  yet,  however,  no  appearance  of  a  diri- 
sion  into  hemispheres.  On  drawing  apart 
the  hemispheres  of  the  Cerebrum,  the  Cor- 
pora Striata,  Optic  Thalami,  and  Corpora 
Bigemina  or  Optic  Ganglia,  are  seen  beneath 
them ;  and  their  collective  size  still  bears  a 
considerable  proportion  to  that  of  the  whole 
Encephalon.  The  Optic  Ganglia  are  still 
hollow,  as  they  are  in  the  embryo  condition 
of  Man.  Indeed,  the  Brain  of  the  Human 
foetas,  aboat  the  twelfth  week  (Fig.  285,  b), 
will  bear  comparison,  in  many  respects,  witfi 
that  of  the  Bird.  The  Cerebral  hemispheres, 
much  increased  in  size,  and  arching  htmk 
over  the  Thalami  and  Optic  gangUa,  but 
destitute  of  convolntions,  and  imperfecdj 
connected  by  commissures — ^the  large  csTitj 
still  existing  in  the  Optic  ganglia,  and  fireeif 
communicating  with  the  third  ventricle — and  the  imperfect  evolution  of  the 
Cerebellum — ^make  the  correspondence  in  the  general  condition  of  the  two 
very  considerable. 

Fig.  286. 


Brain  of  Buxxard :  the  olfmetiTe 
ganglia  are  concealed  beneath  b,  the 
hemitpheret;  c,  optic  ganglia;  D, 
eerebeUam ;  g,  pineal  gland. 


Earlj  Stages  of  Development  of  Human  Brain  :  ▲,  at  7th  week ;  B,  at  12th  week;  c,  at  Uth 
-a,  cerebral  hemispheres ;  b,  corpora  striata ;  e,  corpora  quadrigemina ;  d,  eerebeUoo. 


667.  The  Brain  of  the  lower  Mammalia  presents  but  a  slight  advance 
upon  that  of  Birds,  in  regard  both  to  the  relative  proportions  of  its  parts, 
and  to  their  degree  of  development.  Thus,  in  the  Marsuptedia,  the  Hemi- 
spheres exhibit  scarcely  any  convolutions ;  the  great  transverse  commissure, 
or  ''  corpus  callosum,"  is  deficient ;  and,  as  in  all  the  Oviparous  Yertehrata, 
the  rudimentary  Cerebrum  represents,  not  the  entire  cerebrum  of  Man,  bat 
its  anterior  lobe  only.  There  is  gradually  to  be  noticed,  however,  in  ascend- 
ing the  scale,  a  backward  prolongation  of  the  Cerebral  hemispheres,  so  thtt 
first  the  Optic  ganglia,  and  then  the  Cerebellum,  are  covered  by  them;  ttd 
this  extension  corresponds  with  the  development  of  the  middle  lobe  and  its 
great  commissure.  The  Cerebellum  partly  shows  itself,  however,  in  all  bit 
the  Quadrumana,  when  we  look  at  the  brain  from  above  downwards ;  in  the 
Rodentia  (Figs.  286,  287),  which  are  in  this  respect  among  the  lowest  of 
the  Placental  Mammalia,  nearly  the  whole  of  the  Cerebellum  is  uncovered. 
In  proportion  to  the  increase  of  the  Cerebral  hemispheres,  there  is  a  dimino- 
tion  in  the  size  of  the  ganglia  immediately  connected  with  the  organs  of 
sense ;  and  this  in  comparison,  not  only  with  the  rest  of  the  EncepbaloBi 
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bat  cTen  with  the  Spinal  cord  ;  so  tbat  in  Man  the  Tubercula  Qnadrigemina 
are  absolatelj  smaller  than  they  are  in  many  animals  of  far  inferior  size. 
The  internal  structure  of  the  Ilcraispheres 
becomes  more  complex,  in  the  same  propor- 
tion as  their  size  and  the  depth  of  the  con- 
volutions bcrease;  and  in  Man  all  these 
conditions  present  themselves  in  a  far  higher 
degree  than  in  nnj  other  animal.  In  fact^  it 
IB  only  among  the  Ilnminantia^  Paehjder- 
luatfl,  Camivora,  and  Quadrumana,  that 
regular  convolutions  can  he  said  to  exists 
and  it  is  only  in  the  higher  Carnivora  and 
Quadmmana,  that  there  is  any  indication  of 
the  existence  ofposieHor  lobes  ;  the  presence 
of  which  is  marked  by  the  development  of 
the  posterior  cornna  of  the  lateral  ventricles, 
and  by  the  position  of  the  hippocampus  ma- 
jor. All  these  phases  are  distinguishable  in 
the  development  of  the  brain  of  the  Human 
embryo ;  for  up  to  the  end  of  the  third  month 
(Fig.  285,  b),  the  hemispheres  present  only 
the  rudiments  of  anterior  lobes,  and  do 
not  even  cover  in  the  thalami ;  during  the 
fourth  and  part  of  the  fifth  months^,  the  middle  lobes  are  developed  on  their 
posterior  aspect,  and  cover  the  tnbercula  qnadrigcmina  (Fig.  28S)  j  and 


Brum  of  ^yHiVre/,  laid  open ;  it® 
hetaii!pbere«r  Bj  being  drnwo  to 
either  ii4«,  to  ihtfW  the  pisbjaceiit 
parts ;  c,  tho  optie  bbe^ ;  p^  cere- 
belluTD  ;  thrti*  Ih  at  Am  IIS  uptkut ;  c, 
«,  eorpui  itrUtuD). 


Tig.  267, 


•atL 


rp|>or  iLnd  under  anrfnea  af  Bm'm  of  linihit^  a,,  b,  it,  na  before;  oI|  (>lfiioUt«  1ab«9j  ap^ 
oplle  nerve  j  mo,  motor  oaull ;  cmt  eorpotA  mfltaillnrla;  e  e,  crti«  cerebri  |  /it>t  [K^na  tiLrolii ;  pdf 
pathctieuB  i  (rif  tHBieial ;  a&,  a,bducflD8 ;  /aCf  faciiLl ;  a m,  aadilor;  ;  tafff  yuLgus  1 1^  «|jmid  acaei- 
90TJ ;  hypf  hypogbswU 

the  posterior  lobes»  of  which  there  was  no  previous  rudiment,  sabseqnentlj 
begin  to  sprout  from  the  buck  of  the  middle  lobes,  remaining  separated 
from  them  by  a  distinct  furrow,  however,  even  in  the  brain  of  the  malnre 
fcetus,  and  sometimes  m  that  of  older  persons, — The  correspondence  between 
the  balbons  expansion  of  the  Olfactire  nerves  in  Mammalia,  and  the  Olfac- 
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tive  lobes  of  the  lower  Vertebrata,  is  made  evident  by  the  presence,  in  both 
instances,  of  a  cavity  which  communicates  with  the  lateral  ventricle  on  each 
side ;  it  is  in  Man  only,  that  this  cavity  is  wanting.  The  external  form  of 
the  Corpora  Qoadrigemina  of  Mammalia,  differs  from  that  of  the  Optic 

Fig.  288. 


Moro  advanced  Stages  of  Development  of  Human  Brain:  A,  at  21  st  week  ;  b,  at  27th  week: 
a,  o,  cerebral  hemispheres;  c,  corpora  quadrigemina;  d,  cerebellam ;  e,  thalamus  opticas. 

ganglia  of  Birds,  owing  to  the  division  of  the  former  into  anterior  and  pos- 
terior eminences  (the  nates  and  testes)  ;  and  there  is  also  an  internal  dif- 
ference, occasioned  by  the  contraction  of  the  cavity  or  ventricle,  which  now 
only  remains  as  the  ''aqueduct  of  Sylvius."  The  Auditory  ganglia  ire 
lodged  in  the  substance  of  the  Medulla  Oblongata,  forming  the  '*  gray  nuclei'* 
of  the  "posterior  pyramids;"  and  similar  nuclei  in  the  *' resti form' bodies'* 
are  the  ganglionic  centres  of  the  Glosso-pharyngeal  nerves,  and  probably, 
minister  to  the  sense  of  Taste. — The  Cerebellum  is  chiefly  remarkable  for 
the  development  of  its  lateral  parts  or  Hemispheres ;  the  central  portion, 
sometimes  called  the  "vermiform  process,"  is  relatively  less  developed  than 
in  the  lower  Vertebrata,  in  which  it  forms  the  whole  of  the  organ. 

668.  Thus,  when  we  analyze  the  entire  Cerehro- Spinal  system  of  Verte- 
brata, we  find  that  it  may  be  resolved  into  the  following  fundamentaUy  dis- 
tinct parts:  1.  A  system  of  ganglia  subservient  to  the  reflex  actions  of 
the  organs  of  locomotion,  and  corresponding  with  the  chain  of  pedal  or 
locomotive  ganglia  that  makes  up  the  chief  part  of  the  ventral  cord  of  tie 
Articulata ;  in  this  system,  the  gray  or  vesicular  matter  forms  one  con- 
tinuous tract,  which  occupies  the  interior  of  the  Spinal  Cord.  2.  A  gin- 
glionic  centre  for  the  movements  of  respiration,  and  another  for  tho« 
oi mastication  and  deglutition;  these,  with  part  of  the  preceding,  makeup 
the  proper  substance  of  the  Medulla  Oblongata,  3.  A  series  of  gaiiglii» 
in  immediate  connection  with  the  organs  of  Special  Sense  ;  these  are  situ- 
ated within  the  cranium,  at  the  anterior  extremity  of  the  Medulla  Oblong- 
ata ;  and  in  the  lowest  Vertebrata,  they  constitute  by  far  the  largest  po^ 
tion  of  the  entire  Encephalon.  4.  The  Cerebellum,  which  is  a  sort  of 
off-shoot  from  the  upper  extremity  of  the  Medulla  Oblongata,  lying  behittl 
the  preceding.  5.  The  Certbral  Hemispheres,  a  pair  of  ganglionic  masses, 
which  lie  upon  the  ganglia  of  special  sense,  capping  them  over  more  <ff 
less  completely,  according  to  their  relative  development. — ^Of  these,  the 
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first  three  may  be  considered  as  constithting  tbe  essential] j  auiomattc  por- 
tion of  the  nervous  centres  j  whilst  the  Cerebrum  is  cerLainljr  the  original 
source  of  all  voluntary  mov^meuts ;  aad  the  Cerebellum  seems  to  contribute 
to  the  adjustment  and  combination  of  the  indiyidual  acts,  by  which  the 
directions  of  the  Will  are  workcii  out,  through  the  iufitrumeiitality  of  the 
aotomatic  apparatus^  in  the  manner  to  he  presently  explained, 

669.  The  deYclopmcnt  of  the  Sffmpathelic  or  YUceral  system  of  nerves 
in  the  yeitcbrated  classes,  ad¥anccs  pmi  passu  with  that  of  the  Cerchro- 
Bpinal  j  from  which  it  gradually  becomes  more  distinct,  la  many  Blshes, 
as  in  the  Invertebrata,  the  two  are  so  blended  that  it  is  diBSeult  to  sepa- 
rate them,  the  visceral  nerves  appearing  to  be  derived  exchi.sively  from  the 
cerebro-spinal  system;  but,  as  we  agcend  the  scale,  the  former  is  seen  to 
possess  centres  of  its  own  ;  and  ia  Mammalia,  it  becomes  a  system  of  great 
complexity,  having  two  large  ganglia  (the  Semilunar)  in  the  abdomen, 
from  which  filametits  are  distributed  to  all  the  digestive  organs^  besides  & 
regular  series  along  the  spine.  It  communicates  with  each  of  the  spinal 
nerves  near  their  roots,  as  well  as  with  most  of  the  cerebral ;  and  inter- 
changes filaments  with  them.  It  forms  a  plexus  which  is  minutely  dis- 
tributed npon  the  large  vascular  trunks,  and  which  probably  accompanies 
their  ramifications  into  every  part  of  the  system. 

6T0.  It  is  ill  Yertcb rated  animals,  that  we  meet  with  the  greatest  com- 
plexity in  the  actions  of  the  Nervous  system,  and  that  we  experience  the 
t-greatest  difficulty  in  determining  the  attributes  of  each  of  its  partn.  This 
ris  due,  on  the  one  hand,  to  the  increased  variety  in  its  modi  operandi ;  for 
whilst  the  actions  of  the  lower  tribes  belong  for  the  most  part  to  the  Auto- 
matic group,  many  of  those  of  Tertebrata  are  dependent  upon  Voluntary 
determinations,  and  some  upon  Emotional  impulses ;  and  it  is  not  always 
easy  to  assign  their  tme  source.  On  the  other  band,  a  difficulty  arises  out 
of  the  pecuharity  in  the  arrangement  of  their  several  ganglionic  centres, 
which  are  for  the  most  part  combined  together  in  one  continuous  mass,  so 
that  they  cannot  be  isolated  one  from  another  without  the  infliction  of  such 
injuries  as  must  considerably  interfere  with  the  performance  of  their  appro- 
priate actions.  Still,  taking  Nature  as  our  guide,  and  availing  ourselves 
of  the  experiments  which  she  hag  prepared  for  us  in  the  different  natural 
combinations  of  these  ganglionic  centres,  it  seems  possible  to  attain  to  very 
definite  concIusi<jn.s  in  regard  to  all  the  most  general  questions  involved  jn 
the  inquiry ;  and  to  these  alone  wiU  it  be  desirable  for  us  here  to  restrict 
ourselves. 

671.  The  CramQ* Spinal  Axis — including  the  Spinal  Cord,  Medulla  Ob- 
longata, and  Sensory  Ganglia — may  be  considered  as  the  representative  of 
the  entire  nervous  system  of  Articulated  animals  (save  of  that  portion 
which  is  homologous  with  the  Sympathetic);  and,  like  it,  seems  to  be  the 
centre  of  all  the  movements  which  may  be  designated  as  automatic.  Al- 
though it  was  long  held  as  a  physiological  truth,  that  the  principal  part  of 
the  Sensory  fibres  passes  up  to  the  gray  matter  which  forms  the  surface  of 
tbe  Cerebral  hemispheres,  and  that  the  fibres  which  are  subservient  to 
Yoluutary  Motion  originate  in  the  same  situation,  and  pass  downwards 
through  the  spinal  cord  and  nerve-trunks  to  the  muscles ;  yet  anatomical 
inquiry  fails  to  sanction  such  a  doctrine,  and  tends,  concurrently  with  the 
results  of  physiological  investigation,  to  the  conclusion  that  no  sensory 
tibrcs  pass  upwards  beyond  the  chain  of  sensory  gaugiia  (including  the 
tbalami  optici),  and  that  no  motor  fibres  really  originate  from  any  higher 
point  than  the  corpora  striata.  With  this  chain  of  ganglionic  centres, 
which  constitutes  the  real  semorinmj  the  vesicular  matter  of  the  Cerebral 
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or  Hemispheric  ganglia  is  connected,  by  that  vast  collection  of  fibres  which 
radiate  from  their  central  portion  to  their  surface ;  but  these  fibres  may  be 
regarded  as  simply  commissural,  connecting  the  gray  matter  of  the  cerebral 
surface  with  the  thalami  optici,  corpora  striata,  and  other  ganglionic  cen- 
tres, whose  endowments  are  altogether  distinct  It  is,  then,  in  the  Cranio- 
spinal Axis,  that  all  the  aflferent  and  sensory  nerves  terminate  ;  and  it  most 
be  through  it,  therefore,  that  the  Cerebrum  is  acted  upon  by  external  im- 
pressions. On  the  other  hand,  it  is  in  the  same  Axis  that  all  the  motor 
nerves  originate ;  and  it  must  be  through  it,  therefore,  that  the  Cerebrum 
is  brought  into  communication  with  the  Muscular  apparatus. 

672.  That  this  Cranio-Spinal  Axis  is  a  distinct  centre  of  antomatic 
action,  and  does  not  derive  its  power  (as  formerly  supposed)  from  the  Cere- 
brum, is  made  evident  by  a  variety  of  considerations.  Thus,  Infants  are 
sometimes  born  without  any  Cerebrum  or  Cerebellum  ;  and  such  have  ex- 
isted for  several  hours  or  even  days,  breathing,  crying,  sucking,  and  per- 
forming various  other  movements.  The  Cerebrum  and  Cerebellum  hare 
been  experimentally  removed  from  Birds  and  young  Mammalia,  thus  reduc- 
ing these  beings  to  a  similar  condition ;  and  all  their  vital  operations  have, 
nevertheless,  been  so  regularly  performed,  as  to  enable  them  to  live  for 
weeks,  or  even  months.  In  the  Amphioxiis,  as  already  stated  (§  660),  we 
have  an  example  of  a  completely  formed  adult  animal,  in  which  no  rudiment 
of  a  Cerebrum  or  Cerebellum  can  be  detected.  And  in  ordinary  profouud 
sleep,  or  in  apoplexy,  the  functions  of  these  organs  are  so  completely  sus- 
pended, that  the  animal  is,  in  all  essential  particulars,  in  the  same  conditiou 
for  a  time  as  if  destitute  of  them.  It  is  possible,  indeed,  to  reduce  a  Verte- 
bratcd  animal  to  the  condition  (so  far  as  its  nervous  system  is  concerned) 
of  an  Ascidian  Mollusk  (§  640) ;  for  it  may  continue  to  exist  for  some 
time,  when  not  merely  the  Cerebrum  and  Cerebellum  have  been  remored 
from  above,  but  when  nearly  the  whole  Spinal  Cord  has  been  removed 
from  below — that  part  only  of  the  latter  being  left  (namely,  the  Mednlli 
Oblongata),  which,  being  the  centre  of  the  respiratory  actions,  bears  the 
greatest  correspondence  to  the  single  ganglion  of  theTunicata.  On  the 
other  hand,  no  Vertebrated  animal  can  exist  by  its  Encephalon  alone,  the 
Spinal  Axis  being  destroyed  or  removed  ;  for  the  reflex  actions  of  the  lat- 
ter are  so  essential  to  the  continuance  of  its  respiration,  and  consequentlr 
of  its  circulation,  that  if  they  be  suspended  (by  the  destruction  of  the  por- 
tion of  the  Cord  which  is  concerned  in  them),  all  the  organic  functions 
must  soon  cease. 

673.  That  the  actions  performed  by  the  Spinal  Cord  are  of  a  simply  «- 
flex  nature — consisting  in  the  excitement  of  muscular  movements,  in  re- 
spondence  to  external  impressions,  without  the  necessary  interveotios 
of  sensation; — appears  to  be  a  necessary  inference  from  the  facts  that  have 
been  brought  to  light  by  experiment  and  observation.  Experiments  on 
the  nature  of  this  function  are  best  made  upon  cold-blooded  animals;  u 
their  general  functions  are  less  disturbed  by  the  effects  of  severe  injuries  of 
the  nervous  system,  than  are  those  of  Birds  and  Mammals.  When  the 
Cerebrum  has  been  removed,  or  its  functions  have  been  suspended  bv  t 
severe  blow  upon  the  head,  a  variety  of  motions  may  be  excited  bv  their 
appropriate  stimuli.  Thus,  if  the  edge  of  the  eyelid  be  touched 'with « 
straw,  the  lid  immediately  closes.  If  liquid  be  poured  into  the  mouth,  or 
a  solid  substance  be  pushed  within  the  grasp  of  the  muscles  of  deglutition, 
it  is  swallowed.  If  the  foot  be  pinched,  or  burned  w^ith  a  lighted  taper,  it 
is  withdrawn ;  and  (if  the  creature  experimented  on  be  a  Frog)  the  aDimtl 
will  leap  away,  as  if  to  escape  from  the  source  of  irritation,     if  the  cloaci 
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be  irritated  with  a  probe,  tlie  hmd  legs  will  endeavor  to  push  it  away. — 
Now,  the  performance  of  these  aa  well  as  of  other  movements,  many  of 
them  most  remarkably  adapted  to  an  evident  pnrposet  might  be  supposed 
to  indicate  that  sematiom  are  called  np  by  the  impressions ;  and  that  tlie 
animal  can  not  only  fad,  but  can  voluntanltf  direct  its  movements,  so  as  to 
get  rid  of  the  irritation  which  annoys  it,  Bnt  Buch  an  inference  would  be 
inconsistent  with  other  facts. — In  the  first  phmt-,  the  motions  performed  by 
ftQ  animal  under  such  circumstances,  are  never  spontaneous,  but  arc  always 
eiolted  by  a  stimulus  of  some  kind.  Thus,  a  decapitated  Frog,  after  the 
first  violeut  con Yul sire  movements  occasioned  by  the  operation  hare  passed 
away,  remains  at  rest  until  it  is  touched ;  and  then  tlie  leg,  or  its  whole 
body,  may  be  thrown  into  sudden  action,  which  immediately  subsides  again. 

CIo  the  same  manner,  the  act  of  swallowing  is  not  perfomiedj  except  when 
itifi  excited  by  the  contact  of  food  or  liquid  ;  and  even  the  respiratory 
movements,  spontaneous  as  they  seem  to  he,  would  not  continue,  unless 
they  were  continually  re-excited  by  the  presence  of  Tcnous  blood  in  the 
vessels.  These  movements  are  all  necessarily  linked  with  the  stimulus  that 
emtes  them;  that  is,  the  same  stimulus  will  always  produce  the  same 
movement,  when  the  condition  of  the  body  is  the  same.  Hence,  it  is  evi- 
dent, that  the  judgment  and  will  are  not  concerned  in  producing  them ; 
and  that  the  adapHveness  of  the  morcmcnts  is  no  proof  of  the  existence  of 
eonscitjusness  and  discrimination  in  the  being  which  executes  them — the 
adaptation  being  made/f^r  that  being,  by  the  peculiar  structure  of  ita  nerv- 
ous apparatus,  which  causes  a  certain  movement  to  be  executed  in  respond- 
enco  to  a  given  impression — not  %  it.  An  anmial  thus  circumstanced 
may  be  not  unaptly  compared  to  an  automaton  ;  in  which  particular  move- 
ments, adapted  to  produce  a  given  effect,  are  produced  by  touching  certain 
springs.  Here  the  adaptation  was  in  the  mind  of  the  maker  or  designer  of 
the  automaton ;  and  so  it  evidently  is,  in  regard  to  the  purely  automatic 
movements  of  animali^,  as  well  as  with  respect  to  the  various  operations  of 
their  nutritive  system,  over  which  they  have  no  control,  yet  which  concur 
moat  admirably  to  a  common  end. 

614,  Again,  wo  find  that  such  movements  may  bo  performed,  not  only 
wben  the  Encephalon  has  been  removed,  the  spinal  cord  remaining  entire, 
bat  also  when  the  Spinal  Cord  has  been  itself  cut  across,  so  as  to  be  divided 
into  two  or  more  portiou^s — each  of  them  completely  isolated  from  each 
other,  and  from  other  partj^  of  the  nervous  centres.  Thus,  if  the  head  of  a  Frog 
be  cut  off,  and  its  spinal  cord  be  divided  in  the  middle  of  the  back,  so  that 
it^  fore-legs  remain  connected  with  the  upper  part,  and  its  hind-legs  with 
the  lower,  each  pair  of  members  may  be  excited  to  movement  by  a  stimulus 
applied  to  itself;  but  the  two  pairs  will  not  exhibit  any  consentaneous 
motions,  as  tbey  will  do  when  the  spinal  cord  is  undivided.  Or,  if  the 
Spinal  cord  be  cut  across,  without  the  removal  of  the  Brain,  the  lower  limbs 
may  be  excited  to  movement,  by  an  appropriate  stimulus,  though  they  arc 
completely  paralysed  to  the  mii;  whilst  the  upper  remain  under  the  control 
of  the  animal,  as  completely  as  before.  And  when  this  separation  happens 
to  be  made  in  the  Human  subject  by  accidental  injury  or  liy  disease,  it  is 
found  that  if  it  be  complete,  there  is  not  only  a  total  want  of  voluntary 
control  over  the  lower  extremities,  but  a  complete  absence  of  sensation  also 
— tbe  individual  not  being  in  the  least  conscious  of  any  impression  made 
upon  them.  When  the  lower  segment  of  tlic  Cortl  remains  sound,  and  its 
nervous  connections  with  the  limbs  are  unimpaired,  distinct  reflex  move* 
ments  may  be  excited  in  the  limbs,  by  stimuli  directly  applied  to  them ;  as, 
for  instance,  by  pinching  the  skin,  ticklini?  the  sole  of  the  foot,  or  applying 
43 


674  STRUCTURE  AND  ACTIONS  OF  THE   NERVOUS   SYSTEM. 

a  hot  plate  to  its  surface  ;  and  this  without  the  least  sensation,  on  the  part 
of  the  patient,  either  of  the  cause  of  the  movement,  or  of  the  movement 
itself. 

675.  This  fact,  taken  in  connection  with  the  preceding  experiments,  hoth 
upon  Ycrtebratcd  and  Articulated  animals,  distinctly  proves  that  Sensation 
is  not  a  necessary  link  in  the  chain  of  '*  reflex"  actions  of  this  lowest  class, 
which  may  be  appropriately  distinguished  as  excito-motor  ;  but  that  all  which 
is  required  is  an  afferent  fibre,  capable  of  receiving  the  impression  made 
upon  the  surface,  and  of  conveying  it  to  the  centre ;  a  ganglionic  centre, 
composed  of  vesicular  nervous  substance,  into  which  the  afferent  fibre  passes; 
and  an  efferent  fibre,  capable  of  transmitting  the  motor  impulse  from  the 
ganglionic  centre  to  the  muscle  which  is  to  be  thrown  into  contraction.— 
These  conditions  are  realized  in  the  Spinal  Cord.  We  may  have  reflex 
actions  excited  through  any  one  isolated  segment  of  it,  as  through  a  single 
ganglion  of  the  ventral  cord  of  Articulata,  but  they  are  then  confined  to 
tlie  parts  supplied  by  the  nerves  of  that  segment :  thus,  if  the  spinal  eoni 
of  a  Frog  be  divided  just  above  the  origin  of  the  crural  nerves,  the  hind- 
legs  may  be  thrown  into  reflex  contraction  by  various  stimuli  applied  to 
themselves,  while  the  fore-legs  will  exhibit  no  movement  of  this  kind.  Bet 
if  the  brain  be  removed,  and  the  Spinal  Cord  be  left  entire,  movements  maj 
be  excited  in  distant  parts — as,  for  example,  in  the  fore-legs,  by  any  power- 
ful irritation  of  the  posterior  extremities — and  vice  versd.  This  is  particu- 
larly well  seen  in  the  convulsive  movements  which  take  place  in  certain 
disordered  states  of  the  nervous  system ;  a  slight  local  irritation  being  suffi- 
cient to  throw  almost  any  muscles  of  the  body  into  a  state  of  energetic 
action.  'And  a  similar  state  may  be  artificially  induced,  by  applying  stiych- 
uine  (in  solution)  to  the  Spinal  Cord  of  a  decapitated  Frog. 

G76.  The  particular  "  reflex"  actions  to  which  the  Spinal  Cord  (using 
that  term  in  its  limited  sense,  as  excluding  the  Medulla  Oblongata)  is  sub- 
servient, are  mostly  connected  with  the  organic  functions ;  and  ihey  are 
chiefly  of  an  expuhive  kind,  being  destined  to  force  out  the  contents  of 
various  cavities  of  the  body.  Thus  the  ordinary  acts  of  defecation  and 
urination,  ejaculatio  seminis,  and  parturition,  are  all  reflex  movements,  over 
which  the  Will  has  but  very  little  control,  when  once  the  stimulns  by  which 
they  are  excited  has  come  into  full  action. — But  the  movements  of  Uie  pos- 
terior extremities  are  occasionally  due  to  the  purely  automatic  action  of  the 
Spinal  Cord.  It  has  been  already  noticed  that  these  may  be  excited,  even 
in  Man,  when  the  spinal  cord  has  been  severed  in  the  middle  without  injoir 
to  its  lower  segment ;  and  it  is  remarkable  that  gentle  stimuli,  applied  to 
the  skin  of  the  sole  of  the  foot,  appear  the  most  capable  of  producing  them. 
Wc  have  seen  how  completely,  in  the  lower  animals,  the  acts  of  progression 
may  be  sustained,  by  the  repeated  stimulus  of  the  contact  of  the  ground, 
or  of  fluid,  without  any  influence  from  the  Cephalic  ganglia  ;  the  power  of 
these  being  limited,  it  would  seem,  to  the  control  and  direction  of  then. 
And  there  is  strong  reason  to  believe,  that,  so  far  as  the  ordinary  acts  of 
locomotion  are  concerned,  the  movements  of  the  inferior  extremities  in  Man 
may  be  performed  on  the  same  plan  ;  being  continued  by  the  '*  reflex"  power 
of  the  Cord,  when  once  set  in  action  by  the  Will,  whilst  we  are  walking 
steadily  onwards  ;  the  mind  being  at  the  same  time  occupied  by  some  train 
of  thought,  which  engrosses  its  whole  attention  (§  684).  Even  when  the 
mind  is  sufficiently  on  the  alert  to  guide,  direct,  and  control  the  motions  of 
the  limbs,  their  separate  actions  a])pear  to  be  performed  without  any  direct 
agency  of  the  will.  It  is  certain  that,  in  Birds,  the  movements  of  Hi^t 
may  be  performed  after  the  removal  of  the  Cerebrum  (§  678). 
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GTT*  Tho  Medtilla  Obimigata  does  not  differ  in  any  other  essential  par- 
ticnlar  from  tlie  Spinal  Cord  (of  whicU  it  maj  be  considered  as  the  cranial 
prolongation),  timn  this ;  that  whilst  the  ganglionic  portion  of  the  hitter 
is  made  np  of  the  centres  which  Tninister  to  general  locomotion,  being  ho- 
molog'ons  with  the  repetition  of  the  pedai  ganglia  id  the  ventral  cord  of 
Articnlated  animals,  the  former  contains  the  centres  of  the  movements  of 
Deglutition  and  Respiration,  and  maj  therefore  be  regarded  as  represent- 
ing their  ^tomato-gastric  and  rtspiruiory  i^mx^lm. — Both  thei^e  actions  are 
purely  '*  automatic"  in  their  character;  and  tho  Will  can  only  restrain 
thera,  when  the  stimulus  which  calls  them  forth  is  not  acting  with  any 
^  peat  degree  of  potency.  The  act  of  Swalhimng  is  excited  by  the  coidact 
i  of  solid  or  fluid  matters  with  the  raciubrane  lining  the  fauces  \  and  the  im- 
pression,  conveyed  to  the  Mednlla  Oblongata  by  an  alfcrent  nerve  {llie 
^*glosso-pharyngear'),  excites  there  a  reflex  impulse,  which,  being  trans- 
mitted along  a  motor  nerve  (chiefly  the  pharyngeal  portion  of  the  **  par 
vagum--)  to  the  muscles,  calls  them  into  those  combined  and  consecutive 
movements,  which  are  requisite  for  the  reception  of  the  food  from  the  buc- 
cal cavity,  and  for  its  propulsion  down  the  oesophagus.  These  movements 
may  he  excited  in  a  slate  of  complete  uncoascionsness ;  or  after  the  re- 
moval of  the  Cercbrura  from  above,  and  of  the  Spinal  Cord  from  below, 
ind  when  we  a  appose  that  we  arc  swallowing  troluntaril^^  the  action  of  the 
^TiV'Ul  is  limited  to  the  mere  excitation  of  the  reflex  movement^  by  the  carry- 
ing back  of  the  solid  or  liquid  to  be  swallowed,  upon  the  tongue,  into  eon- 
N  tact  with  the  lining  membrane  of  the  fauces.  When  this  contact  has  once 
'lieen  effected,  scarcely  any  power  of  the  will  could  prevent  the  consecutive 
movement.  The  acts  of  Prehension  of  food  with  the  hps,  thongli  usually 
effected  by  voluntary  power  in  the  adult,  seem  to  be  capable  of  taking  place 
as  a  part  of  the  reflex  operation  of  the  Medulla  Oblongata,  in  the  Human 
Infant,  as  in  the  lower  animals*  This  is  particularly  evident  in  the  prehen- 
sion of  the  nipple  by  the  lips  of  the  infant,  and  in  the  act  of  suction  w  hich 
the  contact  of  that  body  (or  of  any  resembling  it)  seems  to  excite.  The 
experiments  provided  for  us  by  nature,  in  the  production  of  auenccphalous 
monstrosities,  fully  prove  that  the  integrity  of  the  nervous  connection  of 
the  lips  and  respiratory  organs  with  the  Medulla  Oblongata.,  is  aUne  suffi- 
cient for  the  performance  of  this  action;  and  experiments  upon  young 
animals,  from  which  the  brain  has  been  removed,  estxiblish  the  same  fact. 
Thus  Mr,  Grainger  found  that,  uijon  introducing  his  finger,  moistened  with 
milk,  or  with  sugar  and  water,  between  the  lips  of  a  puppy  thas  mutilated, 
the  act  of  gnction  was  excited  ;  and  not  merely  the  act  of  suction  itself,  but 
iither  movements  having  a  relation  to  it ;  for  as  the  puppy  lay  on  its  side, 
suekitig  the  fluger,  it  pushed  out  its  feet,  in  the  same  manner  as  young  pigs 
exert  theirs  in  compressing  the  sow's  dugB.  The  act  of  Mastication,  again, 
although  usually  considered  a  voluntary  one,  comes  by  habit  to  be  per- 
formed without  any  exertion  of  the  wilt ;  and  n\m  then  be  referred  to  that 
cliLss  denominated  '^  secondarily  automatic*'  (§684), — The  raovements  of 
Respiration  are  purely  -'  reflex"  in  their  character,  although  capable  of 
being  imitated,  or  to  a  certain  extent  controlled,  by  an  exertion  of  the 
Will.  The  purpose  of  this  subjection,  which  seems  peculiar  to  the  higher 
animak,  is  evidently  to  render  them  subservient  to  the  production  of  Yocal 
Sounds ;  to  which  they  obviously  could  not  minister,  if  they  were  as  inde- 
pendent of  voluntary  control  and  direction,  os  they  seem  to  be  in  the  lower 
animals.  Bat  this  subjcetiou  only  exists,  when  the  stimulus  does  not  act 
with  more  than  moderate  force,  tbat  is,  when  the  blood  is  undergoing  its 
Bormal  aeration ;  for  if  the  process  be  checked  for  a  few  seconds,  the  dc- 
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maud  fur  aeraiiou  becomes  =o  sirocg.  that  the  Will  can  no  longer  restrain 
die  moveiuent  to  which  it  iirorapts.  The  stimulus  to  this  action  chieflv 
originates  in  the  lungs,  and  ia  either  the  presence  of  venous  blood  in  their 
capillaries,  or  of  carbonic  acid  in  their  air-cells.  This  impression  (which 
need  not  be  strong  enough  to  arouse  the  consciousness)  is  conveyed  tu  llii' 
Medulla  Oblongata  by  the  pulmonic  portion  of  the  "  par  vagum  ;"  and  a 
reflex  impulse  is  then  transmitted  through  the  '*  phrenic"  and  **  intercosiar 
nerves,  to  the  diaphragm  and  the  muscles  of  the  ribs,  which  produces  th*^ 
act  of  inspiration.  It  is  not  through  the  '*par  vagum"  alone,  however, 
that  excitor  impressions  are  conveyed ;  for  the  nerves  of  the  general  sur- 
face, and  especially  of  the  face,  are  subservient  to  this  fanction ;  and  it  i> 
through  them  that  the  jirst  inspiration  is  excited,  by  the  contact  of  cold 
air  with  the  skin  of  the  new-bom  Mammal.  It  appears,  too,  that  the 
Cerebrum  is  concerned  in  the  maintenance  of  the  respiratory  movement, 
not  volitionally,  however,  but  automatically ;  the  circulation  of  imperfectlj 
arterialized  blood  through  its  vessels,  occasioning  an  impulse  to  be  trans- 
mitted from  it  to  the  respiratory  nerves,  through  the  mediam  of  their  gan- 
glionic centre.  So,  when  the  respiratory  efforts  are  very  powerfully  culled 
forth,  various  other  parts  of  the  nervo-muscular  apparatus  are  put  iu' action, 
besides  those  just  mentioned. 

078.  The  chain  of  Sensory  Ganglta,  which  forms  nearly  the  entire  Kni".*- 
l>lialon  of  Fishes  (§  602),  but  which  is  overlaid  and  obscured  in  Man  aaJ 
the  higher  Verlebrata  by  the  relatively  enormous  development  of  the  CVnr- 
brum,  may  be  regarded  as  constituting  the  true  Sensorium;  that  is.  as  tk 
seat  of  consciotmncss,  to  which  impressions  made  upon  the  nerves  of  seii^ 
are  carried,  and  through  which  the  individual  is  rendered  cognizant  of 
them.     There  is  abundant  evidence  that  this  endowment  does  not  exisi  in 
the   locomotive,    stomato-gastric,    or   respiratory   ganglia,    of  which  \h 
Spinal  Cord  and  the  principal  i)art  of  the  Medulla  Oblongata  are  wade 
up  ;  whilst,  on  the  other  hand,  there  is  adequate  proof  that  the  prci-eneeof 
a  Cerebrum  is  not  necessary  to  its  possession.     For  these  ganglia  are  u^'- 
viously  homologous  with  the  Cephalic  gauglia  of  Invertebrated  aiiimal>: 
and  if  the  latter  be  the  instruments  of  consciousness  and  the  seat  of  5ec?i- 
bility  (to  deny  which,  would  be  to  refuse  these  endowments  to  Inverti- 
brated  animals  altogether),  there  is  no  reason  to  doubt  that  the  fonuer  art- 
so  likewise,  their  relations  to  the  nerves  of  sense  being  precisely  the  sanii-. 
There  is  no  adequate  reason  for  the  belief,  that  the  addition  of  the  Cere- 
bral IIcmisi)heres,  in  the  Vertebrated  series,  alters  the  endowments  of  tlh 
Sensory  Ganglia  on  which  they  arc  superimposed;  on  the  contrary,  wv 
have  everywhere  seen  that  ihc  addition  of  ganglionic  centres,  as  iilstni- 
ments  of  new  functions,  leaves  those  which  were  previously  existing,  in  \h. 
discharge  of  their  original  duties. — So  far  as  the  results  of  experiments  ca:. 
be  relied  on,  they  aflbrd  a  corroboration  of  these  views,  by  showing  that 
sensory  impressions  can  be  felt,   and  automatic  movement?   excited  or 
(Urcctcd,  through  the  medium  of  these  ganglia,  after  the  complete  removal 
of  the  Cerebrum.     Thus,  if  a  Bird  be  thus  mutilated,  it  maintains  its  equi- 
librium, and  recovers  it  when  it  has  been  disturbed;  if  pushed,  it  walks; 
it  thrown  into  the  air,  it  flies.     A  pigeon  deprived  of  its  cerebram  ha: 
been  observed  to  seek  out  the  light  parts  of  a  partially  illuminated  room  in 
vttch  it  was  confined,  and  to  avoid  objects  that  lay  in  its  way ;  and  at 
uAt,  when  sleeping  with  closed  eyes  and  its  head  under  its  wing,  it  roL^ 
rihead  and  opened  its  eyes  ui)on  the  slightest  noise.     It  is  scan^ely  pi>?* 
€\'Jt  \o  boVieve  that  these  movements  were  merely  cxcito-motor ;'  since 
-Br-  i«m  obviously  to  indicate  the  guiding  influence  of  sensation. 
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0T9.  The  results  of  experimeots  made  upon  the  Sensory  Ganglia  them- 
selves, and  upon  the  organs  from  which  they  derive  their  impressions, 
manifest  the  remarkable  intinence  of  such  impress  ions  in  guiding'  the  ordi- 
nary movements  of  the  lower  animals;  these  being  completely  disturbed, 
and  a  new  set  of  purely  autoniatic  movcToents  being  substituted^  when  the 
ordinary  relations  of  the  organs  are  interfered  with. — Thus,  it  has  been  ae- 
certaiued  by  Floureus  that  a  vertiginous  moTement  may  be  induced  in 
pigeons  by  simply  blindfolding  one  eye  j  and  Longet  bos  prodaeed  the  some 
eflfectj  by  evacnatiug  the  humors  of  one  eye.  These  Tertiginoas  movements 
are  more  decided  and  prolonged,  when,  instead  of  one  eye  being  blinded,  one 
of  the  optic  ganglia  is  removed ;  the  animal  continuing  to  turn  itself  towards 
the  injured  side^  m  if  rotattug  on  an  axis.^So^  too,  it  was  found  by  M. 
Flonrens,  that  injury  of  the  portion  of  the  Auditory  nerve  proceeding  to 
the  **  semieircular  canals" {§  115)^  would  occasion  still  greater  irregularities 
of  movement.  Section  of  the  horizontal  semicircular  canal  in  Pigeons,  on 
both  sides,  induces  a  rapid  jerking  horizontal  movement  of  the  head,  from 
side  to  side,  with  a  teudency  to  turn  to  one  side,  which  manifests  itself  when* 
ever  the  animal  attempts  to  walk  forwards.  Section  of  a  vertical  canal, 
whether  the  superior  or  inferior,  of  both  sides,  is  followed  by  a  violent  ver- 
tieal  movement  of  the  head.  And  section  of  the  horizontal  and  vertical 
canals,  at  the  same  time,  causes  horizontal  and  vertical  movements.  Section  of 
either  cana!  on  one  side  only,  is  followed  by  the  same  effect  as  when  the  canal 
is  divided  on  both  sides;  but  this  is  inferior  in  intensitj*  The  movements 
continue  to  be  performed  during  several  months.  In  Rabbits,  section  of 
the  horizontal  canal  is  follow^ed  by  the  same  movements  as  those  exhibited 
by  Pigeons  \  and  they  are  even  more  constant,  though  less  violent.  Section 
of  the  anterior  vertical  canal  causes  the  animal  to  make  continued  forward 
''somersets,"  whilst  section  of  the  posterior  vertical  canal  occasions  con- 
tinual backward  "somersets,"  The  moveraents  cease  when  the  animal  is 
in  repose;  and  they  recommence  when  it  begins  to  move,  increasing  in  vio- 
lence as  its  motion  is  more  rapid.  These  curious  results  are  supposed  by 
M.  Floureus  to  indicate  that  the  nerve  supplying  the  semicircular  canals 
doe?  not  minister  to  the  sense  of  hearing,  but  to  the  direction  of  the  move- 
ments of  the  animal;  but  they  are  fully  explicable,  upon  the  supposition 
that  the  normal  function  of  the  semieircular  canals  is  to  indicate  to  the 
animal  the  direction  of  sounds  (§  715),  and  that  its  movements  are  partly 
determined  by  the^e ;  so  that  a  destruction  of  one  or  other  of  them  will 
produce  an  irregularity  of  movement  (resulting,  as  it  would  seem,  from  a 
sort  of  giddiness  on  the  part  of  the  animal),  just  as  when  one  of  the  eyes  of 
a  bird  is  covered  or  destroyed,  as  in  the  experiments  previously  cited, 

680.  Notwithstanding  that,  in  Man,  the  high  development  of  Intellt^m^e 
snpersedes  in  great  degree  the  operations  of  Instinct,  we  still  find  that  there 
are  in  ourselves  certiiin  movements,  which  can  be  diBtin^uished  as  neither 
voluntary  nor  excito-motor,  and  whieh  are  examples  of  that  method  of 
operation,  which  seems  to  be  the  chief  source  of  the  actions  of  the  lower 
Vertebrata,  as  of  the  Invertebrated  classes  in  geueral.  These  movements 
are  as  truly  '*  reflex"  as  are  the  excito-motor  actions  of  the  Spinal  Cord ; 
but  differ  from  them  in  thia,  that  they  are  only  excited  by  impressions  of 
which  we  are  conscious,  that  is,  by  sensations ;  and  heuce  they  are  con- 
reniently  designated  as  Bensori'motor  or  eonsensuai. — As  examples  of  this 
proup,  we  may  advert  to  the  act  of  Tomiting,  produced  by  various  causes 
which  act  through  the  or^rans  of  sense;  such  as  the  sight  of  a  loathsome 
object,  a  disagreeable  smell,  or  a  nauseous  taste.  The  excitement  of  the 
act  of  Bueeziiig  by  a  dazzling  light,  is  another  example  of  tlie  same  kind; 
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for,  etea  if  It  ht  granted  that  the  mat  of  sneering  is  ordinarOjexcitfid  Hktim^ ' 
the  epiaal  ^stem  alone  (which  is  bv  do  means  certala),  tliere  can  ht  m 
dottbi  thai  m  this  instance  It  cannot  be  brought  into  pUj  wldioiii  A  aam- 
tion  actually  felt.  The  same  may  be  said  of  the  Langlitef  wlik^  <oaf<iat» 
involuntarily  bursts  forth,  at  the  provocation  of  some  siglil  orsoond,  towliA 
uo  distinct  ludicrous  idea  or  emotion  can  be  attached,  aii4  of  tkAt  itm" 
from  the  act  of  tickling,  in  which  case  it  is  most  certainlj  occastoiMd  1 
sensation,  and  by  that  alone.  The  start  produced  hj  a  load  and  ane^ 
sound,  and  the  closure  of  the  eves  to  a  dazzling  light,  or  on  the 
approach  of  a  body  that  might  injure  them  (which  ha^  been  ol 
lake  place  in  certain  cases  of  paralvsis,  in  which  the  evelids  could  nO 
miuntanitf  closed),  are  additional  exauiples  of  the  sanse  kind.  It 
certain  morbid  states,  however,  that  the  direct  inflitence  of  SensatkiBi  b 
occasioning  and  governing  movements^  in  a  manner  not  to  be  accoiaittd  for 
either  by  excito-motor  or  by  voluntary  action,  is  most  remarkablf  moSBML 
Thus,  in  cases  of  excessive  irritation  of  the  retina,  wlLieli  reBdcnlfaijrf 
most  painfully  sensitive  to  even  a  feeble  amonnt  of  liglii^-tke  slate  dmf- 
luited  as  photophnhia — ^ibe  eyelids  are  drawn  together  spMOiodlcaily*  wm 
sach  force  as  to  resist  very  powerful  efforts  to  open  thmx ;  and  if  Uief  lie 
forcibly  dmwti  apart,  the  pupil  is  frequently  rolled  beneatJi  Ibe  «|i|i9lldL 
much  further  than  it  could  be  carried  by  a  volantaryeffofU  And  mfdiM 
affections  of  the  walls  of  the  chest,  we  may  observe  the  QSUal  moveaaili  «f 
the  ribs  to  be  very  much  abridged ^  the  dependence  of  ilils  abrfdgtteiit  ii|Mka 
the  painful  sensation  which  they  occasion,  being  most  evtdeut  in  \hmt  !»• 
stances  in  which  the  affection  is  confined  to  one  side — ^for  there  U  Ibeft  a 
marked  curtailment  In  i^  movements,  whilst  those  of  the  other  side 
take  place  as  usual ;  a  difference  which  can  scarcely  be  *'  excito-motor,**j 
which  the  Will  cannot  imitate.  Again,  In  some  Convnldve  dii 
may  notice  that  the  paroxysms  are  excited  by  causes  which  act  ll 
organs  of  special  sense;  thus,  in  nydrophobia,  we  observe  tlie  ; 
inBuence  of  the  sight  or  the  sound'  of  Uqaids,  and  of  the  slightait 
rents  of  air;  and  in  mnny  Hysteric  subjects,  tJie  sight  of  a  psroxfimil 
another  indiYtdual  is  the  most  certain  means  of  its  induction  tti  tbecMilfm 

681.  When  we  contrast  the  actions  of  Man  and  of  the  higher  Tertebnia. 
with  those  of  the  lower,  we  cannot  bot  perceive  thai  we  gTadoailj  Xom  libt 
indications  of  L^tUigmct  and  Will,  as  the  sourcet  of  the  moYementa  of  the 
aaimal ;  whilst  we  see  a  corresi>ondiiig  predominance  of  those,  wbi^  iff 
eommotilx  denominated  Imti$i€tir^,  and  which  are  performed  (a^  it  wvmM 
appear)  in  immediate  rcspondeiice  to  certain  sensatioiis^  witli<Mat  may  h* 
ttntimml  adaptation  of  meaiiJ*  to  ends  on  the  part  <jf  Uie  todiTidaal; 
althQtigh  Kuch  adaptiveness  doubtless  exists  in  the  aetlooit  tbcniidrttl 
bei»»g  a  consequence  of  the  original  constitution  of  tbe  nerrotia  ^yvtMi  af 
animal  pcrforaung  them.  It  cannot  be  doubte<l  hj  any  pcfiMi  wka 
atteotivpk  ?t!id[ed  the  characters  of  the  lower  atikaalt/tbil  lanraf 
'al  endowments,  corresponding  iritli  Xhom  wUck  vt 
{towers  and  Moral  feelings  in  Mao ;  tyitt  ia  propoftioa 

Uie^  ttn?  UEidpveloped^  iu  that  proportion  is  the  aaiusal  midrr  Uie  di»* 
mlalon  of  th(js<r  inetinctive  Impulses,  which,  so  far  as  its  ciwn  cciiadoaiBBa 
b  eoiiiccrned,  may  be  designated  as  blind  and  oiailc«8,  IntI  widek  ait 
Ofdaiaed  by  the  Creator  for  its  protection  from  danger,  and  for  die  mpi^ 
of  iU  natiiral  wiati.  The  same  may  be  said  of  the  Htiiitaii  ia^t,  araf 
Ih*^  '  '  •  -n  whom  the  reosoniag  powers  are  tuidevrJo|ied.  __ 
V '  in  gent*ml  he  difftl&galfliiad  from  tboaa  wfcidi  an  tba  i 

voiuiuan  Muwer  guided  by  peaaaa,  chiefly  by  the  two  folkiwiii|r  < ' 


tlirogg^^^H 
e  iiiiiimllili^^B 
lightait  evf^V 
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L  Although,  in  manjr  cases,  experience  is  required  to  gire  the  Will  com- 
maod  07er  the  musdes  concerned  in  its  operations,  no  experience  or  edu- 
cation is  required,  in  order  that  the  diliurent  actions,  which  result  from  an 
Instinct  ire  impulse,  may  follow  one  another  with  unerring  precision, 
2.  These  actions  are  always  performed  by  the  same  spceiea  of  animal, 
nearly,  if  not  exactly,  in  the  same  manner  j  presenting  no  such  variation  in 
the  means  adapted  to  the  object  in  view,  and  admitting  of  no  such  improye- 
nient  in  the  progress  of  life,  or  in  the  succession  of  ages,  as  we  observe  in 
the  habits  of  individual  men,  or  in  the  manners  and  cnstoms  of  nations, 
that  are  adapted  to  the  attainment  of  any  particular  ends,  by  those  volun- 
tary efforts  which  are  guided  by  reason,  3,  The  fact,  too,  tliat  these 
Instinctive  actions  are  often  seen  to  be  performed  under  eircumetanees  ren- 
dering thcni  nugatory,  as  reason  informs  m^  for  the  ends  wliich  they  are  to 
accomplish  (as  when  the  domesticated  Beaver  builds  a  dam  across  its  apart- 
ment,  or  when  the  Bee  tries  to  produce  a  qm^n  from  drone-larvae),  is  ran 
additional  proof  that  such  actions  are  prompted,  like  the  excito-motor  and 
consensual  movements  we  have  been  just  inqnirinj^  into,  by  an  impulse 
which  immediately  results  from  a  iiarticular  impression  or  sensation,  and 
not  by  anticipation  of  the  elfeet  which  the  action  will  produce.* 

683.  So  far  as  can  be  determined  by  the  foregoing  tests,  we  find  the 
comparative  predominance  of  the  Instincfire  actions  and  the  InteUigeni^  to 
be  in  close  aecordanee  with  the  relative  development  of  the  CramQ-Spinal 
Asdt  and  the  Cerehrum.  And  since  some  of  the  actions  which  have  been 
designated  as  Instinctive,  each  as  that  of  sucking  in  the  infant  (§C77), 
have  been  showTi  to  be  purely  "  excito-motor/'  not  even  involving  con- 
sciousness, we  seem  fully  justified  in  the  conclusion,  that  the  Instinctive 
actions  of  animals  are  truly  "automatic"  in  their  character,  and  that  they 
are  performed  by  the  instrumentality  of  the  Cranio-Spinal  Axis  in  Verte- 
brata,  and  of  the  Ganglia  which  correspond  to  them  in  Invcrtcbratcd  ani- 
mals. We  must  look  for  their  origin ^  then,  in  impressions  made  upon  the 
flierent  nerves,  either  by  external  olTJects,  or  by  changes  taking  place  in 
the  internal  organization  (sucli,  for  example,  as  the  periodic  development 
of  the  sexual  organs);  which  impressions  will  excite  respondent  or  *' reflex" 
movements,  either  through  the  ganglia  of  ^'sensori-motor"  or  those  of 
''excito-motor"  action,  according  as  they  are,  or  are  not,  of  a  nature  to 
recpiiro  the  €otisciousnes&  of  the  animal  to  bq  called  forth,  as  a  link  in  the 
chain  of  their  operation  upon  the  muscular  system.^ 

*  S«e  Tfot  AUsop's  Article,  "Instinct,*'  m  "Cyclop,  of  Anat-  and  Phys.,"  toI.  m. 

■  The  hlgliCBt  development  of  tlie  parcly  In&tluctive  teiideiiciesj  with  the  Icaat  inter- 
fereoee  of  In  tcUi  pence,  is  to  be  found  in  tlie  ckss  of  In  sects ;  and  nbore  nil  in  tbe  order 
Mymm^pttrn^  and  in  tltal  of  Nettropfernt  which  ia  nearly  nllied  to  it.  It  la,  of  course, 
impofttiiblo  to  ilrawthe  litii*  between  the  two  sourceB  of  actioo,  with  complete  precision; 
but  wo  obaervGj  m  tlic  babitH  of  Bees  and  other  social  Insects*  every  indlention  of  the 
limitation  of  the  power  of  choice,  and  of  the  domination  of  instinctiTe  propensities 
eaUcd  into  actifxn  by  sensations.  Thus,  although  Bees  display  the  greiitefit  art  in  the 
construction  of  their  habitations,  and  execute  a  variety  of  curious  contriTances,  benuti- 
fuUy  adapted  to  Tariations  iu  their  circumstances,  the  constanEy  with  which  iodiTiduftls 
and  communities  wUl  act  alike  under  the  same  conditions,  appears  to  pi-ccludc  the  idea 
of  their  possessing  any  inherent  power  of  spontuneoui^ly  Jeparting  from  the  line  of 
iction,  to  which  tbey  are  tied  down  by  the  coDatitntion  of  their  Nervons  system*  Wo 
do  n«t  find  one  indiTidnal  or  one  community  clerer,  and  another  stupid;  nor  do  we 
CTer  witness  a  disagreement,  or  any  appearance  of  mdecision,  aa  to  the  course  of  aetion 
to  be  pursued  by  the  scTeral  members  of  any  republic.  The  actions  of  all  tend  to  one 
common  end,  nimply  because  they  are  performed  in  respoDdeiieo  to  irapulsoa  which  all 
alike  share.  For  a  Bee  to  bo  destitute  of  its  peculiar  temlency  to  build  nt  certain 
angles,  would  be  as  remarkable  as  for  a  Human  being  to  be  destitute  of  the  desire  to 
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683.  But  we  may  tnice  the  agency  of  the  Sciisory-GaDglia,  in  Man  and 
the  higher  VcTt^^hrata,  not  merely  in  their  direct  aud  i«dei>endeiit  opera- 
tion on  the  Muscular  system,  but  also  in  the  maimer  in  which  they  pakid* 
pate  in  all  Tohintary  actions.  There  can  be  no  doubt  that,  in  efery 
exertion  of  the  Will  upon  the  muscular  system,  we  are  guided  bj  the  senaa* 
tfons  communicated  through  the  alferent  nerves,  which  indicate  to  the  Sen- 
sorium  the  state  of  the  muscle*  Many  interesting  cases  are  on  record, 
w^hich  show  the  necessity  of  this  "  Muscular  Sense''  for  determining  volun- 
tary contraction  of  the  muscle.  Thus,  Sir  C.  Bell  (who  first  promineotlj 
directed  attention  to  this  class  of  facts,  under  the  designation  of  the 
Nrrt^ons  Oircle)  mentions  an  instance  of  a  woman,  who  wns  depriTeil  of  it 
in  her  arms,  without  losing  the  motor  power;  and  who  stated  that  §bt? 
could  not  fiustnin  anything  in  her  hands  (not  even  her  child),  by  the 
strongest  effort  of  her  Will,  unless  she  kept  her  eyes  constnntly  H,xcd  upon 
it  j  tlie  muscles  losing  their  power,  and  the  hands  dropping  the  ui>ject,  ns 
n  as  the  eyes  were  withdrawn  from  it.  Here  the  employuient  of  the 
'^sitai  sense  supplied  the  deficiency  of  the  mmcular;  but  instead  of  being 
inseparably  connected,  as  the  latter  is  in  the  state  of  health,  with  the  actioo 
of  the  muscle,  the  former  could  be  only  brought  to  boar  upon  it  by  an  effort 
of  the  will;  and  the  sustainmg  power  was  therefore  dcpondeot,  not  upeu 
the  immediate  influence  of  the  will  upon  the  muscle,  but  npoo  the  vuluiiUiry 
direction  of  the  sight  towards  the  object  to  he  supportetL^ — Agaia,  in  this 
production  of  vocal  sounds,  the  nice  adjustment  of  the  miigclcs  of  lh4s 
larynx,  wliich  in  requisite  to  produce  deterniinate  tones  (§|T34-7SB),  cun 
only  he  learned  in  the  first  instance  under  the  guhlance  of  the  sir  f 

the  sounds  produced,  and  can  only  be  effected  by  an  act  of  if!  ^  ai 
obedience  to  a  mental  conception  (a  sort  of  inward  sensation)  of  the  tone 
to  be  uttered;  which  conception  cannot  be  formed,  unless  the  «^n*c  of 
hearing  has  previously  brought  similar  tones  to  the  mind.  Heucc  it  u^ 
that  persons  who  are  born  dmf,  are  also  dumb.  They  may  haire  no  mal- 
formation of  the  organs  of  speech,  but  they  are  incapable  of  uttering  dis- 
tinct Tocal  sounds  or  musical  tones,  because  they  bare  not  the  guidisg 
conception,  or  recalled  sensation,  of  the  nature  of  these.  By  long  traiaiD|^ 
imd  by  efforts  directed  by  the  muscular  sense  of  the  larynx  itself,  aoiM  p«r^ 

ns  thus  circumstanced  have  acquired  the  power  of  speech ;  but  the  wtal 
of  a  sufficiently  definite  control  over  the  Tocal  muacles,  is  always  very  eft 
dent  in  their  use  of  the  organ. ^ — The  conjoint  movement  of  the  two  eyei, 
which  eouciir  to  direct  their  axes  towards  the  same  ol>jcct,  are  among  the 
most  interesting  of  these  actions,  in  which  YoHtiou  and  Consensital  actioo 
are  alike  concerned ;  and  they  afford  an  excellent  illustration  of  the  neces- 
sity for  guiding  sensations,  to  detennine  the  actions  of  muscles.  The  sen* 
sations,  however,  are  not  so  much  those  of  the  muscles  themselves,  as  tbow 
received  tli rough  the  visual  organ;  hut  the  former  appear  capable  of  con- 
tinning  to  gnidc  the  harmonious  movements  of  the  eyeballs,  when  the  seiiie 
of  sight  has  been  lost.     It  is  a  striking  peeuliarity  of  these  moT^ments, 

cftt,  when  his  syatem  sboutd  require  fnod. — Still,  the  AutJior  wauld  by  n^  mta&i  mt^ 
\mi\  thftt  there  nrp,  01? (ti  nmtinp  Bees,  «a  EQanifeil&tionfl  of  Ititelligciirf ;  for  m,  ^uifM 
ttlu«ty  nflheSi-  \mh\ln  show^  that  they  do  proQt  by  expericfK?^  in  n  niuiir^cT  ihitt  «litfVl 
a  jc^^rtfiiii  MTiJouMt  of  educabjHty.     Ami  Ihls  faculty  may  not  m\]  1  <i  eouNwM 

with  thp  prcdciu'c  of  j^  rutliJiK'titarj  Cifn'brumt  ivhich  19  ca{)jihh^  ^  ii«tiMalifti4 

ft-i^m  thu  Hvn^tirinl  ci'titri'M  timt  coti^tftutd  tbo  ptiniipnl  part  of  thiur  Cephidk  (tkli|Pk 
f*f LMhf?  Mffmairs  of  M.  DujarJln,  *^Sur  !e  Cerveatt  iles  IrtscetA,"  uiij  ''.Suf  1m  iUNt 

Su),  cliei  Icf  Abdlh^s,  pcuvent  etre  rapportds  4  rintelltgtoc^*/*  In   **  Aim*  de«.  S«l 
At/'  0'  iS^fr,,  Zuol,  turn,  xiv.,  jiviiL 
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that,  in  tlie  majority  of  tbem^  two  maseles  or  combiDations  of  muscles  of 
apposite  act  roil  are  in  operation  at  oDce  j  thos,  when  the  eyes  are  made  to 
rotate  in  a  horizontal  plane,  the  internal  rectus  of  one  side  acts  with  the 
external  rectus  of  the  other. — In  most  other  cases,  there  k  a  diflSeulty  in 
pcrformiug  two  opposite  movements  on  the  two  bIcIcs  at  the  same  time. 
Thus,  although  if  we  move  the  right  hand  m  if  winding  on  a  reel,  and 
afterwards  make  the  left  hand  reFoive  in  a  contrary  direction,  no  difficulty 
is  experienced ;  yet  if  we  attempt  to  move  the  two  at  the  mme  time  in  con- 
trary directions,  we  shall  find  it  almost  impossible* 

C84.  It  is  not  diffieult  to  account,  on  the  foregoing  principles,  for  the 
fact  which  has  been  a  source  of  great  perplexity  to  Metaphysicians  and 
Pby biologists — that  movements  which  were  at  first  performed  Toluntarilj, 
and  which  even  required  a  distinct  eifort  of  the  Will  for  each,  may  become, 
by  habitual  repetition,  so  far  independent  of  the  will,  that  they  arc  performed 
when  the  whole  attention  of  the  mind  is  bestowed  upon  some  other  train  of 
action.  Tbuis,  we  all  know  that,  iu  walking  along  an  accustomed  road,  we 
frequently  occupy  our  minds  with  some  perfectly  contiunous  chain  of  reason- 
ing; and  yet  our  limbs  continue  to  move  under  us  with  regularity ,  until  we 
are  surprised  by  finding  ourselves  at  the  place  of  our  destination,  or  perhaps 
at  some  other,  which  we  had  not  intended  to  visit,  but  to  which  habit  has 
conducted  ns.  Or  we  may  read  aloud  for  a  long  time,  without  having  in 
the  least  degree  comprehended  the  meaning  of  the  words  we  have  uttered  j 
our  attention  having  been  closely  engaged  by  some  engrossing  thoughts  or 
feelings  within.  Or  a  musician  may  play  a  well-known  piece  of  music,  whilst 
carrying  on  an  animated  conversation. — Some  Metaphysicians  have  ex- 
plained these  fact5  by  supposing  tliat  (as  the  mind  cannot  trill  two  different 
things  at  the  same  time)  the  Yolition  is  in  a  sort  of  vibratory  condition 
between  the  two  sets  of  actions,  now^  prompting  one  and  now  the  other* 
But  it  would  seem  much  more  conformable  to  the  analogy  afforded  by  other 
physiological  phenomena,  to  regard  these,  with  Hartley,  as  **  secondarily 
automatic;"  that  is,  as  taking  the  place,  in  Man,  of  those  actions  which  ate 
primarily  and  purely  automatic  in  many  of  the  lower  animals,  in  virtue  of 
the  tendency  which  may  be  noticed  in  the  whole  of  his  organization,  but 
which  is  pre-eminently  remarkable  in  his  Nen'ous  System,  to  develop  itself 
ill  the  mode  in  which  it  is  habitually  exercised.  We  shall  see  that,  even  when 
most  purely  Voluntary,  these  actions  are  performed  by  the  instrumentality 
of  the  automatic  apparatus  (§  693) ;  and,  under  the  influence  of  habit,  the 
movements  become  gradually  linked  on  to  the  sensations  whieli  at  first  guided 
them,  in  such  a  manner  that  the  latter  at  last  come  to  be  themselves  ade- 
quate exciters  of  the  movement,  when  the  series  has  been  once  commenced 
by  an  exertion  of  the  will.     It  has  been  thought  by  some  to  be  a  sufficient 

"proof  of  the  voluntary  nature  of  these  movements,  that  we  can  check  them 
it  any  time  by  au  effort  of  the  will  j  but  this  we  do  only  when  the  attentTon 
km  been  recalled  to  them,  so  that  the  Cerebmm,  liberated  as  it  were  from 

'  its  previous  self-occupation,  resumes  its  usual  play  upon  the  automatic  cen- 
tres.    In  the  performance  of  such  habitual  actions,  it  would  seem  as  if,  the 

kfirst  staH  having  been  given  by  the  will,  the  sensation  involved  in  each 
aovement  lie  comes  the  stimulus  to  the  next,  and  so  on,  until  the  habitual 
geries  is  concluded,  or  the  attention  is  called  back  to  them.  This  view  is 
confirmed  by  the  fact  that,  in  cases  of  severe  injury  of  the  Brain,  in  which 
Intelligence  and  Will  seem  completely  in  abeyancej  actions  that  have  become 
habitual  may  often  be  excited, 

685*  That  the  CWeheilttm  is  in  some  way  connected  with  the  powers  of 

linotion,  might  be  inferred  from  its  connection  with  the  antero-lateral  columns 
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of  the  Spinal  Cord,  as  well  as  with  the  posterior;  and  the  comp^ratiTei 

of  the  organ,  in  iHffercnt  orders  of  Yerte1>rated  aoimals,  gives  tia  some  in* 
dication  of  what  the  nature  of  its  function  may  he.    For  we  find  its  degree* 
of  development  to  correspond  pretty  closely  with  ihe  vanety  and  compleiritT 
of  the  Muscakr  movements,  which  are  babitually  executed  by  the  species; 
the  organ  being  the  largest  in  those  animals  which  require  the  e&m^ned 
effort  of  a  great  variety  of  muscles  to  maintain  their  nsnal  posilioo,  or  to 
execute  their  ordinary  movements;  whilst  it  is  the  sniallesl  in  those  wliiel* 
require  no  muscular  exertion  for  tJie  one  purpose,  and  little  combination  of 
diB'erent  actions  for  the  other.     Thus,  iu  animals  that  habitually  rest  a.n«i 
move  upon  four  legs,  which  is  the  ease  with  most  Reptiles,  there  is  com- 
paratively little  oceasioa  for  any  organ  to  combine  and  harmonize  t  he  aclif«i? 
of  their  several  muscles;  and  in  these,  the  Cerebellum  is  usually  small.    But 
among  the  more  active  predaceous  Fishes  (as  the  Shark),  Birds  of  thcin^^t 
powerful  and  varied  flight  (as  the  Swallow),  and  such  Mamrauls  a.^  can  tnain- 
tain  the  erect  position,  and  can  use  their  extremities  for  other  ptirposes  than 
support  and  motion,  we  find  the  Ccrebellura  of  ranch  greater  size,  relatiTeh 
to  the  remainder  of  the  Encephalon.     There  is  a  marked  advance  in  thi? 
respect,  as  we  ascend  through  the  scries  of  Quadrumanous  Animals*  froiu 
the  Baboons,  which  usually  walk  on  all-fours,  to  the  semi-erect  Apes^  whieli 
often  stand  and  move  on  their  hind-Iega  only.     The  greatest  developmeil 
of  the  Cerebellum  m  found  in  Man,  who  surpasses  all  other  animals  in  thf 
number  and  Yariety  of  the  combinations  of  muscular  movement  whieh  Ms 
ordinary  actions  involve,  as  weU  as  of  those  which  he  is  capable,  by  practice. 
of  learning  to  execute. — ^From  experiments  upon  all  classes  of  vWtehml^ 
animals,  it  has  been  found  that,  when  the  Cerebellum  is  removed,  the  [kiwct 
of  walking,  springing,  flying,  standi ngj  or  maintaining  the  equilibrium  of  the 
body,  is  destroyed.     It  docs  not  seem  that  the  animal  has  in  any  tli*jrr»^ 
lost  the  rohttdar^  power  over  its  individual  muscles ;  liut  it  cannot  tomhim 
their  actions  for  any  general  movements  of  the  body.    The  rtfltx  move 
such  as  those  of  respiration,  remain  unimpaired.     When  an  an" 
mutiluted  is  laid  on  its  back,  it  cannot  recover  its  fc^nner  posture^  bul'lt^ 
moves  its  limbs,  or  flutters  its  wings,  and  evidently  is  not  iti  a  state  of  ttifpor. 
When  placed  In  the  erect  position,  it  staggers  and  falls  like  a  dniakeft  aiiii; 
not,  however,  without  making  efforts  to  maintain  its  balance.     PturmiohK 
gists,  wbo  attribute  a  different  function  to  the  Cerebellum,  have  &Ueai]ilid 
to  put  aside  these  results,  on  the  ground  that  the  severity  of  tht?  op 
is  alone  sufficient  to  produce  them ;  but,  as  we  have  already  seen  ( 
mauy  animals  raay  be  subjected  to  a  much  more  severe  operallon, 
raoval  of  the  Cerebral  hemispheres,  without  the  loss  of  the  power  c 
bluing  and  harmonizing  the  muscular  actions,  provided  the  Ct^rrbelhst  bv 
left  aninjured. — Thus,  then,  the  idea  of  the  fuaetionfi  of  tht*  C^rebeHm. 
which  we  derive  fn.nn  Comparative  Anatomy,  seems  fully  bi.jrn*>  f»tti  by  Uit 
results  of  experiment;  ami  it  is  also  consistent  witli  the  conchniiofui  1^ 
which  ohservation  of  Pathological  phenomena  seems  to   lead.     Soiar  of 
these  phenomena,  however,  appear  to  indicate  that  either  the  median  lobriif 
the  Cere bel bun,  or  soiie  collection  of  ganglioaic  matter  in  its  Ticinitt,  h 
tlie  centre  of  iexmd  sensibility,  which  seems  to  be  distinct  from  ''eonniMm^ 
or  "  tiictilo"  sensibility. 

U8G.  It  ai>pears  to*  be  through  the  instrumentality  of  the  €^*§hfwm  or 
Hemispheric  GamfUa,  that  the  sensations  awakened  in  the  Sensorira  fftt 
rise  to  Idem ;  which  then  become  the  n^aterial  (so  to  speak)  of  iO  tfct 
higher  psychi<?al  operations.  It  is  not  ahnic,  however,  by  the  exerftIM  of 
the  Reasoning  faeulties,  leading  to  Volitional  detcnninatiODS,  tbftl  miatil 
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states  react  upon  the  motor  apparatus;  foF  we  fiud  that  not  only  dot's 
emoHomd  GKdt&mQnt  giTD  rise  to  moTements  wlsieU  arc  ns  involiintary  ns 
the  Jiatomatk*,  and  whioh  the  reason  and  will  may  in  vaiu  endeavor  to  keep 
in  ehct/k,  Init  that  muscular  movements  may  al^o  proeecil  directly  from 
ideas  which  have  possession  of  the  mind,  and  thiii  cspeeially  when  the  con- 
trollings power  of  the  Will  is  weakened  or  withdrawn,  as  happens  in  Man, 
in  the  states  of  Somnambulisra,  Reverie,  ike.  Such  moYcmeiits  may  be 
considered  to  depend  on  a  ** reflex  action"  of  the  Cerchrum,  just  as' the 
-'excito-motor"  and  *'coni5ensual"  classes  of  moYemcnts  are  dependent  on 
the  *' reflex  action"  of  the  Spinal  Cord  and  Sensory  Ganglia  respectively* 
And  there  is  strong  ground  for  the  belief,  that  much  of  what  h  attributed 
to  *' Intelligence"  among  the  lower  animaU^  ancl  in  human  childhood,  must 
be  set  down  to  this  automatic  operation  of  the  mstrumental  organ  of 
Thought. 

687.  It  has  been  supposed  by  some,  that  the  Emotional  movements  of 
Man  and  the  higher  animals,  might  bo  ranlved  in  the  same  cute^irory  with 
the  Imtinciive  actions  of  the  lower;  and  that  the  Beatres  of  the  former  are 
comparable  to  the  Imtinctive  frop^nxttm  of  tlie  latter.  But  this  cunipa- 
rison  Is  erroneous  ;  for  such  "  propensities,^'  as  already  shown,  arc  nolliing 
eke  than  iendencies  to  perform  given  movements  in  respondencc  to  parti- 
cular sensations,  without  any  idea  of  the  purpose  of  the  movement,  or  of 
the  object  which  has  excited  it ;  whereas  an  **  emotion"  involves  an  idea  of 
the  object  which  has  excited  it,  and  a  "desire"  involves  a  conception  of 
the  object  to  be  attained.  The  Imitaiive  tendency  will  afford  a  good  ex- 
ample of  the  difference  between  a  "propensity"  and  a  ** desire,"  The 
former  is  manifested  in  such  imitative  actions  as  are  purely  ''eonsensua]/' 
the  sensation  in  each  case  exciting  the  movement  automatically;  as  when 
we  yawn  involuntarily,  fi^om  seeing  or  hearing  the  action  performed  by 
another;  or  as  when  infants  learn  to  perform  many  of  the  movements 
which  they  witness  in  adults.  But  in  other  instances,  imitative  actions  are 
the  result  of  a  desire  to  perform  them,  which  involves  a  distinct  idea  of  the 
object ;  and  arc  at  the  same  time  a  source  of  ]>! ensure  to  the  performer, 
which  is  the  spring  of  the  desire.  Thus  we  find  the  two  sources  of  action 
to  be  so  distinct,  that  the  tendency  to  involuntary  or  automatic  imitation 
may  be  very  strong  in  an  individual,  who  is  utterly  unable  to  mimic  or 
imitate  voluntarily,  and  who  has  no  conscious  inclination  to  do  so ;  whOst, 
on  the  other  liand,  the  power  of  volitional  imitjition  may  co-exist  to  a 
remarkable  extent,  with  an  absence  of  all  tendency  to  *'  catch"  peculiar 
gestures,  pronunciations,  &c.,  involnntimly. 

688.  Now,  when  the  Emotions  and  Moral  FiieUng$  are  analyzed,  we  find 
them  to  be  complex  in  their  nature ;  being  made  up  by  the  association  of 
I dffl*,  which  are  Cerebral  in  their  scat,  with  the  simple  feelingif  of  pleasure 
and  jiain,  and  other  more  special  forms  of  Emoiiojial  sensibiiii^,  which  are 
probably  local  isscd  in  the  Sensorium.  Thus,  Benevolence  may  be  defined 
to  be  the  pleasurable  idea  of  the  happiness  of  others ;  the  whole  class  of 
Seltish  emotions,  on  the  other  hand,  is  nothing  else  tlmn  the  pleasurable 

I  contemplation  of  objects  of  supposed  value  to  self;  Cora  bat  iv  en  ess,  again, 
is  the  pleasurable  idea  of  antagonism  to  others ;  Yeneration,  the  pleasur* 
able  contemplation  of  rank  or  perfections  superior  to  our  own ;  Hope,  the 
pleasurable  anticipation  of  future  enjoyment ;  Cautiousness,  a  combination 
of  the  painful  contemplation  of  future  evil,  with  the  pleasurable  idea  of  the 
preeaations  taken  to  prevent  it — Now,  when  emotions  are  excited  by  ex- 
ternal sensations,  these  emotions  may  act  downwards  through  the  auto- 

linatic  system,  producing  movements  which  may  be  in  direct  antagonism  to 
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the  Will.  Thus  we  may  sec  or  hear  something  ludicrous,  which  involun- 
tarily provokes  laughter,  although  we  may  have  the  strongest  possible 
motives  for  desiring  to  restrain  it.  The  essential  distinctness  between 
Emotional  and  Volitional  actions  is  further  indicated  by  this ;  that  cases 
of  paralysis  not  unfrequently  occur  (especially  in  the  facial  nerve,  through 
which  the  muscles  of  "  expression"  are  for  the  most  part  excited  to  action), 
in  which  the  muscles  are  obedient  to  an  emotional  impulse,  though  the  will 
exerts  no  power  over  them ;  whilst  in  other  instances,  the  will  may  exert 
its  due  influence,  and  yet  the  emotional  state  cannot  manifest  itself.  There 
are,  moreover,  several  disordered  states  of  the  nervous  system  (such  as 
Chorea  and  Hysteria),  in  which  irregular  or  convulsive  movements,  totally 
unrestrainable  by  the  will,  are  directly  consequent  upon  emotional  excite- 
ment.— The  purely  Emotional  movements  are  not  always  directly  excited, 
however,  by  external  sensations ;  for  they  may  result  from  the  operations 
of  the  Mind  itself.  Thus,  involuntary  laughter  may  result  from  a  ludicrous 
idea,  called  up  by  some  train  of  association,  and  having  no  obvious  con- 
nection with  the  sensation  which  first  set  this  process  in  operation ;  and 
the  various  movements  of  the  face  and  person,  by  which  Actors  endeavor 
to  express  strong  Emotions,  are  most  effectual  in  conveying  their  meanine. 
when  they  result  from  the  actual  working  of  the  emotions  in  the  mind  of 
the  performer,  who  has,  by  an  effort  of  the  will,  identified  himself  (so  to 
speak)  with  the  character  he  personates.  A  still  more  remarkable  case  is 
that  in  which  paroxysms  of  Hysterical  convulsion,  in  themselves  beyond 
the  power  of  the  Will  to  excite  or  to  control,  are  brought  on  by  a  voinn- 
tary  effort ;  which  seems  to  act  by  "getting  up,"  so  to  speak,  the  state  of 
feeling  which  is  the  immediate  cause  of  the  disordered  moyements.  In  aD 
these  instances,  and  others  of  like  nature,  it  would  seem  as  if  the  agency  of 
the  Cerebrum  produced  the  same  condition  in  the  Sensory  ganglia  and 
their  motor  fibres,  as  that  which  is  more  directly  excited  by  sensations  ^^ 
ceived  through  their  own  afferent  nerves. — The  Emotions  are  concerned  in 
Man,  however,  in  many  actions  which  are  in  themselves  strictly  voluntarr. 
Unless  they  be  so  strongly  excited  as  to  get  the  better  of  the  Will,  they  do 
not  operate  downwards  upon  the  motor  system,  but  upwards  npon'tbe 
Cerebral ;  supplying  the  chief  motives  by  which  the  voluntary  dctermini- 
tions  are  guided  (§  691). 

G89.  Very  distinct  proof  has  been  afforded  by  recent  inquiries  that  there 
are  acts  of  mind  upon  the  body  which  are  neither  Volitional  nor  Emotional, 
but  originate  in  the  intense  excitement  of  Ideas^  which  have,  for  the  time, 
full  possession  of  the  consciousness,  and  express  themselves  in  mnscnlar 
movements.  Such  ideas  may  have  been  either  directly  excited  by  sensations, 
or  secondarily  developed  by  reasoning  processes ;  they  may  cither  remain 
obstinately  fixed  in  the  mind,  or  they  may  be  capable  of  being  displaced  by 
others  newly  excited  through  internal  or  extenial  suggestion.  In  any  caie\ 
nothing  more  is  required  than  that  they  should  possess  a  certain  degree  of 
intensity,  and  that  the  Will  should  exert  no  antagonizing  influence,  for  then 
to  operate  directly  upon  the  motor  nerves ;  and  this  they  may  do  when  the 
Will  is  in  a  state  of  abeyance  (as  in  the  states  of  Dreaming,  Somnambuliso, 
or  Abstraction),  or  when  it  simply  exerts  a  permissive  influence  (as  in  i 
large  proportion  of  our  ordinary  actions,  which  may  be  traced  to  the  direct 
influence  of  the  ideas  that  occupy  our  minds  at  the  time),  or  even,  pn^vided 
that  the  ideas  attain  the  force  of  "convictions,"  in  opposition  to  theTVill 
(as  wo  see  in  *'  biologized"  subjects  who  are  made  to  believe  that  they  mnUt 
do  thisy  or  cannot  do  that,  however  much  they  may  strive  to  act  in  opposition 
to  the  assurance).    It  is  in  those  peculiar  states  of  the  Human  Mind,  in  which. 
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the  power  of  the  Will  otcr  tlie  current  of  Thoogbt  beiBg  entirelj  suspended^ 
.  miy  Idea  that  may  far  the  time  be  present  to  the  con&eiotisnesg  acquire®  a 
•^COBflplcte  "  tlomiuancc^'  (however  much  it  may  be  opposed  to  the  ordinary 
experience  and  common  sense  of  the  indmduar),  that  we  have  the  most  re- 
markable exemplification  of  this  kind  of  action,  which  may  be  dcaignaltd  as 
ideo^wQtor.  But  that  which  is  abnormal  in  Man  seems  to  be  the  normal 
condition  of  the  Animals  wliich  motst  nearly  approach  him ;  for,  so  far  as 
we  can  judge  of  their  physical  endowments  from  their  actions,  these  seem 
to  operate  *' automatically  ;'^  their  Ideas  expressing  themselves  directly  in 
action,  without  being  subject  to  any  volitional  regulation,  just  as  do  those 
of  a  Somnambnle  j  and  the  course  of  their  thoughts  being  entirely  governed 
by  external  impressions,  or  by  the  remenihrance  (automatically  excited)  of 
past  ideas  or  emotions, 

690.  In  general,  however,  the  operation  of  Ideas  is  not  directly  to  call 
forth  movements^  but  to  stiggmt  other  ideas  in  a  more  or  less  orderly  sequence, 
eonstitnling  what  is  known  as  a  irfdn  nfthmtgkt  The  nature  of  this  sequence 
will  depend  in  imrt  apoii  the  original  constitution  of  the  species  and  of  the 
individual,  and  partly  (in  Man  especially)  upon  the  habits  of  thought  which 
may  have  been  previously  acquired ;  and  the  capacity  for  each  particular 
mode  of  mental  activity,  which  rnay  thus  be  either  "  original"  or  ^^  acquired," 
is  designated  a  tut ntal  faculty  ;  whilst  the  sum  of  all  the  faculties^  together 
with  those  Emotional  tendencies  which  in  great  degree  determine  the  mode 
and  degree  of  their  exercise,  constitutes  the  character, *-^Amoi\g  these  fa- 
culties, of  which  the  Ccrehmm  seems  to  be  the  instrnment,  the  following 
ruaj  be  specified  as  of  fundamental  import^ince.  That  of  MernQvy,  which  is 
one  of  those  first  awakened  in  the  opening  mind  of  the  Infant,  and  one  of 
which  we  find  traces  in  animals  that  seem  to  be  otherM^se  governed  by  pure 
Instinct,  is  obviously  the  first  step  towards  the  exercise  of  the  Heasoning 
powers;  since  no  eof^periene^^  can  be  obtained  without  it;  and  the  foundation 
of  all  intelligent  adaptation  of  means  to  ends,  lies  in  the  application  of  the 
knowledge  which  has  been  acquired  and  stored  np  in  the  mind.  There  Is 
strong  reason  to  believe  that  no  impression  of  this  kind,  once  made  upon 
the  Cerebrum,  is  ever  entirely  lost,  except  through  disease  or  accident,  which 
will  frequently  destroy  the  memorj'^  altogether,  or  will  annihilate  the  recol- 
lection of  some  particular  class  of  objects  or  of  words.  All  memory,  how- 
ever,  seems  to  depend  upon  the  principle  of  Suggestion ;  one  idea  being 
linked  with  another,  or  witli  a  particular  sensation,  in  such  a  manner  as  to 
be  called  up  by  its  recurrence  j  and  a  period  of  many  years  frequently  inter* 
veneSj  without  that  combination  of  circumstances  presenting  itself,  which  is 
requisite  to  arouse  the  dormant  impression  of  some  early  event.  Sometimes 
this  combination  occurs  in  dreaming,  delirium,  or  insanity;  and  ideas  arc 
i-ccalled,  of  which  the  mind,  in  a  state  of  healthy  activity,  has  no  remem- 
brance.— It  is  upon  the  ideas  directly  aronsed  in  the  mind  by  Sensorial 
changes,  or  brought  back  to  the  consciousuess  by  HecoUeciwn,  or  evolved 
by  the  process  of  Reflt^ction  (in  which  the  mind  perceives  its  own  operations, 
and  traces  relations  amongst  its  objects  of  thought),  or  generated  by  the 
Im&gtnation  (which  really  acts,  however,  rather  by  combining  into  new 
forms  than  by  creating  altogether  de  novo)^  that  all  acts  of  Rmsomn^  arc 
based.  These  consist,  for  the  most  part,  in  the  aggregation  and  collocation 
of  ideas,  the  decomposition  of  complex  ideas  into  more  simple  ones,  and 
the  combination  of  simple  ideas  into  general  ea^pressions ;  in  which  are  exer- 
cised the  faculty  of  Companmn^  by  which  the  relations  and  connections  of 
ideas  are  perceived — that  of  Abstraction^  by  which  the  attention  is  fixed  on 
any  particular  qualities  of  the  object  of  our  thought,  and  isolated  from  the 
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rest — and  that  of  Generalization ^  by  which  we  grasp  in  our  minds  some  de- 
finite notions  in  regard  to  the  general  relations  of  those  objects.  Notwith- 
standing that  such  processes  are  distinguished  by  ih^tXv psychical  nature  from 
those  already  considered,  they  must  be  regarded  as  in  themselves  essentially 
**  aulhmatic,"  and  as  constituting  the  manifestation  of  the  "  reflex"  activity 
of  the  Cerebrum.  There  is,  it  is  true,  far  less  of  uniformity  among  them  than 
we  observe  in  the  reflex  actions  of  other  parts  of  the  Nervous  Centres ;  but 
this  want  of  constancy  seems  attributable  in  part  to  diversities  in  the  original 
constitution  of  the  organ  in  diflferent  individuals,  and  in  part  to  diversities 
in  its  acquired  constitution,  arising  out  of  the  mode  in  which  they  have  been 
habitually  exercised,  as  in  the  case  of  the  ''  secondarily-automatic"  actions  of 
the  Cranio-Spinal  axis  (§  G84).  These  Mental  operations,  however,  are 
peculiarly  amenable  to  the  control  of  the  Will,  by  which  the  attention  is 
directed  to  any  one  object  of  thought  to  the  exclusion  of  others,  and  the 
whole  power  of  the  Intellect  thus  concentrated  upon  it  (§  692). 

091.  The  purely  Intellectual  processes  are  those  chiefly  concerned  in 
the  simple  acquirement  of  Knowledge;  with  which  class  of  operations  the 
Emotional  part  of  our  nature  has  very  little  participation.  But  in  those 
modes  of  exercise  of  our  Reasoning  powers,  which  are  chiefly  concerned  in 
the  determination  of  our  conduct^  the  Emotions,  &c.,  are  largely  concerned. 
They  chiefly  (if  not  solely)  act  upon  the  reasoning  powers,  by  modifying 
the  form  in  which  the  ideas  are  presented  to  the  mind ;  whether  these  ideas 
are  directly  excited  by  external  Sensations,  or  whether  they  are  called 
up  by  an  act  of  the  Memory,  or  result  from  the  exercise  of  the  Imagina- 
tion. For  as  they  essentially  consist  of  pleasurable  or  painful  feelings, 
connected  with  certain  classes  of  ideas,  the  former  produce  a  desire  of  the 
objects  to  which  they  relate,  the  latter  a  repugnance  to  them.  They  thas 
have  a  most  important  influence  upon  the  Judgment,  which  is  formed  by 
the  comparison  of  certain  kinds  of  ideas ;  and  they  may  consequently  modify 
the  Volitional  determination,  or  act  of  the  Will,  which  is  consequent  upon 
this,  and  which  may  either  be  directed  towards  the  further  operations  of 
the  mind  itself,  or  may  exert  an  immediate  influence  on  the  bodily  frame, 
by  the  agency  of  the  Xervous  System.  In  either  case,  it  is  the  character- 
istic distinction  of  a  Volitional  operation,  that  means  are  intentionally, 
and  by  a  conscious  efl*ort,  adapted  to  ends^  in  accordance  with  the  belief  of 
the  mind  as  to  their  mutual  relations.  Upon  the  correctness  of  that  de- 
cision, will  depend  the  power  of  the  action  to  accomplish  what  the  mmd 
had  in  view. 

G92.  The  power  of  the  Will,  when  fully  developed  in  Man,  is  especially 
exerted  in  controlling  and  directing  the  "automatic"  activity  of  the  Cer^ 
brum  ;  regulating  the  course  and  succession  of  Ideas,  as  well  as  the  degree 
of  Emotional  excitement,  by  its  power  of  fixing  the  attention  on  anv  object 
of  thought  which  it  may  determine  to  pursue,  and  of  with  lira  win  ""it  froB 
whatever  it  may  desire  to  keep  out  of  the  mental  view.  This  seems  to  be 
the  most  distinctive  attribute  of  the  Human  mind  in  its  highest  phase  of 
evolution ;  and  it  is  this  which  gives  to  each  individual  that  freedom  of 
action,  which  every  one  is  conscious  to  himself  that  he  is  capable  of  exert- 
ing. For,  notwithstanding  the  evidences  of  rationality  which  manv  of  the 
lower  animals  i>resent,  and  the  manifestations  which  they  display  "of  emo- 
tions that  arc  similar  to  our  own,  there  is  no  ground  to  believe  that  they 
have  any  of  that  controlling  power  over  the  psychical  operations,  which  « 
enjoy;  on  the  contrary,  all  observation  leads  to  the  conclusion,' that  they 
are  under  the  complete  domination  of  the  ideas  and  emotions'  by  which 
they  are  for  the  time  possessed,  and  have  no  power  either  of 
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lible  effort  of  tlic  Will,  or  of  taming  the  attention,  by  a  like 
effort,  into  anotber  channel.  In  the  early  stages  of  the  de- 
velopment of  the  Human  raind,  a  precisely  similar  stale  may  be  obserrcd  j 
the  coarse  of  thought  in  the  young  child  being  entirtly  governed  by  *'  sug- 
gest! on/ '  and  his  actions  hcing  the  expression  of  the  i<iea  that  may  happen 
at  the  time  to  be  **  dominant"  in  his  mind.  And  there  artj  adults  who 
have  acquired  so  little  of  this  power  of  self-control^  that  they  can  scarcely 
he  said  to  be  truly  Yoluutary  agents  ^  some  being  so  mueb  accustomed,  in 
consequence  of  the  weakness  of  their  Will,  to  act  directly  upon  the  idea  or 
emotion  that  may  gain  a  momentary  prominence  in  their  minds,  and  being 
thtis  chamcterized  by  an  infirmity  of  purpose  which  may  amount  to  actual 
imbecility;  whilst  others  allow  certain  dominant  idcag  or  hahitaal  feelings 
to  gain  such  a  mastery  over  them,  as  to  exercise  that  determining  power 
which  the  Will  alone  ought  to  exert,  thus  approaching  the  ''monomaniaeal'' 
form  of  Insanity.  On  Man's  power  of  self-direction,  all  the  highest  develop- 
ment, alike  of  his  Intellectual  powers  and  of  his  Moral  nature ^  essentially 
depends ;  and  it  is  especially  by  this  progremve  element  in  his  psychical 
constitution,  that  it  is  diatlnguishcd  from  that  of  the  lower  animals. — The 
power  of  the  Will  to  direct  the  course  of  thought ^  however,  is  not  un- 
limited ;  for  it  can  only  utilize  the  capacities  which  each  individual  pos* 
sesses,  by  selecting  from  those  ideas  and  feelings  which  may  present  them- 
selves to  his  consciousness,  such  as  he  desires  to  retain  and  employ ;  thus 
cultivating  and  strengthening  his  Intellectual  powers,  expanding  and  ele- 
vating his  Imagination,  and  training  and  disciplining  his  Moral  nature. 
The  Will  has  no  power  of  directly  bringing  before  the  mind  that  which  is 
not  already  present  to  it;  and  thus  it  cannot  introdnee  new  elements  into 
any  Man-s  psychical  nature,  although  it  enables  him  to  turu  to  the  most 
advantageous  n<3count  whatever  lie  may  possess.  Hence  arises  that  limita- 
tion of  his  capacity  for  progress,  which  is  involved  in  the  very  nature  of 
'  is  present  existence. 

693,  Although  Physiologists  have  been  accustomed  to  regard  the  WiH 

s  diredlti  dcttrmtninff  all  those  muscular  movements  which  are  usually  dii*- 
tinguished  as  Voluntary,  yet  a  careful  analysis  of  the  process  fully  bears 
out  the  inferences  which  might  he  erected  upon  the  considerations  already 
advanced — that  the  influenee  of  the  Will  is  not  directly  conTeyed  to  the 
muscles  by  filjres  beginning  iu  the  Cerebral  convolutions  and  proceeding 
to  the  muscles,  but  that  it  is  exerted  through  the  Cranio- Spinal  axis.  For 
it  has  been  shown  that  this  collection  of  centres  (the  Sensory  Ganglia, 
Medulla  Oblongata,  and  Spinal  Cord)  receives  alt  the  sensory  nerves,  and 
gives  origin  to  all  the  motor;  and  that  the  fibres  which  pass  between  the 
cerebral  convolutions  and  the  sensory  ganglia,  probably  serve  merely  to 
l»ring  these  organs  into  mutiiiil  relatiouj  and  are  not  continuous  with  those 
of  any  nerves,  eitlier  sensory  or  motor.— Now,  every  one  who  has  attcn- 
lively  considered  the  nature  of  what  we  are  accustomed  to  call  voluntary 
action,  has  been  struck  with  the  fact^  that  the  Will  simply  determines  ihe 
r^suk^  not  the  special  movements  by  which  that  result  is  brought  about. 
If  it  WTfc  otherwise,  we  sliould  he  dependent  upon  our  anatomical  know- 
ledge for  our  power  of  perfonning  even  the  simplest  movements  of  the 
body.  Again,  there  are  very  few  cases  in  wliieh  we  can  single  out  any 
individual  muscle,  and  put  it  in  action  independently  of  othert* ;  and  tho 
les  in  which  ive  can  do  so,  are  those  in  which  a  single  muscle  is  coo- 

erned  in  producing  the  resuU-^as  in  the  elevation  of  the  cyeUd;  and  wo 
then  really  single  out  the  muscle,  by  **  willing"  the  result,  ^  Thus,  then, 

owever  startling  the  position  may  at  first  appear,  we  have  a  right  to  aRirm 
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that  the  Will  cannot  exert  any  direct  or  immediate  power  over  the  mus- 
cles ;  but  that  its  determinations  are  carried  into  effect  throagh  an  inter- 
mediate mechanism,  which,  without  any  further  guidance  oo  our  own  part*, 
selects  and  combines  the  particular  muscles  whose  contractions  are  reqai- 
site  to  produce  the  desired  movement.  We  have  seen  that  the  Sensoriam 
(or  collection  of  sensory  ganglia)  plays,  go  to  speak,  upon  the  Cerebrum: 
sending  to  it  sensational  changes,  whereby  its  peculiar  activity  as  an  instni- 
ment  of  purely  mental  operations  is  called  forth;  and,  in  return,  the  Cere- 
brum appears  to  play  downwards  upon  the  motor  portion  of  the  automatic 
apparatus,  sending  to  it  volitional  impulses,  w^hich  excite  its  motorial 
activity.  And,  hence,  it  follows  that  all  the  movements  which  are  per- 
formed by  the  instrumentality  of  the  cerebro-spinal  nervous  system,  are  in 
themselves  automatic;  and  that  the  peculiarity  in  their  character — ^whether 
Excito-motor,  Consensual,  Ideational,  Emotional,  or  Voluntary — ^is  due  to 
the  speciality  of  the  source  and  seat  of  the  impulses  which  respectiTelj 
originate  them. 

694.  The  nerves  of  the  Sympathetic  System — in  which  tubular  fibre* 
derived  from  the  Cerebro-spinal  system  are  combined  in  various  proportions 
with  those  "gray"  or  "organic"  fibres  which  have  their  centres  in  the 
proper  Sympathetic  ganglia — ^possess  a  certain  degree  of  power  of  exciting 
Muscular  contractions,  in  the  various  parts  to  which  they  are  distributed. 
Thus,  by  irritating  them,  immediately  after  the  death  of  an  animal,  contrac- 
tions may  be  excited  in  any  part  of  the  alimentary  canal,  from  the  pharynx 
to  the  rectum,  according  to  the  trunks  which  are  irritated ;  in  the  heart, 
after  its  ordinary  movements  have  ceased;  in  the  aorta,  vena  cava,  and 
thoracic  duct ;  in  the  ductus  choledochus,  uterus,  Fallopian  tubes,  vas  d^ 
fcrens,  and  vesiculaj  seminales.  But  the  very  some  contractions  may  be 
excited  by  irritating  the  roots  of  the  Spinal  nerves,  from  which  the  Sym- 
pathetic trunks  receive  their  white  fibres ;  and  there  is,  consequently,  strong 
reason  to  believe  that  the  motor  power  of  the  latter  is  entirely  dependent 
upon  the  Cerebro-si)inal  system.  Whatever  sensory  endowments  the  Sym- 
pathetic trunks  possess,  are  probably  to  be  referred  to  the  same  connection. 
In  the  ordinary  condition  of  the  body,  these  are  not  manifested.  The  parts 
exclusively  supplied  by  Sympathetic  trunks  do  not  appear  to  be  in  the  least 
degree  sensible  ;  and  no  sign  of  pain  is  given,  when  the  Sympathetic  trunfc 
themselves  arc  irritated.  But  in  certain  diseased  conditions  of  those  organs. 
violent  pains  are  felt  in  them ;  and  these  pains  can  only  be  produced 
through  the  medium  of  fibres  communicating  with  the  Scnsorium  throngl! 
the  spinal  nerves. — It  is  difficult  to  speak,  with  any  precision,  as  to  the 
functions  of  the  Sympathetic  system.  There  is  much  reason  to  beliere, 
however,  that  it  constitutes  the  channel,  through  which  the  x>assions  and 
emotions  of  the  mind  affect  the  Organic  functions;  and  this  especiallj 
through  its  power  of  regulating  the  caliber  of  the  arteries.  We  have  ciam- 
pies  of  the  influence  of  these  states  upon  the  Circulation,  in  the  palpitation 
of  the  heart  which  is  produced  by  an  agitated  state  of  feeling ;  in  the  Syn- 
cope, or  suspension  of  the  heart's  action,  which  sometimes  comes  on  from 
a  sudden  shock ;  in  the  acts  of  Blushing  and  turning  pale,  which  consist 
in  the  dilatation  or  contraction  of  the  small  arteries ;  in  the  sudden  increatt 
of  the  salivary,  lachrymal,  and  mammary  Secretions,  under  the  iufluenceof 
particular  states  of  mind,  which  increase  is  probably  due  to  the  temporary 
<lilatation  of  the  arteries  that  supply  the  glands,  as  in  the  act  of  blushiof : 
and  in  many  other  phenomena.  It  is  probable  that  the  Sympathetic  sys- 
tem not  only  thus  brings  the  Organic  functions  into  relation  with  the 
Animal,  but  that  it  also  tends  to  harmonize  the  former  with  each  other. 
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SO  as  to  bring  the  various  acts  of  Secretion,  Nutrition,  &c.,  into  mutaal 
confonnity.  Of  the  distinctive  function  of  the  "  gray"  or  "  organic"  fibres 
and  of  their  ganglionic  centres,  constituting  the  proper  ^nsceral  system,  we 
have  no  certain  knowledge ;  but  they  not  improbably  may  have  some  direct 
influence  upon  the  chemical  processes  which  are  involved  in  such  changes, 
and  may  thus  afifect  the  quality  of  the  secretions ;  whilst  the  office  of  the 
tubular  fibres  may  be  rather  to  regulate  the  diameter  of  the  bloodvessels 
supplying  the  glands,  and  thus  to  determine  the  quantity  of  their  products. 

3.   General  Summary. 

695.  A  retrospective  view  of  the  ground  over  which  we  have  now  passed, 
will  lead  us  to  some  interesting  conclusions. 

I.  It  has  been  shown  that  the  movements  occasionally  exhibited  in  the 
Vegetable  kingdom  do  not  imply  the  existence,  in  its  members,  of  Con- 
sciousness or  of  a  guiding  Will ;  being  merely  dependent  upon  that  pro- 
perty of  contractility  upon  the  application  of  a  stimulus,  which  may  be 
regarded  as  due  to  the  peculiar  manner  in  which  the  elements  of  the  con- 
tractile tissues  are  combined  and  arranged.  Hence,  Vegetables  may  be 
considered  as  peculiarly,  though  not  exclusively,  constituting  the  Kingdom 
of  Organic  Life, 

n.  In  immediate  connection  with  the  lowest  of  the  Vegetable  kingdom, 
are  the  lowest  of  the  Animal  tribes,  the  Protozoa  and  lower  Radiata. 
Here,  we  see  indications  of  the  same  simple  contractility  which  Plants  en- 
joy ;  but  this  has  a  more  important  relation  to  the  well-being  of  the  indi* 
Tidual,  and  forms  a  more  prominent  part  of  its  vital  actions.  The  move- 
ments which  they  exhibit,  are  not,  any  more  than  the  like  movements 
presented  by  Plants,  to  be  in  themselves  regarded  as  manifestations  of 
consciousness ;  and  we  have  no  other  evidence  of  their  possession  of  sensi- 
bility. Still,  although  no  distinct  Nervous  System  can  be  detected  in 
them,  there  is  an  analogical  probability  that  some  feeling,  however  obscure 
and  indefinite,  is  excited  by  impressions  made  upon  them,  probably  resem- 
bling that  which  we  ourselves  derive  from  states  of  the  digestive  apparatus. 

ni.  In  addition  to  the  movements  proceeding  from  the  direct  excitement 
of  contractile  tissues,  we  witness  others,  in  the  higher  Eadiata,  and  in  the 
lower  Articulata  and  Mollusca,  which  are  consequent  upon  impressions 
made  on  distant  parts  and  transmitted  through  the  nervous  system ;  and 
some,  even,  which  seem  to  be  performed  under  the  guidance  of  sensation ; 
although  none  which  clearly  evince  intelligence  and  design  on  the  part  of 
the  animals  themselves.  Proceeding  still  further,  we  observe  these  "in- 
stinctive" movements  becoming  more  complex  in  their  character,  and  more 
refined  and  special  in  their  objects ;  until  we  arrive  at  the  class  of  Insects, 
which  seem  to  possess  the  highest  development  of  the  Instinctive  faculties, 
of  any  known  animals.  But  we  do  not  find  Intelligence  by  any  means  in- 
creasing in  the  same  ratio.  On  the  contrary,  it  remains  very  low ;  and  its 
power  of  modifying  the  dictates  of  Instinct,  when  these  happen  (from  par- 
ticular causes)  to  be  erroneous,  is  very  slight.  If  we  further  inquire,  in 
what  orders  of  Insects  this  power  is  most  strikingly  manifested,  we  shall 
have  little  hesitation  in  fixing  upon  the  Hymenoptera  and  Neuropterct; 
which  include  the  Bee,  Wasp,  Ant,  White  Ant,  and  other  social  Insects. — 
Now  it  is  not  a  little  remarkable,  that  Insects  should,  of  all  classes  of  Ani- 
mals, be  most  distinguished  for  locomotive  power  (as  compared  with  their 
size) ;  and  that,  of  all  Insects,  the  Hymenoptera  and  Neuroptera  possess 
this  power  in  the  highest  degree.  It  is  evident  that  the  higher  kinds  of 
44 
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instmctiye  actions,  inclading^  the  peculiar  endowments  of  the  uervons  mil 
muscular  f?ystems  just  referred  to,  have  for  their  object  the  main  ten  niire  of 
animal  life,  m  distinguished  on  tbe  one  hand  from  the  mere  arganic  life  of 
Yegetables,  and  from  the  mental  or  psychical  life  of  higher  being«,  on  the 
other.  Hence^  we  should  regard  Insects,  and  especially  the  Hymenoptem 
and  Neuroptera,  as  typical  of  the  Kingdom  of  AfumaJ  Life.  In  this,  ve 
find  the  movements  which  are  produced  by  ihe  direct  contractilitT  of  ih* 
tissues  stimulated,  bearing  a  smaller  and  Mill  sToaller  proportion  to  the 
whole ;  and  at  last  restricted  merely  to  tlie  parts  immediately  concerned  in 
the  maintenance  of  the  organic  functions,  with  wliich  they  always  remain 
associated  (§  628). 

IV,  Ascending  from  the  Articulated  through  the  V'erUhmted  seriftt,  ve 
observe  a  gradually  increasing  development  of  the  reasoning  powet?  Of 
Intelligence ;  and  a  gradual  fading  away  of  the  Instincts,  which  becoone 
subordinate  to  the  higher  psychical  faculties.  A  comparison  between  tlifi 
h&bit9  of  Birds  and  those  of  Insects,  will  pot  this  in  a  strikiug  light 
Several  points  of  structural  and  physiological  correspondence  exiiti  be- 
tween these  two  classes,  indicating  that  they  hold  a  correipoiiditig  rank  b 
their  respective  sub-kingdoms.  But  whilst  nearly  all  tlie  actiouj^  of  Ini^eeti 
appear  to  be  under  the  guidance  of  pare  unvarying  instinct,  those  of  Biri«, 
w^hilst  evidently  prompted  by  similar  impulses,  are  yet  capable  of  greit 
modification  in  each  individual  (aceording  to  the  peculiar  clrcuiustanctM  hx 
which  it  may  happen  to  be  placed)  by  the  influence  of  its  reasoning  fwul- 
ties.  Yet  even  in  animak  which  posBe^s  a  certain  capability  of  delrrmi- 
nately  adapting  means  to  ends,  by  the  operation  of  a  real  Intelligence,  aad 
which  present,  moreover,  some  approach  to  the  moral  nature  of  Man,  liit 
psychical  nature  still  wants  that  completeness  which  shall  mak^  them  truly 
independent  agents;  for  they  do  not  seem  to  possess  the  power  of  dt 
mining  their  course  of  thought  and  of  action  by  an  effort  of  the  " 
which  is  the  characteristic  attribute  of  Man,  lj«t  appear  to  be  ^ 
under  the  domination  of  whatever  ideas  or  passions  may  for  the  time  poa- 
gess  their  minds. 

V.  When  we  come,  however,  to  Man,  wc  find  the  pnre  Instincts  hmaclit 
under  such  subordination  to  the  higher  Psychical  nature,  ami  thi-     " 
BO  completely  under  the  control  of  the  Will,  that  it  is  only  whew  i 
is  still  dormant  or  undeveloped,  as  is  the  case  in  infancy  oV  idiocy, 
the  balance  is  destroyed  by  disease,  as  in  iiuanity,  that  thi*  um^ 
operation  of  the  automatic  tendencies  is  witnessed.     It  \^  easy  to 
the  final  cause  for  this  change.     If  the  organization  of  the  n'uitijn 
had  been  adapted  to  perform  all  the  actions  necessary  for  the  * 
maintenance  of  his  existence,  with  the  same  certainty  aud  fn-i-kt 
voluntary  effort  as  we  perceive  wliere  pure  instinct  is  tlie  gov*  r 
pie — and  if  all  bis  sensations  had  given  rise  to  intuitive  percept  ;.-,<-, 
of  those  perceptions  being  acquired  by  the  exercise  of  his  mind^^it  u  cn- 
dtmt  that  external  circumstances  would  have  created  nn  stiiDnlns  to  the 
im|*rovement  of  his  intellectual  powers,  and  that  the  strength  of  Ui  b* 
gtinetive   propensities  would   have  diminished  the  freedom  of  bk  nonl 
agency.     Although,  therefore,  to  al!  the  actions  imm^diaitif  j^^emmtf  bi 
Hie  mfuntrnanr*?  of  his  own  existence,  and  for  the  con  •-  of  Ui  fi», 

a  powerfn!  in^^tinct  strongly  inijiels  him,  these  proji'  ■  otild  not  be 

gratiHcd,  if  the  menus  were  not  provided  by  the  excreise  of  ihott  JMrtol 
powers,  wliii  b  he  enjoys  in  a  degree  far  exceed ing  those  of  any  otlM  !»* 
rei^triiil  bein|^, — ircncc,  we  ^hfmld  Ije  led  to  regard  his  place  tn'tht  AfliBii 
Kingdom,  as  being  not  at  its  heat]  or  In  its  eeotre,  bat  at  Ui«  tjiti«»i  i 
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remote  from  its  point  of  contact  with  the  kingdom  of  Organic  life ;  in 
fact,  at  the  point  at  which  we  may  believe  it  to  touch  another  Elingdom, 
that  of  pure  Intelligence,  Such  a  view  tends  to  show  the  true  nobiUty  of 
Man's  rational  and  moral  nature ;  and  the  mode  in  which  he  may  most 
effectually  fulfil  the  ends  for  which  his  Creator  designed  him.  He  may 
learn  from  it  the  evil  of  yielding  to  those  merely  animal  propensities,  those 
"  fleshly  lusts,  which  war  against  the  soul,"  that  are  characteristic  of  beings 
so  far  below  him  in  the  scale  of  existence ;  as  well  as  the  dignity  of  those 
pursuits  which  exercise  the  intellect,  and  which  expand  and  strengthen 
those  lofty  moral  feelings  which  he  alone,  of  terrestrial  beings,  is  capable 
of  entertaining ;  and  which  tend  to  develop  that  self-directing  power  which 
becomes  the  instrument,  when  rightly  employed,  of  all  his  noblest  achieve- 
ments.— The  relation  of  the  different  parts  of  this  highest  form  of  the 
Nervous  System  to  each  other,  and  of  the  Will  to  the  whole,  may  be  made 
more  clear  by  the  following  Table ;  which  represents  the  ordinary  course 
of  its  operation,  when  in  a  state  of  complete  functional  activity,  and  at  the 
same  time  shows  the  character  of  the  reflex  activity  which  each  part  dis- 
plays, when  it  is  the  highest  centre  that  the  impression  can  reach.     The 


►  THE  WILL- 


Intellectcud  Operationi. — ' 
A  A 


Emotions 


.  Cerebbuu 

centre  of  emotional  and  uieo- motor  reflexion 


Ideu 


Sensations 


Sensory  Ganqlia 


centre  of  sensori-inotor  reflexion 


I 

Impressions  . 


Motor  Impulse 


Spinal  Cord 


centre  of  exctto-motor  reflexion 


general  rule  of  action  appears  to  be,  that  the  impressions  made  by  external 
objects  upon  the  afferent  nerves,  when  transmitted  to  the  Spinal  Cord, 
ascend  towards  the  Cerebrum,  without  exciting  any ''reflex"  movements 
in  their  course.  When  such  an  impression  arrives  at  the  Sensorium,  it 
excites  the  consciousness  of  the  individual,  and  thus  gives  rise  to  a  sensa^ 
Hon;  and  the  change  thus  induced,  being  further  propagated  from  the 
Sensory  ganglia  to  the  Cerebrum,  gives  occasion  to  the  formation  of  an 
idea.  It,  with  this  idea,  any  pleasurable  or  painful /ec/m^j  should  be  asso- 
ciated, it  assumes  the  character  of  an  emotion  ;  and  the  primary  idea,  with 
or  without  emotional  complication,  becomes  the  subject  of  intellectual  ope- 
rations,  whose  final  issue  is  in  a  volitional  determination,  or  act  of  the 
WJll,  which  may  be  exerted  either  in  producing  or  in  checking  a  muscular 
movement,  or  in  controlling  or  directing  the  current  of  thought — ^But  if 
this  upward  course  be  anywhere  interrupted,  the  impression  will  then  exert 
its  power  in  a  transverse  direction,  and  a  "reflex"  action  will  be  the  result, 
the  nature  of  this  being  dependent  upon  the  part  of  the  Cerebro-Spinal 
axis,  at  which  its  ascent  had  been  checked.     Thus,  if  the  interruption  be 
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prodaced  by  injury  or  division  of  the  Spinal  Cord,  so  that  its  lower  part 
is  cut  off  from  communication  with  the  Encephalic  centres,  this  portion 
then  acts  as  an  independent  centre ;  and  impressions  made  upon  it  throagh 
the  afferent  nerves  proceeding  to  it  from  the  lower  extremities,  excite  vio- 
lent movements,  although  they  call  forth  no  sensation ;  moTements  thus 
prompted  are  hence  designated  exctto-motor.  Such,  we  have  every  reasoa  to 
believe,  must  be  the  character  of  nearly  all  the  movements  of  those  animak, 
whose  nervous  centres  correspond  rather  to  the  Spinal  Cord  of  VertebraU, 
than  to  any  higher  portions  of  their  system.  If,  again,  the  impression 
should  reach  the  Sensorium,  but  should  be  prevented  by  the  removal  of  the 
Cerebrum,  or  by  its  state  of  functional  inaction,  or  by  the  direction  of  its 
activity  into  some  other  channel,  from  calling  that  organ  into  use,  it  may 
react  upon  the  motor  apparatus  through  the  Sensory  ganglia  themselves ; 
producing  *'  reflex"  actions  of  the  class  that  may  be  termed  sensari-fmflor 
or  consenstialf  since  they  cannot  be  excited,  unless  the  conscioasness  be  tt 
the  same  time  affected  by  the  impression.  This,  too,  will  be  the  ordinaiy 
modus  operandi  of  the  Nervous  System  of  those  animals,  which  hire 
scarcely  any  rudiment  of  a  Cerebrum ;  and  the  "excito-motor"  and  "sen- 
sori-motor"  actions  together  form  that  group,  to  which  the  term  InsHnedtt 
is  commonly  applied. — But,  further,  if  the  Cerebrum  should  be  in  a  state 
of  activity,  but  the  Will  be  in  abeyance,  it  too  responds  automatically  to 
any  stimulus  which  it  may  receive  from  the  Sensory  Ganglia ;  ideas  and 
emotions,  either  directly  resulting  from  that  impression,  or  called  up  bj 
the  psychical  changes  which  it  may  excite,  express  themselves  in  action 
without  any  volitional  direction  or  restraint ;  and  the  course  of  thought, 
and  consequently  of  conduct,  is  thus  governed  entirely  by  external  influ- 
ences, whose  actions  on  the  system  is  tdeo-motor.  Such,  there  is  strong 
reason  to  believe,  is  the  condition  of  those  Yertebrated  animals  which  most 
nearly  approach  Man ;  for  these,  although  unquestionably  possessing  a  higli 
degree  of  Intelligence,  do  not  appear  to  exert  any  purely  volitional  power 
over  the  workings  of  their  minds,  which  seem  to  correspond  exactly  to 
those  that  take  place  automatically  in  ourselves,  when  the  domination  of 
the  Will  is  temporarily  or  permanently  suspended. 

696.  In  tracing  the  progressive  complication  of  the  Psychical  manifesta- 
tions, during  the  early  life  of  the  Human  being,  a  remarkable  correspond- 
ence may  be  observed  with  that  gradual  increase  in  mental  endowments, 
which  is  to  be  remarked  in  ascending  the  Animal  scale.  The  first  moT^ 
ments  of  an  Infant  are  evidently  of  a  purely  automatic  character,  and  tn 
directed  solely  to  the  supply  of  its  physical  wants ;  they  are  thus  analogous 
to  the  instinctive  actions  of  the  lowest  animals  possessed  of  a  nervous  sys- 
tem. The  new  sensations  which  are  constantly  being  excited  by  surround- 
ing objects,  call  into  exercise  the  dormant  powers  of  mind;  notions  ire 
acquired  of  the  character  and  position  of  external  objects ;  and  the  simple 
processes  of  association,  with  its  concomitant — ^memory,  are  actively  en- 
gaged during  the  first  months  of  an  infant's  life.  At  the  same  time  an 
attachment  to  persons  and  places  begins  to  manifest  itself.  All  these  are 
the  characteristics  of  the  great  majority  of  the  lower  Vertebrata,  so  far,  ai 
least,  as  our  knowledge  of  their  springs  of  action  enables  us  to  form  a  jndp^ 
raent.  As  the  child  advances  in  age,  the  powers  of  observation  are 
strengthened;  the  perceptions  become  more  distinct;  those  powers  of  re- 
flection are  called  out  which  prompt  him  to  reason  upon  the  causes  of  wbat 
he  observes,  and  his  growing  intelligence  enables  him  to  direct  his  actions 
to  the  attainment  of  objects  of  his  desires ;  and  at  the  same  time  we  obserre 
the  development  of  moral  feelings,  which  are  at  first  manifested  only  towards 
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beings  who  are  the  objects  of  sense.  Among  tbe  more  fiagacions  quad- 
rupeds, it  is  easj  to  discover  instances  of  reasoning  as  close  and  prolonged 
as  that  which  usually  takes  place  in  early  childhood ;  and  the  attachment 
of  the  dog  to  man  is  evidently  influenced  by  moral  feelbgf ,  of  which  the 
latter  Is  the  object.  "Man,"  it  was  expressively  said  by  Burns,  '*is  the 
God  of  the  dog."  Up  to  this  point,  then,  we  observe  nothing  peculiar  in 
the  character  of  Man  \  and  it  is  only  when  he  becomes  capable  of  directing 
his  course  of  thought  and  action  by  a  strictly  volitional  determination,  and 
when  his  higher  intellectual  and  moral  endowments  begin  to  manifest  them- 
aclres,  especially  those  relating  to  an  invisible  Being,  that  we  can  point  to 
any  obvious  distinction  between  the  immortal  -^vz^  of  man,  and  the  transi- 
to  17  IT  HI?/*  a  of  the  brutcB  that  perish.  May  w^e  not  regard  these  endowments 
as  here  eitistitig  but  as  the  germs  or  rudiments  of  those  higher  and  more 
exalted  faculties  which  tiie  Kuman  mind  shall  possess,  when,  purified  from 
the  dross  of  earthly  passions,  and  enlarged  into  tbe  comprehension  of  the 
whole  scheme  of  Creation,  the  soul  of  Man  shall  reflect,  without  shade  or 
diminution,  tbe  full  effulgence  of  the  Love  and  Power  of  its  Maker  ? 

[In  the  foregoing  outline  of  the  Stracture  and  Actioija  of  the  Nervous  System ^  the 
i  JiuthoT  hu  s^imply  aimed  to  eipresa  hia  own  present  convictions,  and  not  to  truce  the 
history  of  the  iaq^i^3^  He  deems  it  but  justt  however^  to  stnte,  ihsLt^  although  be  bus 
been  led  to  abandon  eoiqo  parts  of  Dr.  Milts  ball  HalFs  ajatexn  of  dootrines,  if  hi  eh  he 
formerly  embraced,  be  still  regards  the  results  of  that  geDtlemao's  inqtijries  as  worthy 
of  a  plficc  amoug  tbe  most  importjmt  physiological  discoveries  of  any  age*  In  his  pro- 
gress towards  irhat  he  now  beliOTOfl  to  be  the  true  view  of  the  relation  of  tbe  Spinal 
>  Uord  and  its  nervei  to  the  Cerebrum ^  he  has  been  purtlj  guided  by  the  views  of  Me&srt , 
Todd  and  Bowman;  from  whom^  however,  be  dissents,  in  regarding  tbo  Seofiory  Qan- 
glift  ftf  ptrts  of  tbe  Autouiatic  apporatna,  and  in  assigning  to  them  function s  altogether 
mdependeiit  of  the  Cerebrum.  Uta  views  on  thij3  bubject  were  formed  as  far  back  as 
the  year  1837;  and  were  expressed  in  a  paper,  **0n  tbe  Volmatary  and  Instinctive 
Aetious  of  Living  Beings^"  publisbed  in  the  "  Edlnb.  Med.  aod  Surg.  Jourti,"  No.  oxxaiL 
In  ki?  general  ideas  of  the  relations  of  tbo  different  modes  of  nervous  activity,  and  of 
their  predorainaiiec  in  different  tribes  of  nnimab  reapcclivclj,  be  tinda  himself  in  oloso 
and  unexpected  accordance  with  Unier,  whose  work  entitled  **Er3te  QrQade  einer 
rUysiologie  dcr  eigentlichen  thierisohen  Natur  thieriachor  Korper,"  published  in  1771, 
displays  an  insight  into  the  physiology  of  the  Nervous  gjatem,  wbieb  is  the  more  won- 
deifuK  when  the  imperfect  stute  of  Anatomical  knowledge  (and  especially  of  Compara- 
tive Anntomj)  at  that  period  is  borne  in  mind. — The  whole  of  tbe  latter  portion  of  the 
fliibject^  and  cspeciallj  the  relation  of  the  Will  to  tbe  Automatic  activity  of  the  Cere- 
brum, will  be  found  muoh  more  fully  discussed  in  the  Anthor^s  "Human  Physiology/' 
6lh  Am.  Edit.  Chap.  liv.  Sect.  5.] 


CHAPTER    XIV, 


OF    SENSATION,    AND    THE    OEGANS    OF    SENSE* 
1.    0/  Sfinsatton  in  General. 

697.  It  geems  probable  that  all  Animals  wbicli  possess  a  definite  Xervous 
System,  bave  a  ja^rcater  or  less  degree  of  cott^etomneu  of  the  impressions 
made  npoo  it,  whether  by  extemd  objects^  or  by  changes  taking  place  in 
their  own  organism  ;  and  to  ihis  coDScioufiuess,  we  give  the  name  of  ienst- 
Miity.  It  is  very  importnnt  to  bear  in  mind,  however,  that  although  we 
conimouly  refer  onr  sensations  to  the  parts  on  which  the  irapressiong  are 
I  made,  and  speak  of  these  parts  as  possessing  sendbility,  we  really  use  in- 
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correct  language ;  since  that  of  which  we  are  actually  conscions,  is  the 
change  in  the  central  sensorium,  resulting  from  the  excitement  of  its  nervous 
polarity  by  the  force  transmitted  from  the  periphery ;  and  the  difference 
between  what  are  called  "sensible"  and  "insensible"  parts  of  the  body 
consists  in  this,  that  the  former  can  receive  and  transmit  the  impressioos 
which  thus  arouse  the  consciousness,  whilst  the  latter  are  unable  to  do  so. 
This  is  evident  from  two  facts ;  Jlrst,  that  if  the  nervous  communication  of 
any  "sensible"  part  with  the  sensorium  be  interrupted,  no  impressions, 
however  violent,  can  make  themselves  felt ;  and  second,  that  if  the  trunk  of 
the  nerve  be  irritated  or  pinched,  anywhere  in  its  course,  the  pain  which  is 
felt  is  referred,  not  to  the  point  injured,  but  to  the  surface  to  which  these 
nerves  are  distributed.  Hence  the  well-known  fact,  that,  for  some  time 
after  the  amputation  of  a  limb,  the  patient  feels  pain,  which  he  refers  to 
the  fingers  or  toes  that  have  been  removed ;  this  continues,  until  the  irri- 
tation of  the  cut  extremities  of  the  nervous  trunks  has  subsided. 

698.  It  would  seem  probable  that,  among  the  lower  tribes  of  Animals, 
there  exists  no  other  kind  of  sensibility  than  that  termed  '*  general"  or 
"  common ;"  which  exists,  in  a  greater  or  less  degree,  in  almost  every  part 
of  the  bodies  of  the  higher.  It  is  by  this,  that  we  feel  those  impressions, 
made  upon  our  bodies  by  the  objects  around  us,  which  produce  the  various 
modifications  of  pain,  the  sense  of  contact  or  resistance,  and  others  of  a 
similar  character.  From  the  dependence  of  the  impressibility  of  the  sen- 
sory nerves  upon  the  activity  of  the  circulation  in  the  neighborhood  of  their 
extremities,  it  is  obvious  that  no  parts  destitute  of  bloodvessels  can  receive 
such  impressions,  or  (in  common  language)  can  possess  sensibility.  A^ 
cordingly,  we  find  that  the  Hair,  Nails,  Teeth,  Cartilages,  and  other  parts 
that  are  altogether  extravascular,  are  themselves  destitute  of  sensibUitj; 
although  certain  parts  connected  with  them,  such  as  the  bulb  of  the  hair, 
or  the  vascular  membrane  lining  the  pulp-cavity  of  the  tooth,  may  be  acatdy 
sensitive.  Again,  in  Tendons,  Ligaments,  Fibro-cartilages,  Bones,  4c., 
whose  substance  contains  very  few  vessels,  there  is  but  a  very  low  amount 
of  sensibility.  On  the  other  hand,  the  Skin  and  other  parts,  which  are 
peculiarly  adapted  to  receive  such  impressions,  are  extremely  vascolar; 
and  it  is  interesting  to  observe,  that  some  of  the  tissues  just  mentioned 
become  acutely  sensible,  when  new  vessels  form  in  them  in  consequence  of 
diseased  action.  It  does  not  necessarily  follow,  however,  that  parts  shonld 
be  sensible  in  a  degree  proportional  to  the  amount  of  blood  they  may  coi- 
tain ;  for  this  blood  may  be  sent  to  them  for  other  purposes,  and  they  may 
contain  but  a  small  number  of  sensory  nerves.  Thus,  it  is  a  condition 
necessary  to  the  action  of  Muscles,  that  they  should  be  copiously  snppUed 
with  blood  ;  but  they  arc  by  no  means  acutely  sensible;  and,  in  like  man- 
ner, Glands,  which  receive  a  large  amount  of  blood  for  their  peculiar  par- 
poses,  are  far  from  possessing  a  high  degree  of  sensibility. 

699.  But  besides  the  "  general"  or  "common"  sensibility,  which  is  dif- 
fused over  the  greater  part  of  the  body,  there  are  certain  parts  in  most 
animals,  which  are  endowed  with  the  property  of  receiving  impressions  of 
a  peculiar  or  "  special"  kind,  such  as  sounds  or  odors,  that  would  have  no 
influence  on  the  rest ;  and  the  sensations  which  these  excite,  being  of  a 
kind  very  different  from  those  already  mentioned,  arouse  ideas  in  our  minds 
which  we  should  never  have  gained  without  them.  Thus,  although  wc  can 
acquire  a  knowledge  of  the  shape  and  position  of  objects  by  the  touch,  we 
could  form  no  notion  of  their  color  without  sight,  of  their  sounds  withoot 
hearing,  or  of  their  odors  without  smell.  The  nerves  which  convey  these 
"special"  impressions,  are  not  able  to  receive  those  of  a  " common"  kind; 
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thus  the  eye,  however  well  fitted  for  seeing,  would  not  feel  the  touch  of 
the  finger,  if  it  were  not  supplied  by  branches  from  the  Fifth  pair,  as  well 
as  by  the  Optic.  Nor  can  the  diflferent  nerves  of  "special"  sensation  be 
affected  by  impressions  that  are  adapted  to  operate  on  others ;  thus,  the 
Ear  cannot  distinguish  the  slightest  difference  between  a  luminous  and  a 
dark  object ;  nor  could  the  Eye  distinguish  a  sounding  body  from  a  silent 
one,  except  when  the  vibrations  can  be  seen.  But  Electricity  and  other 
Physical  Forces,  when  applied  to  the  several  nerves  of  special  sense,  may 
excite  the  sensations  peculiar  to  each  respectively. 

TOO.  It  is  further  important  to  keep  in  mind  the  distinction  between  the 
sensations  themselves,  and  the  ideas  which  are  the  immediate  results  of 
those  sensations,  when  they  are  perceived  by  the  mind.  These  ideas  relate 
to  the  cause  of  the  sensation,  or  the  object  by  which  the  impression  is 
made.  Thus,  the  formation  of  the  picture  of  an  object  upon  the  retina, 
produces  a  certain  impression  upon  the  optic  nerve;  which,  being  con- 
veyed to  the  sensorium,  excites  a  corresponding  sensation ;  and  with  this, 
in  all  ordinary  cases,  we  immediately  connect  an  idea  of  the  nature  of  the 
object.  So  closely,  indeed,  is  this  idea  usually  related  to  the  sensation, 
that  we  are  not  in  the  habit  of  making  a  distinction  between  the  two.  We 
find  that  some  of  these  perceptions  or  elementary  notions  are  intuitive;  that 
is,  they  are  prior  to  all  experience,  and  are  as  necessarily  connected  with 
the  sensation  which  produces  them,  as  *' reflex"  movements  are  with  the 
impression  that  excites  them.  This  seems  to  be  the  case,  for  example, 
with  regard  to  erect  vision.  There  is  no  reason  whatever  to  think  that 
either  infants  or  any  of  the  lower  animals  see  objects  in  an  inverted  posi- 
tion, until  they  have  corrected  their  notion  by  the  touch ;  for  there  is  no 
reason  why  the  inverted  picture  on  the  retina  should  give  rise  to  the  idea 
of  the  inversion  of  the  object.  The  picture  is  so  received  by  the  mind,  as 
to  convey  to  us  an  idea  of  the  positron  of  external  objects,  which  harmo- 
nizes with  the  ideas  we  derive  through  the  touch ;  and  whilst  we  are  in 
such  complete  ignorance  of  the  manner  in  which  the  mind  becomes  con- 
scions  of  the  sensation  at  all,  we  need  not  feel  any  difficulty  about  the 
mode  in  which  this  conformity  is  effected.  But  in  Man,  the  attaching  defi- 
nite ideas  to  certain  groups  of  lines,  colors,  &c.,  with  respect  to  the  objects 
they  represent,  is  a  subsequent  process,  in  which  experience  and  memory 
are  essentially  concerned ;  as  we  see  particularly  well,  in  cases  of  no  unfre- 
quent  occurrence,  in  which  the  sense  of  sight  has  been  acquired  compara- 
tively late  in  life,  and  in  which  the  mode  of  using  it,  and  of  connecting  the 
sensations  received  through  it  with  those  received  through  the  touch,  has 
had  to  be  learned  by  a  long-continued  training.  The  elementary  notions 
thus  formed,  which  may,  by  long  habit,  present  themselves  as  immediately 
and  unquestionably  as  if  they  were  intuitive,  are  termed  acquired  per- 
ceptions. 

701.  It  is  probable  that,  among  the  lower  animals,  the  proportion  of 
intuitive  perceptions  is  much  greater  than  in  Man ;  whilst,  on  the  other 
hand,  his  power  of  acquiring  perceptions  is  much  greater  than  theirs.  So 
that,  whilst  the  young  of  the  lower  animals  very  soon  become  possessed  of 
all  the  knowledge,  which  is  necessary  for  the  acquirement  of  their  food,  the 
construction  of  their  habitations,  &c.,  their  range  is  very  limited,  and  they 
are  incapable  of  attaching  any  ideas  to  a  great  variety  of  objects,  of  which 
the  human  mind  takes  cognizance.  This  correspondence  between  the 
"acquired"  perceptions  of  Man,  and  the  ''intuitive"  perceptions  of  many 
of  the  lower  animals,  is  strikingly  evident  in  regard  to  the  power  of  mea- 
suring distance ;  which  is  acquired  very  gradually  by  the  Human  infant,  or 
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by  a  person  who  has  first  obtained  the  faculty  of 
which  13  obvioasly  possessed  by  many  of  the  lower  I 
teDimee  it  is  essential,  immediately  upon  their  ei 
Thns  a  Flycatcher,  immediately  after  its  exh  from  t 
to  peck  at  and  capture  an  insect — au  action  whic 
appreciation  of  distance,  as  well  as  a  power  of  ] 
moscular  movements  iu  accordance  with  it. 


2.    0/  the  Sense  of  T&usk 

702,  By  the  sense  of  Touch  is  usually  understo 
the  common  sensibility  of  the  body,  of  which  the  si: 
especial  seat*  but  which  exists  also  in  eorae  of  its 
some  animals^  as  in  Man,  nearly  the  whole  exterior 
with  it,  ia  no  inconsiderable  degree ;  whilst  in  oth< 
ber  of  Mammalia,  most  Birds,  Reptiles,  and  Fishee, 
of  the  Invertebrata,  the  greater  part  of  the  body  i 
scalei,  bony  or  homy  plates^  shells  of  various  kind 
lops,  &c.,  as  to  be  nearly  insensible;  and  the  faci 
tieular  portions  of  the  surface,  or  to  organs  projeeti 
possess  a  peculiarly  high  degree  of  this  endowme 
acnteness  of  the  sensibility  of  the  cutaneous  surface 
parts ;  being  greatest  at  the  extremities  of  the  fiug( 
least  in  the  skin  of  the  trunk,  arm,  and  thigh. 
TOB.  The  impressions  that  produce  the  sense  c 

received  through  the 
1^"?^  -S^.  are  raiante  elevations 

ing  loops  of  capillary 
filaments  of  the  sense 
lary  organs  have  not 
any  Invertebrata;  ni 
pents,  or  Cheloniani 
Bafrachta,  an  impel 
is  extensively  diffiiset 
on  the  thumb  of  the  i 
on  that  of  other  Bati 
developed  at  the  sea^ 
In  many  Lizards,  a 
found  on  the  under  surface  of  the  toes ;  and  in  the 
iu  the  integuments  of  its  prehensile  tail — In  Birc 
skin  on  which  tiietile  papillji?  seem  to  exist,  are  tl 
tocs.  and  the  web  of  the  Palmipedes,  on  which  i 
mnde  that  guide  the  movementij  of  the  feet  j  and  th 
which  is  plunged  into  the  mud,  kc,  in  search  of  t 
lia,  w^e  find  that  the  papillary  structure  is  especii 
parts  of  the  tegiini<?»^t»'*y  surface,  which  are  of  th< 
^ppreciatitig  ihe  tjunlities  of  the  food,  or  in  gnidinj 
instniruents  of  locomotion.  Thus,  in  the  Quadi 
l»ands  and  feet  arc  ih^^  ^^^  ^vith  papilla! ;  and  in 
^mmW  tail  t!ie  stirfi^ce  of  this  organ  possesses  then 
Carnivorous  and  Hc-rbi^^ou.  ^^^""Tll*  ^""^  ^^ 
With  Iw^  or  enea^i^tl  i-^^"^  "f^^f^  l'P^*?;f 

th.  .Shis  to  be  tii^  *^^^^^^^!^^:Lt;:^iX£ 


Diiifibutitm   wf    Cuptlbry    hlood* 


'"'•'^lihed  "^'^^^  popill**' 
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huTe  the  Ups  or  nostrila  prolonged  into  a  snout  or  proboscis,  as  the  Pig, 

the  Khitioceroi^,  the  Tapir,  and  the  Elephant.  In  the  Mole,  too,  the  pa- 
pillary  structure  is  remarkably  developed  at  the  end  of  the  snouL — The 
papillary  apparatus,  and  the  sense  to  which  It  ministers  are  not  confined, 
however,  to  the  tegumentary  surface  of  the  exterior  of  the  body;  for  we 
find  that  the  tongne  of  many  aniraals  is  copiously  furnished  with  sensory 
papiltaj ;  and  it  is  probable,  from  the  experience  of  Man,  that  only  a  part 
of  these  minister  to  tlie  sense  of  Taste,  but  that  the  remainder  are  tactile 
(§t06}. 

T04.  A  very  different  set  of  instruments  is  developed  for  this  sense,  how- 
ever, in  certain  animals ;  either  in  place  of,  or  in  addition  to,  the  true 
papillary  apparatus.  Thus,  in  Articulated  animals  generally,  the  jointed 
appendages  to  the  head,  known  as  antenms  B.nd palpi,  are  undoubtedly  in- 
Btruroents  of  touch;  and  this  function  they  may  execute  most  efficiently, 
notwithstanding  the  density  of  their  covering.  For  just  as  a  blind  man 
judges  of  the  proximity  ami  characters  of  objects,  by  the  impressions  com- 
municated to  his  hand  by  the  contact  of  the  stick  with  which  he  examines 
them,  80  may  an  Insect  or  a  Crustacean  receive  sensory  impressions  upon 
the  neTves  distributed  to  the  basal  joints  of  their  long  antenuJEe,  although 
the  organs  themselves  may  be  as  insensible  (or,  rather,  as  unimprcssible)  as 
the  stick.*  The  antenna?,  when  prolonged,  seem  to  guide  the  movements  of 
the  animal ;  whilst,  on  the  other  hand,  the  palpi  rather  ax>pear  to  minister 
to  the  cognizance  of  objects  brought  into  the  neighborhood  of  the  moulb, 
and  to  hare  for  their  chief  office  to  guide  in  the  selection  of  food, — In  many 
of  the  higher  animals,  the  hatn  are  most  delicate  instruments  of  touch;  for 
although  themselves  insensible,  their  bulbs  are  seated  apon  cutaneous  pa- 
pilla?, copiously  provided  with  nerves  and  bloodvessels,  in  such  a  manner 
that  any  motion  or  vibration  communicated  to  the  hair  must  produce  an 
impression  upon  tlie  papilla  at  its  base-  Such  an  organization  is  found  in 
those  long  stilF  hairs,  which  are  known  as  the  vibrissis  or  "  whiskers"  of  the 
Feline  tribes  and  which  are  yjarticularly  large  in  the  Seal.  These  Bensitive 
hairs  are  also  highly  developed  in  many  of  the  Rodent ia,  such  as  the  Hare 
and  Rabbit;  and  it  has  been  proved  by  experiment,  that,  if  they  be  cut  off, 
the  animal  loses  in  great  degree  its  power  of  guiding  its  raovementi  in 
the  dark. 

705.  The  only  idea  communicated  to  our  minds,  when  the  sense  of  Touch 
is  exercised  in  ils  simplest  form,  i^  that  of  reststame:  and  we  can  neither 
acquire  a  notion  of  the  size  or  shape  of  an  object^  nor  judge  correctly  as  to 
the  nature  of  its  surface,  through  this  sense  alone,  unless  we  more  the  object 
OFer  our  own  sensory  organ,  or  pass  the  latter  over  the  former.  By  the 
various  degrees  of  resistance  which  we  then  encounter,  we  form  our  estimate 
of  the  hardness  or  softness  of  tlie  body.  By  the  impressions  made  upon  our 
sensory  papillae,  when  they  are  passed  over  its  surface,  we  form  ourideaof 
its  smoothness  or  rough  a  ess.  But  it  is  through  the  muscular  sense,  which 
renders  us  eognissaat  of  the  relative  positioD  of  the  fingers,  of  the  amount 


^  The  Author  is  acquavnt^d  T?itli  a.  blind  gCDtlcmiun,  who  exhibt t9  n  remarknble  de%* 
teritjr  in  the  use  of  hia  stick  in  guiding  liis  tuoviMTjeDU;  and  has  been  infonucd  by  hini 
that  much  of  hi3  power  of  diacrimiafttioD  depends  upon  the  flexibility,  elasticity,  &c, 
of  tills  instruroept ;  bo  that*  Trbea  he  b«i3  chnnccd  to  lose  or  brenk  the  one  to  vhkh.  he 
hm  been  aecuetomed,  it  is  often  long  before  he  can  obtAla  aootber  that  sball  suit  bitu 
m  W*U. — This  cjix:  urn  stance  seems  to  throw  fiomo  light  upon  the  reiudrknble  f  nriety 
whieh  w  seen  in  the  conform utioci  of  the  antnmtx  of  Infteets ;  as  U  uiny  be  imii pined 
th^t  eaeb  itt  adapted  to  receive  and  to  comiDiiDteat«  impressions  of  a  pnrticubr  cIuMi 

Jtpted  to  tbe  wnnts  of  the  ipecies. 
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of  movement  the  hand  has  performed  in  passing  over  the  object,  and  of  other 
impressions  of  like  nature,  that  we  acquire  our  notions  of  the  size  and  fig^nre 
of  the  object ;  and  hence  we  perceive  that  the  sense  of  Touch,  without  the 
power  of  giving  motion  to  the  tactile  organ,  would  have  been  of  compara- 
tively little  use.     It  is  chiefly  in  the  variety  of  movements,  of  which  the 
hand  of  Man  is  capable — thus  conducive  as  they  are,  not  merely  to  his  pr^ 
hensile  powers,  but  to  the  exercise  of  his  sensory  endowments — that  it  is 
superior  to  that  of  every  other  animal  j  and  it  cannot  be  doabted  that  this 
affords  us  a  very  important  means  of  acquiring  information  in  regard  to  the 
external  world,  and  especially  of  correcting  many  vagne  and  fallacious  no- 
tions, which  we  should  derive  from  the  sense  of  Sight,  if  used  alone.    The 
power  of  tactile  discrimination  does  not  by  any  means  bear  a  constant  relfl- 
tion  to  the  degree  of  *'  common  sensibility"  in  a  part,  that  is,  to  its  suscep- 
tibility to  impressions  which  produce  pain ;  for  the  latter  may  depend  simply 
upon  the  amount  of  nerves  supplied  to  the  surface ;  and  this  may  be  great 
in  parts  which  have  few  papillce,  and  which  are  supplied  by  nerves  whose 
central  terminations  are  so  closely  blended  that  impressions  made  on  poiots 
which  are  in  near  approximation  to  each  other  cannot  be  distinguished. 
The  sensory  apparatus  contained  in  the  integuments  would  seem  to  be  n^ 
cessary  for  the  exercise  of  the  sense  of  temperature;  for  it  appears  from  the 
recent  experiments  of  Prof.  Weber,  that  if  the  integuments  be  removed,  the 
application  of  hot  or  cold  bodies  only  causes  pain,  their  elevation  or  <k- 
pression  of  temperature  not  being  perceived ;  and  the  same  is  the  case  when 
hot  or  cold  bodies  are  applied  to  the  nerve-trunks.     It  is  worthy  of  Dote 
that  there  are  many  cases  on  record,  in  which  the  sense  of  Temperature  has 
been  lost,  whilst  the  ordinary  Tactile  sense  remains  ;  and  it  is  sometimes 
preserved,  when  there  is  a  complete  loss  of  every  other  kind  of  sensibilitj. 
So  again  we  find  that  the  subjective  sensations  of  temperature — ^that  is,  sen- 
sations which  originate  from  changes  in  the  body  itself,  not  from  extenul 
impressions — are  frequently  excited  quite  independently  of  those  of  contact 
or  resistance ;  a  person  being  sensible  of  heat  or  chilliness  in  some  part  of 
his  body,  without  any  real  alteration  of  its  temperature,  and  withoot  any 
corresponding  affection  of  the  tactile  sensations.     And  further,  it  is  to  be 
remarked  that  whilst,  for  the  exercise  of  the  Tactile  sense,  absolute  coniad 
between  the  impressible  surface  and  the  solid  body  is  required,  the  influence 
of  temperature  may  be  communicated  by  radiations  from  a  distance. 

3.    Of  the  Sense  of  Taste. 

TOG.  The  sense  of  Taste,  like  that  of  Touch,  is  excited  by  the  direct 
contact  of  particular  substances  with  certain  parts  of  the  body  ;  but  it  is  of 
a  much  more  refined  nature  than  touch ;  inasmuch  as  it  conmiunicates  to  i* 
a  knowledge  of  properties,  which  that  sense  would  not  reveal  to  us.  lH 
substances,  however,  do  not  make  an  impression  on  the  organ  of  Tssle. 
Some  have  a  strong  savor,  others  a  slight  one,  and  others  are  altogether 
insipid.  The  cause  of  these  differences  is  not  altogether  understood;  hot 
it  may  be  remarked  that,  in  general,  bodies  which  cannot  be  dissoked 
in  water,  alcohol,  &c.,  and  which  thus  cannot  be  presented  to  the  gustttfre 
papillae  in  a  state  of  solution,  have  no  taste.  A  considerable  part  of  the 
impression  produced  by  many  substances  taken  into  the  mouth,  is  received 
through  the  sense  of  Smell,  rather  than  through  that  of  Taste.  There  m 
many  substances,  however,  which  have  no  aromatic  or  volatile  chararter; 
and  whose  taste,  though  not  in  the  least  dependent  upon  the  action  d  the 
nose,  is  nevertheless  of  a  powerful  character.     The  sense  of  Taste  has  fof 
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Ciplllnry  ptexQi  €tf  fuHgi-farm 
papiiltt  df  lIutiiAii  Tongue, 


its  cliief  parpose  to  direct  animals  in  tlioir  choice  of  food;  hence  its  organ 
is  always  placed  at  the  entrance  to  the  digestive  canal.  In  higher  animals, 
the  Tongoe  is  the  principal  seat  of  it ;  but  other  parts  of  the  month  are 
also  capable  of  receiving  the  impression  of  certam  sarors.  The  mucQOs 
membrane  which  corera  the  tongue  is  copiously 
supplied  with   papillfC,  of  Tariona   fonna  and  Fig.  2M). 

sizes.  Those  of  simplest  structure  closely  re- 
semble  the  Cntaucons  papiUm;  but  there  are 
others,  which  resemble  clusters  of  such  papillae  ; 
each  being  composed  of  a  fasciculus  of  looped 
capillaries  (Fig.  290),  with  a  bnudle  of  nerve- 
fibres,  whose  precise  mode  of  termination  it  has 
not  yet  been  found  possible  to  ascertain.  These 
/uniform  papiJloB,  which  are  covered  with  a 
Tery  thin  epithelium,  are  probably  the  special 
instrutnents  of  the  sense  of  taste ;  for  the  exer- 
cise of  which  it  seems  probable  that  the  sapid 

substance  should  penetrate  (in  solution)  to  the  interior  of  the  papillie. — 
The  comcai  papilla? p  on  the  other  hand,  being  furnished  W'ith  thick  epithelial 
iuvestraents,  which  are  sometimes  prolonged  into  horny  spines,  would  seem 
destined  chiefly  to  mechanical  purposes  j  thus,  in  the  Felines,  in  which  tribe 
the  spines  are  most  remarkably  developed,  they  form  a  most  efficient  rasp, 
by  which  the  bones  of  their  prey  may  be  stripped  of  the  smallest  particles 
of  flesh  that  may  adhere  to  them ;  and  in  other  cases,  in  wliich  the  invest- 
ments are  rather  of  a  brush-like  nature,  they  probably  serve  to  cleanse  the 
teeth  from  adhering  particles,  whilst  the  tactile  sensibility  of  the  papillae 
directs  the  muscular  movements  of  the  tongue. — Of  the  degree  of  Taste 
possessed  by  different  animals,  it  is  impossible  to  form  an  accurate  judgmentp 
withoot  a  more  accurate  means  of  discrimination  than  we  possess,  between 
the  Gustative  and  Tactile  papillie  of  the  tongue.     And  we  have  not  any 

I      certain  knowledge,  how  far  the  sense  of  Taste  may  be  exercised  withotit  a 

I      papillary  structure. 


4,   Oftlte  Seme  of  Smell 


t07*  Certain  bodies  possess  the  property  of  exciting  sensations  of  a  pe- 
enliar  nature,  which  cannot  be  perceived  by  tlie  organs  of  taste  or  touch, 
but  which  seem  to  depend  upon  the  diffusion  of  the  particles  of  the  substance 
through  the  surrounding  air,  ia  a  state  of  extreme  minuteness.  As  the 
solubility  of  a  substance  in  liquid  seems  a  necessary  condition  of  its  excit- 
ing the  sense  of  taste,  so  does  its  volatility,  or  tendency  to  a  vaporous  state 
appear  requisite  for  its  possession  of  Odorous  properties.  Most  volatile 
substances  are  more  or  less  odorous;  whilst  those  which  do  not  readily 
transfono  themselves  into  vapor,  usually  possess  little  or  no  fragrance  b  the 
liquid  or  solid  state,  but  acquire  strong  odorous  properties  as  soon  as  they 
arc  converted  into  vapor — by  the  aid  of  heat,  for  example.  There  are  some 
solid  substances,  which  manifest  ver>^  strong  odorous  properties,  without 
losing  weight  in  any  appreciable  degree  by  the  diffusion  of  their  particle« 
through  the  air.  Tliis  is  the  case,  for  example,  with  Mosk;  a  grain  of  wMch 
has  been  kept  freely  exposed  to  the  air  of  a  room,  whose  door  and  windows 
were  eonstatitly  open,  for  a  period  of  ten  years;  during  which  time  the  air, 
thos  continually  changed,  was  completely  impregnated  with  the  odor  of 
mnsk  ]  and  yet,  at  the  end  of  that  time,  the  particle  was  not  found  to  hare 
perceptibly  diminished  in  weight.    We  can  only  attribute  this  resnit  to  the 


fOO  'OF  SENSATION,   AND  THE  ORGANS  OF  THE   SENSES. 

extreme  minuteness  of  the  diTision  of  the  odorous  particles  of  this  substance. 
There  are  other  odorous  solids,  such  as  Camphor,  which  rapidly  lose  weight 
by  the  loss  of  particles  from  their  surface,  when  freely  exposed  to  the  dr. 
708.  The  conditions  of  the  sense  of  Smell  are  best  studied  in  the  higher 
animals.  The  membrane  over  which  the  olfactive  nerve  is  distribated,  is 
extremely  vascular,  and  is  covered  with  a  thick  pulpy  epithelium  ;  and  the 
nerves  lose  themselves  in  its  substance,  apparently  becoming  divested  of  the 
''  white  substance  of  Schwann,"  and  presenting  a  close  resemblance  to  the 
**  gelatinous"  fibres.  The  odoriferous  medium  must  be  brought  into  contact 
with  this  surface ;  and  the  surface  itself  must  be  neither  dry  nor  clogged 
with  too  large  an  amount  of  fluid  secretion. — How  far  any  sense  of  smell 
exists  in  the  lower  Invertcbrata,  cannot  be  satisfactorily  determined ;  bst 
it  would  seem  not  improbable  that,  even  where  no  special  organ  is  apparent, 
some  part  of  the  general  surface  may  be  endowed  with  Olfactive  sensibUitr. 
In  the  Pulmoniferous  Gasteropods,  which  seem  guided  to  their  food  by  its 
scent,  there  is  strong  ground  to  regard  the  extremities  of  the  larger  tenti' 
cula  (which  bear  the  eyes  near  their  points)  as  special  organs  of  smell;*  and 
the  dorsal  tentacula  of  the  Nudihranchiata,  which  frequently  have  a  peculiar 
laminated  structure,  are  probably  to  be  regarded  in  the  same  light.*  In  the 
Bullidm,  which  have  no  proper  tentacles,  the  head-lobes  receive  the  nerm 
(proceeding  from  the  anterior  portion  of  the  cephalic  ganglia)  which  are 
elsewhere  transmitted  to  tlie  olfactive  tentacles ;'  and  in  BuUa  hydatU,  ve 
find  these  nerves  terminating  in  a  peculiar  organ,  composed  of  a  centnl 
stem  bearing  numerous  lateral  laminae,  which  forms  a  complete  link  of  con- 
nection between  the  laminated  tentacles  of  Dorit  and  the  olfactive  organ  of 
Fishes.  A  similar  organ  has  been  described  by  Prof.  Owen  in  NauHba;  bit 
none  such  has  yet  been  detected  in  the  Dibranchiate  Cephalopods. — ^Among 
the  higher  Articulata,  there  is  ample  reason  to  believe  that  the  sense  ojf 
Smell  exists,  although  there  is  considerable  uncertainty  regarding  its  special 
instrument.  That  many  Insects  are  guided  to  their  food,  to  the  proper  nidai 
for  their  eggs,  and  to  the  opposite  sex  of  their  own  species,  and  are  eT« 
informed  of  the  proximity  of  their  natural  enemies,  by  odorous  emanations, 
can  scarcely  be  doubted  by  any  one  who  has  watched  their  habits  and  ex- 
perimented upon  their  actions.  Some  Entomologists  have  supposed  the 
seat  of  the  olfactory  sense  in  Insects  to  be  in  their  antennae,  others  in  the 
palpi,  and  others  in  the  entrances  to  their  trachea.  The  latter  supposition 
must  be  considered  as  very  improbable ;  and  it  derives  no  real  support  from 
experiment,  since  the  movements  which  may  be  produced  in  a  decapitated 
insect,  by  bringing  acrid  vapors  into  proximity  with  the  stigmata,  arc  evi- 
dently analogous  to  those  of  coughing  and  sneezing,  which  by  similar  acrid 
vapors  excite  in  Man,  not  through  the  sense  of  Smell,  but  through  the 
"  common"  sensibility  of  the  membrane  lining  the  respiratory  passages.  It 
is  very  difficult  to  determine,  by  experiment,  whether  the  antenns  or  the 
palpi  are  the  most  probable  instruments  of  the  olfactive  sense ;  and  it  Mens 
not  unlikely  that^  as  the  antennae  and  palpi  are  appendages  of  a  similar  das, 
the  sense  of  Smell  may  not  be  constantly  localized  in  either  of  them,  hit 
that  it  may  be  assigned  to  one  or  to  the  other,  according  to  the  modifica- 
tions they  respectively  require  for  the  performance  of  their  other  offices.* 

*  See  Moquin-Tandon,  iu  "  Ann.  des.  Sci.  Nat,"  8*  S^p.,  Zool.,  torn.  xv.  p.  161. 
>  See  Embleton,  in  **  Ann.  of  Nat.  Hist."  2d  Ser.,  vol.  iii.  p.  198. 

*  See  Hancock,  op.  ciL,  vol.  ix.  p.  188. 

*  "  See  MM.  Perris  and  L^on-Dufour,  in  •*  Ann.  des  Sci.  Nat,"  3«  S^r.,  Zod.,  Um. 
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The  same  maj  be  stated  in  reganl  to  the  olfactivo  or^n  of  the  Cmstiut%t, 
The  manner  in  which  Crabs  and  Lol>stors  are  attracttHl  by  odorous  luiit 
placed  in  close  traps,  makes  it  almost  certain  that  they  must  pvxssess  some 
sense  of  Smell;  and  there  can  bo  little  doubt  that  its  iustrumeni  >vill  be 
found  in  the  basal  joint  of  either  the  first  or  the  second  pair  of  auieume.* 

T09.  The  Olfactive  or^n  of  Vertebrata  usually  corresponds  wiih  tlmt  of 
Man  in  its  general  characters:  but  whilst,  in  all' air-breathing  Vertebrata. 
it  may  be  considered  as  a  diverticulum  from  the  commencement  of  the 
respiratory  tube — being  obviously  placed  there,  not  only  in  order  that  the 
respiratory  current  may  effectnally  introduce  the  odoriferous  medium,  but 
also  that  it  may  serve  to  warn  its  possessor  of  the  presence  of  such  odori- 
ferous emanations  as  cannot  be  breathed  with  im]ninity — in  /iVAcji,  ittt 
cavity  is  not  connected  with  the  respirator}'  ])nssnp:es,  ami  hus  no  posterior 
nares,  its  sole  orifice  being  in  front.  Within  this  cavity,  however,  the 
olfactive  surface  is  greatly  extended,  by  the  leaf-like  plicati\»n  of  \\w  jiitul- 
tary  membrane;  and  the  water  introduced  into  it  is  continually  reneweil  by 
the  action  of  the  cilia  with  which  that  membrane  is  beset.  In  the  Sharkrt 
and  Rays,  moreover,  there  is  a  muscular  apparatus  for  more  rapiilly  cliaug- 
ing  the  current  of  water  within  the  olfactory  sac  ;  whence,  ns  Prof.  Owen 
remarks,  we  must  conclude  that  these  Fishes  sroU  (/.  r.,  activi-ly  searrh 
for  odoriferous  impressions),  as  well  as  smell.  In  Jit'ptift's,  there  Is  but 
little  provision  for  the  extension  of  the  olfactive  Kurfaeo ;  and  tlierti  is  no 
evidence  that  the  sense  of  Smell  is  more  than  very  feebly  develnped  in 
them.  In  Birds,  the  nasal  cavity  is  of  considerable  size,  ami  its  lining 
membrane  is  spread  over  the  **  turbinated  bones,"  which  ]>ri)ject  into  Itri 
cavity;  still,  there  is  reason  to  believe  that  much  of  what  has  been  set  down 
to  the  account  of  Smell  in  Birds,  is  really  attributable  to  their  acute  sight, 
and  that  in  no  Birds  is  there  any  approach  in  this  respect,  to  those  Mam- 
mals which  are  most  distinguished  for  the  acnteness  of  their  scent.  The 
organ  of  Smell,  in  Mammalia,  is  for  the  most  part  highly  developed,  the 
nasal  cavity  being  large,  and  the  surface  over  which  the  olfactive  nerve  Im 
distributed  being  augmented  by  the  convolution  of  the  "  turbinated  bom-H." 
Of  these  bones,  the  lowest  is  the  one  that  is  usually  most  developed  ;  and 
in  the  Carnivora,  to  which  animals  this  sense  is  of  the  greatest  imporifince 
in  guiding  them  to  their  prey,  this  bone  is  divided  into  a  number  of  irn* 

Slar  lateral  laminaj,  so  that  a  transverse  section  of  it  has  an  arhor<;i'.<'<'fit 
•m.  The  nasal  cavity  is  usually  more  or  less  extended  by  ^luunt-.y.,  v»\iUU 
communicate  with  large  cancelli  in  the  surrounding  bones:  no  t)j;ii  ihr 
olfactive  organs  are  far  more  highly  developed  in  most  of  the  lovn-r  Mn/u 
malia  than  they  are  in  Man,  serving  not  merely  to  guide  the  ^'in/.f^fta.  i*/ 
their  prey,  but  to  warn  the  timid  Ilerbivora  of  the  approach  '/  r--^ .?  m»« 
mies,  and  being  probably  one  of  the  chief  means  wherv'-j  •.'-*:  ','/;/'/-•-♦' 
sexes  are  made  aware  of  each  other's  proximity.  In  ib*z  .r-:*r  r*////^//, 
however,  the  turbinated  bones  are  altogether  wanting,  and  i::-.-..>f  .^^/^  " 
ganglia  nor  nerves  are  developed  ;  so  that  among  tliese  asl.-::^. ;  .-■■  //  ■  /* 
of  Smell,  which  could  not  be  very  efficiently  exercised  in  :L*  »»:>-  '/  -  •■.• 
to  be  sacrificed  to  two  objects  more  j)articularly  conne^^r:  r  ..  -^  » 
general  organization  and  habits — namely,  the  reception  */.  i./     '^.  "-- 


I  It  has  been  customary  to  regard,  with  Roscntlinl,  tie  Bacculiu  )a  t^  '.- 
antenniB  aa  the  olfactive  organ,  and  tliat  in  the  second  as  the  anditvfy  -.^^f:.' 
Farre,  however,  has  adduced  strong  reasons  for  reversing  thin  opiaka  ♦  r. 
Transactions,"  1848) ;  and  Mr.  Huxley  has  adopted  and  streugtheMd  Lr  ?^ 
«  712). 
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lungs,  whilst  the  head  and  body  are  immersed  in  water ;  and  the  ejection 
of  water  which  has  been  received  into  the  month  with  the  food,  bnt  which 
the  animal  docs  not  require  to  swallow. 

5.    Of  the  Seme  of  Hearing. 

710.  By  this  sense,  we  become  acquainted  with  the  sounds  produced  bT 
bodies  in  a  certain  state  of  vibration ;  the  vibrations  being  propagated 
through  the  surrounding  medium,  by  the  corresponding  waves  or  undula- 
tions which  they  produce  in  it.  Although  air  is  the  usual  medinm  through 
which  sound  is  propagated,  yet  liquids  or  solids  may  answer  the  sune  pur- 
pose. On  the  other  hand,  no  sound  can  be  propagated  through  a  perfect 
vacuum. — It  is  a  fact  of  much  importance,  in  regard  to  the  action  of  the 
Organ  of  Hearing,  that  sonorous  vibrations  which  have  been  excited,  and 
are  being  transmitted,  in  a  medium  of  one  kind,  are  not  imparted  with  the 
same  readiness  to  others.  The  following  conclusions  have  been  drawn 
from  experimental  inquiries  on  tiiis  subject. 

I.  Vibrations  excited  in  solid  bodies,  may  be  transmitted  to  waUr  with- 
out much  loss  of  their  intensity ;  although  not  with  the  same  readiness  thtt 
they  would  be  communicated  to  another  solid. 

II.  On  the  other  hand,  vibrations  excited  in  water  lose  something  of 
their  intensity  in  being  propagated  to  solids;  but  they  are  returned,  as  it 
were,  by  tiiesc  solids  to  the  liquid,  so  that  the  sound  is  more  loudly  heard 
in  the  neighborhood  of  these  bodies,  than  it  would  otherwise  have  been. 

III.  The  sonorous  vibrations  are  much  more  weakened  in  the  transmisskw 
of  solids  to  air;  and  those  of  air  make  but  little  impression  on  solids, 

IV.  Sonorous  vibrations  in  water  are  transmitted  but  feebly  to  air;  and 
those  which  are  taking  place  in  air  are  with  difficulty  communicated  to 
water;  but  the  communication  is  rendered  more  easy,  by  the  interventiitt 
of  a  membrane  extended  between  them. 

The  application  of  these  conclusions,  in  the  Physiology  of  Hearing,  wfl 
be  presently  apparent. 

711.  The  essential  part  of  an  Organ  of  Hearing  is  a  nerve  endowed  vith 
the  peculiar  property  of  receiving  and  transmitting  sonorous  undnlations; 
and  it  is  by  no  means  indispensable  that  any  other  special  provision  should 
be  made  for  this  purpose,  since  the  Auditory  nerve  may  bfe  spread  out  over 
any  surface  which  will  be  affected  by  the  undulations  of  the  surronDding 
medium.  Hence,  we  must  not  imagine  the  sense  to  be  absent,  whercTcr 
we  cannot  discover  a  definite  organ  for  the  purpose.  On  the  other  hand, 
we  arc  not  to  suppose  that  animals  possess  a  distinct  auditory  sense,  merelr 
because  we  find  them  possessed  of  organs  homologous  with  those  which  are 
certainly  the  instruments  of  that  sense  in  higher  animals ;  for  they  may  be 
so  rudimentary  in  their  degree  of  development,  that  we  can  scarcely  hur 
gine  them  to  possess  any  considerable  functional  capacity.  Such  is  the 
case  with  regard  to  the  Acalephce,  the  lowest  animals  in  which  any  sick 
organs  have  been  detected.  At  regular  intervals  along  the  margin  of  the 
disk,  in  most  kinds  of  Medusce  and  their  allies  (Fig.  S^,f,f),  there  miy  be 
found  a  scries  of  peculiar  sacculi,  containing  either  a  single  large  higUr 
refracting  spheroidal  body,  or  a  collection  of  calcareous  grannies;  both 
these  forms  having  such  precise  representatives  in  the  auditory  organs  of 
Mollusca,  that  the  similarity  of  their  nature  can  scarcely  be  doubted,  more 
especially  as  the  peculiar  vibratory  movement  which  characterizes  the  latter 
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has  been  witnessed  also  in  the  fonner.*  Of  the  existence  of  auditory 
organs  among  the  Tumcated  ^oWusks,  there  can  scarcely  be  any  reasonable 
doubt.  In  Chelyosoma^  one  of  the  simple  Ascidians,  a  vesicular  body  in 
immediate  connection  with  the  single  nervous  ganglion,  has  been  described 
by  Eschricht  as  an  auditory  organ ;  and  it  is  probable  that  the  single  or 
double  tubercular  body  which  has  been  described  by  Savigny  as  existing  in 
the  same  situation,  in  various  Ascidians  both  simple  and  compound,  has 
the  same  character.  The  auditory  nature  of  this  organ  is  still  more  ob- 
vious in  the  Salpce;  in  which  it  is  described  by  Mr.  Huxley  as  a  strong 
transparent  vesicle,  attached  to  the  nervous  ganglion,  and  containing  four 
hemispherical  bodies,  with  black  pigment  spots  upon  their  outer  surface ; 
whilst  a  conical  depression  in  the  outer  tunic  leading  towards  this  vesicle, 
would  appear  to  be  intended  to  bring  it  into  closer  relation  with  the  surround- 
ing medium.'  Among  the  Lamellibranchiata,  or  such  (at  least)  as  possess 
a  foot,  a  pair  of  similar  vesicles  is  found  at  the  base  of  that  organ,  either 
sessile  upon  the  pedal  ganglion,  or  connected  with  it  by  nervous  pedun- 
cles; and  the  calcareous  concretions  or  "  otolithes"  they  contain  (which  are 
of  a  vitreous  aspect  and  crystalline  structure)  execute  continual  vibratory 
and  rotatory  movements,  which  immediately  cease  on  the  rupture  of  the 
capsule.'  The  development  of  these  organs  is  but  little  more  advanced  in 
the  Gasteropoda^  among  which  they  are  usually  found  situated,  either  in 
immediate  apposition  with  the  pedal  ganglia  that  form  the  principal  part 
of  the  suboesophageal  portion  of  the  nervous  collar,  or  connected  with 
these  ganglia  by  short  peduncles.  In  Nudihranchiata^  however,  they  have 
a  higher  position,  though  they  still  accompany  the  pedal  ganglia,  which 
are  found  in  those  animals  united  with  the  cephalic  ganglia  above  the  oeso- 
phagus ;  and  in  Heteropoda,  the  auditory  organs  appear  to  be  connected 
with  the  cephalic  ganglia,  though  this  (as  Mr.  Huxley  has  suggested)  may 
not  be  the  case  in  reality.  Each  auditory  capsule  may  contain  but  a  single 
otolithe,  which  is  then  spherical  and  of  crystalline  aspect,  or  it  may  include 
a  large  number  of  minute  fusiform  particles ;  the  movements  of  these  bodies, 
which  are  extremely  active,  have  been  ascertained  to  be  due  to  the  vibration 
of  the  cilia  which  clothe  the  epithelium  lining  the  capsules.*  In  the  Cepha- 
hpoda,  we  find  the  auditory  sac  of  each  side  detached  from  the  ganglionic 
mass,  with  which  it  remains  connected  by  the  auditory  nerve ;  and  the  sac 
itself,  which  contains  a  single  "  otolithe"  of  irregular  form,  is  lodged  in  a 
cavity  excavated  in  the  cartilage  that  supports  the  cephalic  nervous  centres; 
an  arrangement  that  evidently  foreshadows  the  proper  *' sense-capsule," 

*  The  auditory  nature  of  these  organs,  which  had  been  previously  considered  to  be 
rudimentary  Eyes,  was  first  asserted  by  Will,  in  his  "  Iloras  Tergestince,"  1844,  who 
has  been  since  supported  by  KoUiker  and  Huxley.  Air.  G.  Busk,  on  the  other  hand, 
has  sustained  their  visual  character  (''Microscopical  Transactions,'*  vol.  iii.  pp.  24, 
et  teg.) ;  but  he  seems  not  to  have  been  aware  how  closely  they  are  paralleled  among 
the  Mollusca;  nor  had  he  distinguished  the  ciliary  movement  urithin  the  capsule,  which 
has  been  not  only  observed  by  Kiilliker  ("Froriep's  Ncuc  Notizen,'*  Ko.  584),  but  also 
bj  Mr.  Huxley,  as  that  gentleman  has  himself  informed  the  Author. 

a  "  Philos.  Transact.,"  1851,  p.  571. 

*  The  true  nature  of  these  organs,  which,  though  they  had  been  noticed  by  many 
Anatomists,  had  not  been  understood,  was  first  recognized  by  Prof.  Sicbold,  from  their 
correspondence  with  the  Auditory  capsules  in  the  early  embryo  of  Fishes.  See 
"Miiller*8  Archiv.,"  1838,  and  "Wiegmann's  Archiv.,"  1841;  also  "Ann.  des  Sci. 
Nat.,"  2eSer.,  Zool.,  tom.  x.,  xix. 

*  The  existence  of  Auditory  organs  in  this  group  was  first  recognized  among  the 
mieropoda  by  MM.  Kydoux  and  Souleyet  ("L'Institut.,"  1838,  No.  255).  For  a  r/- 
ium^  of  the  subsequent  researches  of  various  Anatomists,  see  Prof.  8iebold's  *•  Verglei- 
chendc  Anatomic,"  Band.  1.,  J  211. 
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whicli  it  acquires  in  Yertelirata.  No  grijater  degree  of  complexitr,  how- 
ever^ is  attained  by  tb<;  instrument  itself,  notwilbstanding  tlie  close  ftpfnioxi- 
matioa  whicb  Cephalopoda  preseat  to  Vertebrata  in  the  general  dabonle- 
ness  of  their  organisation. 

112.  There  can  be  no  doubt  that  the  lower  ArtieuJata  possesg  the« 
of  Hearing,  although  its  special  organ  cannot  always  be  detected.     In  i 
tain  Anndida,  however,  M,  de  Quatrefagos  b&s  detected  auditory  capsid^tl 
with  otoUthes,  exactly  resemblinj^  those  of  Mollttsks.'     It  is  ob?ioas  thit 
the  tnovemeats  of  Insects  are  guided  by  hearing,  the  sexes  being  freqoeatlT  I 
attracted  to  each  other  by  the  sounds  whicb  one  of  them  has  the  power  of] 
producing;  and  it  is  probable  that  the  organ  of  this  sense  is  inclosed  mf 
the  basal  joints  of  the  antenasE,'     In  CrustaceUj  its  presence  seems  murk  \ 
less  equivocally  indicated;  and  yet  it  appears  probable  from  receDi  in- 
quiries, that  what  has  been  usually  considered  the  organ  of  Hearing  (wbich  j 
is  a  cavity  in  the  first  joint  of  the  second  or  larger  pair  of  antenna?,  bavinf  j 
a  round  oriJice  closed  by  a  membrane,  and  containing  a  vesicle  filled  wnh  ( 
fluid,  on  which  the  autennal  nerve  expands)j  is  in  reality  an  organ  of  SaeU, ; 
and  that  the  true  organ  of  Hearing  is  in  the  basal  joint  of  the  Jf«f  of  | 
smaller  pair  of  antennse.     For  in  Lumfcr,  as  described  by  Mr.  Huxley/  wf  ( 
find  in  this  situation  a  sacculns  containing  a  single  spherical  strongly  r^efraci- 
ing  o  to  lithe,  so  closely  resembling  the  organ  of  Hearing  in  (jrasterupoda* 
that  there  can  scarcely  be  a  doubt  of  its  analogous  ebaracter ;  altbongh  it  k 
completely  inclosed  in  the  crustaceous  envelop  of  the  member  in  which  it  U 
situated.     In  Pal^tmon,  there  is  a  departure  from  this  type,  which  lea4f  ( 
towards  the  ordinary  form  of  the  organ  iu  Crustacea ;  for  in   the  eerdop  j 
of  the  basal  joint  of  the  antennxe  is  a  narrow  fissure,  whicb  opens  into  ftj 
pyriform  cavity,  contained  within  a  membranous  sac  that  lies  witbin  tbtl 
substance  of  the  joint.     The  anterior  extremity  of  the  sac  is  enveloped  Ia  i] 
mMs  of  pigment  granule.^;  whilst  on  the  side  which  is  opposite  to  the  fi*-J 
sure,  a  series  of  hairs  with  bulbous  bases  are  aitacbed,  on  which  seems  ul\ 
rest  a  large  ovoidal  strongly  refiiicting  otolithe.     The  anteunal  nenr*  i 
ofl'  branches  which  terminate  at  the  bases  of  the  hairs ;  and  it  oi 
be  doubted  that  it  is  through  the  vibrations  of  the  otolithe  tnuiimltliBi  to 
them,  that  the  sonorous  undiilalions  are  perceived.     The  ordinary  atmctaft 
of  the  organ  of  hearing  in  the  Macroarous  Decapods,  as  descriljed  hj  Dr, 
A.  Farre,^  presents  a  very  curious  modification  of  this  type.     The  aitdllory 
sac,  inclosed  in  the  basal  joint  of  the  smaller  antennae,  comtotitikAles  vitk 
the  eKternal  surface  by  a  small  valvukr  aperture;  and  iustend  of  oakifteDl 
*'  otolithes,"  particles  of  siliceous  sand  arc  found  in  its  iuterloFp  wtildiA^ 
pear  to  have  entered  by  this  orifice.    These,  in  the  ordinary  position  of  Um 
animal,  will  rest  upon  the  extremities  of  a  row  of  hair-like  process4*s»  wUdl 
project  into  the  interior  of  the  sac  ;  and  each  of  these  processes  coiit«llii  a 
row  of  cells,  which  are  probably  nerve- vesicle  a.    TbU  saccalos  Is  emweeied 
with  the  cephalic  gangiia,  by  a  nerve-trunk  distinct  from  that  which  «!► 
plies  the  antenna  itself;  and  this  trunk  forms  a  plexus  wbich  surromicli  tie 
sac,  but  which  is  peculiarly  abundant  beneath  the  row  of  hatrdike  firo* 
cesses*     There  can  scarcely  be  a  reasonable  doubt  of  tlie  Auditory  aat»Y 
of  this  organ,  the  conneclton  between  this  and  the  more  nsmd  forma  of  1^ 
organ  of  hearing,  being  supplied  by  Palumon  and  Lnctfcr;  and  It  isiirt»* 


*  '*  AtiTL  dts.  Sci,  Nut.,''  3'S^r.,  Zool.,  torn.  lilL  p.  29. 

*  Boo  MM.  Perns  %ud  L^<>n*Dtifoar»  loc,  ciL 
'  '' Attikftls  uf  Nflliinil  History/'  2d  Ser,  ¥Cii  vil.  p.  SOi. 
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resting  to  find  the  place  of  otollthes  here  taken  by  particles  of  iand  Itttro* 

duccd  from  without^ — a  provision  which  reminds  us  (as  Dr.  A.  Farre  hus 
justly  reraarked)  of  the  introdaetion  of  sioneg  into  the  stomach  of  Granivo- 
rous  Birds,  in  which  they  answer  the  purpose  of  gastric  teeth.  A  portion  of 
the  shell  of  the  joint  is  unconsolidated  in  the  lobster ;  so  that  the  month  of 
the  anditory  sac  is  only  cohered  in  by  a  membrane^  which  may  Ije  considered 
as  the  representative  of  that  which  clo.ses  the  **  fenestra  oval  is*'  of  the  ves- 
tibule of  Vcrtobrata ;  but  in  many  other  Decapods,  the  shelly  covering  m 
complete  over  the  whole  joint,  save  at  the  valvular  orilice.  The  fluid  of 
the  anditory  ^ac  will  be  thrown  into  vibration  by  undulations  of  the  anr- 
rounding  medium ,  communicated  either  through  the  membrane  covering 
the  "fenestra  ovalis,''  or  through  tlie  shelly  investment ;  and  the  vibrations 
will  be  strengthened  by  the  presence  of  the  sandy  particles,  which,  also^ 
there  is  reason  to  believe,  will,  by  their  own  vibration,  make  stronger  im- 

ppreealODs  upon  the  huirdike  processes,  than  the  liquid  itself  would  do, — ^No 
eiai  orgati  of  hearing  has  yet  been  discovered  in  Arachmda. 
713.  A  special  organ  of  Hearing  exists  in  all  Veriebraled  animals  save 
the  Amphioxits;  but  in  the  Iowei^t  Cyclostoine  Fishes,  it  presents  little  or 
no  advance  in  its  developmenti  upon  tlie  type  on  which  it  is  constructed 
in  the  Cephalopods.  For  it  consists  of  a  simple  sac,  lodged  in  the  cranial 
cartilage,  and  having  no  direct  external  communication  ;  this  sac  is  filled 
with  fluid,  and  contains  otoiithes ;  and  the  auditory  nerve  is  distributed 
upon  its  walls.  In  ascending  through  the  series  of  Cydostomi,  however, 
we  find  the  ■*  semicircular  cauals"  successively  developed  ;  only  one  of  these 

Ipaa sages  being  present  in  M^xtne^  two  in  the  Lamprey,  and  three  in  all 
the  higher  members  of  the  class.  At  the  same  time,  provision  is  made  for 
the  more  direct  action  of  the  sonorous  undulations  of  the  surrounding  me- 
dium, upon  the  fluid  contained  in  the  auditory  sac  or  labyrinth;  for  a  por- 
tion of  its  investing  cartilage  or  bone  is  deficient  at  one  part  of  the  external 
surface,  the  aperture  being  only  closed  by  a  membrane,  through  which  the 
communication  can  readily  take  place.  Some  rudiments  of  a  tympanic 
cavity,  interposed  between  this  membrane  and  the  external  surface  may  be 
found  in  certain  Osseous  Fishes ;  and  in  several  tribes,  the  organ  of  bear- 
ing possesses  a  peculiar  connection  with  the  air-bladder,  which  appears  to 
be  a  foreshadowing  of  the  **  Eustachian  tube'*  of  higher  classes.^ In  the 
true  Reptiiei,  a  considerable  advance  is  constantly  to  be  found  in  the  cha- 

^^acter  of  the  Auditory  organ  ;  for  a  tympanic  cavity  is  added,  with  a  mem- 
^iraaous  ''  drum'*  and  a  chain  of  bones;  and  a  rudiment  of  a  **  cochlea"  is 

*  prenerally  discoverable,  which  has  a  separate  opening  (fenestra  rotunda) 
into  the  tympanic  cavity.  The  "  mcriibrana  tympaui"  is  usually  visible 
externally,  but  it  is  somelimes  covered  by  the  skin  j  the  cavity  of  the  tym- 
panum communicates  with  the  fauces  by  an  "Eustachian  tube."  Among 
the  Amphibia  there  is  a  considerable  variation  in  the  structure  of  the  organ 
of  Hearing;  for,  whilst  some  possess  the  tympanic  apparatus,  others  are 
entirely  destitute  of  it. — In  Birds,  the  stnicture  of  the  Ear  is  essentially  the 
same  as  iu  the  higher  Reptiles.  A  distinct  '^  cochlea"  always  exists,  though 
its  form  is  not  spiral,  but  nearly  straight ;  and  \iB  cavity  is  divided  into 
two  passages  by  a  membranous  partition,  on  which  the  ramifications  of  the 
auditory  nerve  are  spread  out.  There  is  no  external  ear,  save  in  a  few 
gpectea  of  nocturnal  Birds ;  but  the  tympanic  cavity  communicates  with 
cavities  in  the  cranial  bones,  which  are  thus  filled  with  air ;  and  these,  by 
increasing  the  extent  of  surface,  produce  a  more  powerful  resonance. 

TU.  Jn  the  ordinary  Mammalia,  the  organ  of  Hearing  is  formed  upon 
the  same  general  plan  as  it  presents  in  Man  ;  though  in  the  Monotrematja.^ 
45 
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it  more  approaches  that  of  Birds.  All  the  Mammalia,  save  the  aqnttic 
tribes,  have  an  erternal  ear,  and  this  is  sometimes  of  an  enormous  size  in 
proportion  to  the  dimensions  of  the  body,  as  is  seen  especially  in  the  Bats. 
Moreover,  in  several  tribes  it  can  be  turned  in  any  direction  by  mnscnlir 
movement,  so  as  most  advantageously  to  receive  the  faintest  sounds  from 
any  quarter.  The  canal  (Fig.  291,  d)  into  which  the  external  ear  reflects 
the  sonorous  vibrations,  passes  inwards  until  it  is  closed  by  the  mtmbrana 
tympani  or  **  drum  of  the  ear"  {g),  which  forms  the  external  wall  of  the 
tympanic  cavity.  Within  this  cavity,  which  communicates  with  the  throat 
by  the  ''  Eustachian  tube"  (1;),  there  is  a  series  of  small  bones,  which 
serve  to  establish  a  connection  between  the  membrana  tympani  and  thtt 
which  covers  in  the  **  fenestra  ovalis."  The  long  handle  of  the  "mallens^ 
is  attached  to  the  membrana  tympani,  and  near  its  base  it  gives  attachment 
to  the  ''  tensor  tympani"  muscle ;  its  head  is  received  into  a  hollow  on  the 
body  of  the  '4ncns,"  which  also  has  a  -long  process  that  is  connected  with 
the  ''  stapes ;"  whilst  the  oval  extremity  of  the  "stapes''  is  attached  to  the 

Fig.  291. 


k  ^    9    q    ^    /  h 

Vertical  Section  of  the  Human  Ear,  the  internal  portions  on  an  enlarged  toale:— «f^^ 
external  ear;  d,  entrance  to  auditory  canal,//  e,  e,  petroas  portion  of  t«mponl  boBt;|i 
membrana  tympani ;  A,  carity  of  the  tympanum,  the  chain  of  bones  being  remoTed  *  i,  cp«* 
inga  from  this  cayity  into  the  cells,  y,  ezcarated  in  the  bone  ;  on  the  side  opposite  thescB- 
brana  tympani  are  seen  the  fenestra  oralis  and  rotunda;  ib, Eustachian  tube;  /,  TcttiVak:  •• 
semicircular  canals ;  n,  cochlea ;  o,  auditory  nerve ;  p,  canal  for  carotid  •rteVr  •  •  part  rf 
glenoid  fossa ;  r,  styloid  process.  ^^  »  t»  r- 

membrane  covering  the  "fenestra  ovalis,"  or  entrance  to  the  labyrinth, this 
little  bone  being  also  connected  with  the  minute  *' stapedius"  muscle,  which 
regulates  its  movements. — The  purpose  of  this  Tympanic  apparatus'u  eri- 
dently  to  receive  the  sonorous  vibrations  from  the  air,  and  to  transmit  ibm 
to  the  membranous  wall  of  the  labyrinth ;  in  such  a  manner  that  the  rihri- 
tions  thus  excited  in  the  latter  may  be  much  more  powerful  than  theyvoaM 
be  \t  ttie  a\t  «LCted  immediately  upon  it,  as  in  the  lower  Yertebrata.    TW 
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usual  conditioti  of  the  mcmbrana  timpani  appears  to  be  rather  lax  ;  and, 
when  in  this  conditloii,  it  vibrates  in  accordance  with  grave  or  deep  tones. 
By  the  action  of  the  **  tensor  tj-mpani"  (a  little  ninsele  lodged  in  the  Eu- 
stachian tube)  it  may  be  tightened^  so  as  to  vibrate  in  accordance  with 
fiharper  or  higher  tones  j  bat  it  will  then  be  less  able  to  receive  the  im- 
pressions of  deeper  sounds.  This  state  we  may  easily  induce  artificially, 
by  holding  the  breath,  and  forcing  air  from  tlie  throat  into  the  Eustachian 
tnbe,  so  as  to  make  the  membrane  bulge  oat  by  pressure  from  within  ;  or 
by  exhausting  the  cavity  by  an  effort  at  inspiration,  with  the  mouth  and 
nostrils  closed,  which  will  cause  the  membrane  to  be  pressed  inwards  by 
the  external  air  lu  either  case,  the  hearing  is  immediat£?ly  found  to  be 
Imperfect  J  but  the  deficiency  relates  only  to  grave  sounds,  acute  ones 
being  heard  even  more  plainly  than  before.  There  is  a  difl'erent  limit  to 
the  acutcness  of  the  sounds  of  which  the  ear  can  naturally  take  cognizance, 
in  different  persons.  If  the  sound^be  so  high  in  pitch,  that  the  membrana 
tjanpani  cannot  vibrate  in  unison  with  it,  the  individual  will  not  hear  it, 
althongh  it  may  be  loud  j  and  it  has  been  noticed,  that  certain  individuals 
cannot  hear  the  very  shrill  tones  produced  by  particular  Insects,  or  e?en 
Birds,  which  are  distinctly  audible  to  others. 

715.  The  vibrations  thus  transmitted  to  the  membrane  covering  the  fenestra 
€7alis,  will  act  upon  the  fluid  contained  within  the  labyrinth,  which  consists 
of  the  *' vestibule"  (Fig,  291,  /},  the  semicircular  canals  (m),  and  the  coch* 
lea  (n).  The  vestibule  is  evidently  the  part  that  corresponds  with  the 
simple  cavity,  which  constitutes  the  entire  organ  of  bearing  in  the  lower 
animals ;  and  the  others  may  be  regarded  as  extensions  of  it  for  particular 
purposes.  In  all  Yertebrata,  save  the  lowest  Fishes,  three  semtmrcular 
eanah  exist  j  and  they  uniformly  lie  in  three  different  planes,  at  right  angles 
to  each  other,  corresponding  to  the  bottom  and  two  adjoining  sides,  of  a 
cube  ;  hence  it  has  been  supposed,  and  with  much  apparent  probability,  that 
tbcy  assist  io  producing  the  idea  of  the  direction  of  sounds.  The  form  of 
the  €&cMea  is  nearly  that  of  a  snail-shell,  being  a  spiral  canal,  excavated  in 
the  solid  bone,  and  making  about  two  turns  and  a  half  round  a  central 
pillar;  this  canal,  however,  is  divided  into  two  by  a  partition  which  runs 
along  its  entire  length,  and  which  is  formed  partly  by  a  thin  lamina  of  bone, 
and  partly  by  a  delicate  membrane.  The  two  passages  do  not  communi- 
cate with  each  other,  except  at  the  summit  of  the  helix ;  and  at  their  lower 
end  they  terminate  differently,  one  opening  freely  into  the  vestibule,  and 
the  other  communicating  with  the  cavity  of  the  tympanum,  by  an  aperture 
termed  the  *■  fenestra  rotunda,^^  which  is  closed  by  a  membrane.  These 
cavities  are  lined  by  membrane,  on  which  the  ramifications  of  the  auditory 

^nerve  (o)  are  minutely  distributed,  and  in  which  may  be  found  cells  that 

'^ippear  to  be  ner ve- vesicles ;  and  the  distribution  of  this  nerve  is  peeuliarly 
Be  and  abundant  on  the  "lamina  spiralis"  of  the  cochlea.     Hence  the 

^__.Te  will  be  affected  by  the  sonorous  undulations  into  which  the  iueittded 
fluid  is  thrown ;  and  these  will  probably  be  rendered  more  fre<;  than  they 
are  in  those  forms  of  the  auditory  cavity  in  which  it  is  completely  inclosed 
within  bony  walls,  by  the  existence  of  the  second  orifice  leading  from  the 
cochlea  to  the  tympanic  cavity.  The  cochlea  has  been  supposed  to  be  the 
yrgan  which  enables  us  to  judge  of  the  pilch  of  sounds ;  an  idea  that  derives 

^«ome  confirmation  from  the  correspondence  between  the  development  of  the 
cochlea  in  different  animals,  and  the  variety  in  the  pitch  (or  length  or  tlie 
scale)  of  the  sounds  which  it  is  important  that  they  should  bear  distinctly, 
esptcially  the  voices  of  their  own  kind.^A  pair  of  "otoUtbes/  formed  of 
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particles  of  carbonate  and  phosphate  of  lime  cemented  together  by  animal 
mncus,  is  fonnd  in  the  vestibular  sac. 

716.  The  history  of  the  development  of  the  Auditory  organ  in  the 
higher  Vertebrata,  presents  a  series  of  facts  of  great  interest,  of  which  the 
following  is  an  outline. — ^The  apparatus  takes  its  origin  in  a  portion  of  the 
Epencephalic  vesicle,  or  "  vesicle  of  the  medulla  oblongata"  (Fig.  262,  b, 
k),  which  protrudes  on  either  side,  its  cavity  at  first  commnnicating  with 
that  of  the  vesicle,  which  remains  permanent  as  the  "  fourth  ventricle." 
As  its  protrusion  increases,  it  becomes  elongated  and  pear-shaped,  and  is 
only  connected  with  the  central  mass  by  a  pedicle  whose  canal  gradoaliy 
closes  up ;  th^  sac  thus  cut  off  becomes  the  vestibular  cavity,  and  the  pe- 
dicle the  auditory  nerve.  At  first  there  is  no  vestige  either  of  cochlea, 
semicircular  canals,  or  tympanic  apparatus ;  but  the  sac  presents  the  sim- 
ple character  which  it  permanently  retains  in  the  Cephalopoda  and  the 
lower  Fishes.  Gradually,  however,  the  semicircular  canals  are  developed, 
by  a  contraction  and  folding  in  of  the  walls  of  the  vestibular  sac ;  and  the 
cochlea  is  probably  formed  as  an  offset  from  it.  At  the  same  time,  the 
formation  of  cartilage,  and  subsequently  of  bone,  takes  place  around  the 
auditory  sac  and  its  prolongations,  forming  the  "  sense-capsule,"  which,  in 
the  higher  Vertebrata,  coalesces  with  the  vertebral  elements  to  form  the 

temporal  bone It  is  very  interesting  to  remark  that  the  membranons 

labyrinth,  between  the  eighth  and  thirteenth  days  in  the  Chick,  has  a 
structure  almost  precisely  similar  to  that  of  the  retinal  expansion  of  the 
same  period;  consisting,  like  it,  of  a  distinct  but  very  delicate  fifaroas 
mesh-work,  in  the  spaces  between  which  are  deposited  a  quantity  of  gn- 
nular  matter  and  numerous  nucleated  cells,  whilst  its  exterior  is  compwed 
of  a  dense  mass  of  nuclei,  almost  precisely  analogous  to  the  granular  par- 
ticles which  form  a  large  part  of  the  entire  substance  of  the  retina  (§  T23).' 

G.    Of  the  Sense  of  Sight. 

717.  By  the  faculty  of  Sight,  we  are  enabled  to  take  cognizance  of  hmi- 
nous  impressions ;  and  through  these,  we  become  acquainted  with  the  fona, 
size,  color,  position,  &c.,  of  the  objects  that  transmit  or  reflect  light.  Bat 
such  knowledge  can  only  be  acquired  (so  far,  at  least,  as  we  have  the  meau 
of  judging)  through  the  medium  of  an  optical  instrument,  which  shall  fom 
upon  the  expanded  surficice  of  the  Optic  nerve  an  exact  picture  of  sorroaad- 
ing  objects,  resembling  that  which  is  formed  by  the  Camera  Obscura;  aad 
it  is  from  the  conveyance  of  the  impression  produced  by  this  picture  to  the 
Sensorium,  that  we  derive  the  consciousness  of  that  impression,  on  wbxh 
we  base  our  notion  of  the  object  which  has  produced  it.  This  optiol 
instrument,  or  Eye,  may  exist,  as  we  shall  presently  see,  under  a  gnat 
variety  of  conditions ;  but  it  will  be  only  when  it  is  sufficiently  perfect  t# 
form  a  distinct  picture,  that  any  definite  knowledge  of  surrounding  objects 
can  be  obtained  through  its  means.  There  are,  however,  in  many  of  the 
lower  animals,  certain  colored  spots,  which,  from  their  position,  nerroas 
connections,  and  resemblance  to  the  lowest  forms  of  undoubted  visoal 
organs,  must  be  regarded  as  rudimentary  eyes ;  but  all  the  informatioB  to 
which  we  can  suppose  these  to  be  subservient,  will  be  the  reception  of 
viigue  impressions  of  light  and  darkness. — The  lowest  animals  in  which  uif 
such  organs  have  been  distinguished,^  are  the  Echinodermata ;  oceliii^ 

»  See  Mr.  H.  Gray,  in  "  Philosophical  Transactions/'  185Q. 

*'filo  «it^o\iii\.\ftVi%T^  taken  of  the  rod  spots  seen  in  many  AnimalcvUt,  lincc  tkerei* 
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ppotfi  having  been  observed  bj  Prof  E.  Forbes  at  the  extremities  of  the 
rajs  of  certain  Asleriadaj  where  they  are  connected  with  the  extremlUes  of 
nerve-iilaments,  and  are  protected  by  a  peculiar  arrangement  of  minute 
Bplnes  around  each ;  and  also  by  Ehrenbergf  on  the  surface  of  each  of  the 
fire  plates  that  alternate  with  the  genitnl  plates  around  the  anal  orifice  of 
JCchtmda,  Among-  the  lower  Ariiculata,  the  development  of  tlic  visual 
apparatus  does  not  seem  to  pass  this  rudimentary  grade.  In  the  animals 
belonging  to  the  chss  of  Entozoa,  no  distinct  trace  of  visual  or^ns  has 
been  detected ;  though  among  the  Planarim  and  other  Titrhdlana  wliieh 
range  freely  in  search  of  their  food,  there  are,  a^  in  Leeches,  nnraerous  eye- 
spots  disposed  about  the  head,  by  which  it  may  be  supposed  that  their 
movements  are  in  some  degree  guided.  Similar  eye-spot^  may  be  seen 
upon  the  cephalic  projection  of  the  Rotifera  (Fig.  96,  6) ;  and  they  be- 
come much  more  distinct  in  the  Annelida  (especially  those  of  the  Dorsi- 
hranchiate  order),  among  which  the  rudiments  of  a  proper  optical  instm- 
ment  begin  to  show  themselves,  although  these  are  sometimes  buried 
beneath  the  integuments.  It  is  singular  that  in  certain  of  the  last-named 
animals,  eyes  exactly  resembling  those  elsewhere  found  on  the  head,  should 
present  themselves  on  the  extremity  of  the  tail,  whose  movements  they 
obviously  seem  to  direct*— The  same  may  be  said  of  the  lower  Mollosca. 
Oeelliforra  spots  have  been  observed  in  the  neighborhood  of  each  orifice  of 
^  several  Tunicaia;  and  nnmerons  eyes  may  be  distinguished  along  the  mar- 
gin of  the  mantle  of  Pecten  and  several  other  Oonchifera — each  of  them 
Saving  a  sclerotic  coat,  with  a  cornea  in  front ;  a  colored  iris,  with  its 
pupil,  continuous  with  a  layer  of  pigment  lining  the  sclerotic^  a  crystal- 
line lens  and  Titreous  body  ^  and  a  retinal  expansion^  proceeding  from  an 
optic  nerve  which  passes  from  these  bodies  to  the  circnm-palleal  trunk 
(§043).* 

718.  The  Eyes  of  most  of  the  higher  Artieulattd ^vXmuh^^  are  constructed 
upon  the  composite  type ;  each  of  the  masses  that  is  situated  upon  cither 
side  of  the  head,  being  made  up  of  an  aggregation  of  single  eyes,  every  one 
of  which  is  in  itself  a  complete  visual  instrument,  but  is  adapted  to  receive 
and  to  bring  to  a  focus  those  rays  only  which  come  to  it  in  one  particular 
direction.  In  moat  Insects,  each  composite  eye  forms  a  large  hemisphe- 
rical protuberance,  which  occupies  a  considerable  part  of  the  side  of  the 
head  (Fig.  292) ;  and  when  examined  with  a  sucroscope,  its  surface  is 
seen  to  be  divided  into  a  vast  number  of  facets,  which  are  usually  hexa- 
gonal. The  number  of  these  facets,  every  one  of  which  is  the  "  cornea"  of 
»  distinct  eye,  is  usually  very  great;  in  the  common  House-fiy  there  are 
about  idbo]  in  the  Cabbage  Butterfly,  IT, 000;  in  the  Dragon-fly,  24,000, 
and  in  the  Mordellu-beetle,  25,000,  Behind  the  cornea  fa  a  layer  of  dark 
pigment^  which  takes  the  place  and  serves  the  purpose  of  the  "iris"  in  the 
eyes  of  Tertebrata ;  and  this  is  perforated  by  a  central  aperture  or  '*  pupil/' 
through  which  the  rays  of  light  that  have  traversed  the  cornea,  gain  access 
to  the  interior  of  the  eye*     When  a  vertical  section  is  made  of  one  of 


not  the  le&st  reason  for  helievin^  thoiu  to  be  oc^lU*  iitnilur  spoU  b&vittg  been  seen  m 
mttnj  undonbtedly  Vegetable  cells ;  and  tbe  supposed  ocelli  ot  tbo  margin  &t  the  disk 
of  Midut^  lire  more  probably  auditory  vesicleB  (|  711).  It  is  by  no  means  unlikely, 
boweifer.  tlint  mdiraontary  ocelli  do  o list  in  tbnt  clftrSS. 

'  See  M.  de  QuatrefngGS  m  **Aim.  dcs  SH*  Kat./'  3'  S^r.,  Zool,  torn-  lili. 

*  These  bodies,  previously  noticed  by  Poll,  Gurtier,  and  other  MalacologiaU,  hute 
|>eeii  minutely  deacribod  by  Will  ('^Froriep'a  Newe  Hotiiea,"  )844t  Noi,  C22  and 
623). 
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Head  and  Compound  Ejei  of  the  Bee,  show- 
ing the  ocelli  in  titu  on  one  side  (A),  and  dis- 
placed on  the  other  (b);  a,  a,  a,  stemmata;  6, 
h,  antennas. 


Fig.  292.  these  composite  eyes,  it  is  seen  that 

each  separate  oceUns  is  the  frastrnm 
of  a  pyramid,  of  which  the  comes 
forms  the  large  end,  or  base  (Fig. 
293,  a),  whilst  the  small  end  abuts 
upon  a  halbous  expansion  of  the 
optic  nerve  ;  the  interior  of  this  py- 
ramid is  occupied  by  a  transparent 
substance  (6),  which  represents  the 
**  vitreous  humor ;''  and  the  pyramids 
are  separated  from  each  oiher  bj  t 
layer  of  dark  pigment,  which  com- 
pletely incloses  them,  save  at  the  pa- 
pillary apertures,  and  also  at  a  cor- 
responding set  of  apertures  at  their 
smaller  ends,  where  the  pigment  is 
perforated  by  the  fibres  of  the  optic 
nerve  (c),  of  which  one  proceeds  to 
each  separate  eye.  Each  facet,  or  **  comeule,"  of  the  common  cornea,  is 
usually  convex  on  both  its  surfaces ;  and  thus  acts  as  a  lens,  the  focus  of 
which  has  been  ascertained  by  experiment  to  be  equivalent  to  the  length 
of  the  transparent  pyramid  behind  it ;  so  that  the  imag^  prodaced  by  the 
lens  will  fall  upon  the  extremity  of  the  filament  of  the  optic  nerve  which 
passes  to  its  truncated  end.  The  rays  which  have  passed  through  the 
several  "corneules"  are  prevented  from  mixing  with  each  other,  by  means 
of  the  layer  of  black  pigment  which  surrounds  each  cone ;  and  thus  no 
rays,  except  those  which  correspond  with  the  axis  of  the  cone,  can  reach 
the  fibres  of  the  optic  nerve.     Hence,  it  is  evident  that  each  separate  eye 

must  have  an  extremdy 
Fig.  293.  limited  range  of  vision; 

being  adapted  to  reeeife 
but  a  very  small  pencil 
of  rays  proceeding  from 
a  single  point  in  any  ob- 
ject; and  as  these  eyes 
are  usually  immovable, 
they  would  afford  but 
very  imperfect  informa- 
tion of  the  position  of 
surrounding  objects,  were 
it  not  for  their  enormoof 
multiplication,  by  which 
a  separate  eye  is  pro- 
vided (so  to  speak)  for 
each  point  to  be  viewed. 
No  two  of  the  separate 
eyes,  save  those  upon 
the  opposite  sides  of  the  head  which  are  directed  exactly  forwards,  caa 
form  an  image  of  the  same  point  at  the  same  time ;  but  the  combined 
action  of  all  of  them  may  give  to  the  Insect,  it  may  be  imagined,  as  dis- 
tinct a  picture  as  that  which  we  obtain  by  a  very  different  organizatioa. 
At  any  rate,  it  seems  certain,  from  observation  of  the  movements  of  In- 
sects, that  the  vision  by  which  they  are  guided  must  be  very  perfect  and 


A,  Section  of  the  eye  of  Meloloniha  vufgan'a  (Cockchaffer) : 
n,  a  portion  more  highly  inagni8ed: — a,  facets  of  the  cornea; 
bf  transparent  pyramids  surrounded  with  pigment;  c,  fibres 
of  the  optic  nerve;  d,  trunk  of  the  optic  nerve. 
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acute. — Although  the  foregoing  may  be  considered  the  typical  stmctnre  of 
the  eyes  of  Insects,  yet  there  are  various  slight  departures  from  it  in  the 
different  subdivisions  of  the  class.  Thus  in  some  ca.ses,  the  posterior  snr- 
faee  of  each  '*corneule"  Is  concave,  and  a  space  is  left  between  it  and  the 
iris,  which  seems  to  be  occupied  by  a  watery  flnid  or  ''aqueous  hnmor;" 
in  other  instances,  again,  this  space  is  occupied  by  a  douljle  convex  body, 
which  seems  to  represent  the  *' crystalline  lens;"  and  there  are  eases  in 
which  this  ** crystalline  lens"  is  found  behind  the  iris,  the  number  of  eyes 
being  reduced,  and  each  individual  eye  being  larger,  so  that  the  entire 
aggrei^ntc  approaches,  both  in  its  structure  and  its  mode  of  action,  to  that 
of  Arachnida  and  certain  Crustacea, — Besides  their  composite  eyes,  Insects 
usually  possess  a  small  number  of  rudimentary  single  eyes,  resembling 
those  of  the  Arachnida;  these  are  seated  upon  the  top  of  the  head,  and 
are  called  siemmaia  {Fig*  293,  h).  Their  precise  use  is  unknown;  but 
that  they  have  considerable  infinence  on  the  direction  of  the  movements, 
1  uppears  from  the  fact  that,  if  the  stemmata  of  a  Bee  be  covered  with  paint, 
it  will  fly  continually  upwards  on  being  let  go — a  fact  which  seems  related 
to  those  already  mentioned,  in  regard  to  the  influeuee  of  visual  sensations 
upon  automatic  movements  {§  6t9).  It  is  remarkable  that  the  larvBB  of 
Insects  which  undergo  a  '*  complete"  metamorphosis,  only  possess  simple 
eyes  ;  the  composite  eyes  being  developed,  at  the  same  time  with  the  wings 
and  other  parts  which  are  characteristic  of  the  Imago  state,  during  the 
latter  imrt  of  the  Pupa  condition, 

T 1 9.  In  the  higher  Crustacea,  the  structure  of  the  Eyes  is  nearly  the  same 
as  in  Insects;  but  the  compound  masses  are  not  so  large  relatively  to  the 
bulk  of  the  body,  and  the  unmber  of  distinct  eyes  is  not  nearly  so  great 
The  faceted  cornea  which  covers  the  aggregation  of  oeeili,  is  continuous 
with  the  external  integument  of  these  animals,  and  is  thrown  off  at  each 
exuviation,  a  new  one  being  previously  formed  beneath  it.  In  some  of  the 
Entomostracous  Crustacea,  the  compound  eyes  arc  formed  upon  the  same 
plan,  but  differ  iu  the  smoothness  of  the  surface  of  the  cornea;  in  others, 
however,  as  in  Myriapoda,  each  aggregate  mass  is  composed  of  a  small 
number  of  ''simple"  eyes,  of  which  every  one  has  its  own  separate  cornea, 
as  well  as  it^  own  erystalline  lens  and  vitreous  humor;  and  these  in  some 
instances  are  altogether  detached  from  each  other,  whilst  in  other  cases  they 
are  fused  into  a  single  mass.  It  is  peculiarly  interesting  to  find  the  faceted 
enrface  of  the  eyes  (Fig.  294)  extremely  well  marked  in  the  fossil  remains 
of  the   extinct   Trilobites  (Fig, 

t6,  a)  ;  this  character  alone  hav-  ^^E-  ^^■ 

ing  been  sufficient  to  stamp  them 
as  Articulated  animals,  and  to 
indicate  their  general  position  in 
the  series,*  Among  some  of  the 
Suciorial  Crtistacea,  the  visual 
organs  are  altogether  wanting  in 
tlieir  state  of  full  development, 
although  they  arc  uniformly  pre- 
sent  in  their  early  condition.  The 
same  has  usually  been  believed  of  the  CirrhipecU;  but  from  the  recent  re- 

i  It  ia  maintained  by  Burmelster  ("The  Organimtlon  of  Trilobitcs."  ti^^J^l^^tcd  and 
publisbed  for  ibe  Rny  Society*  pp.  18,  19),  tbftt  the  common  comea  of  the  compoBile 
eyea  of  these  anloi&k  was  iklwayii  smooth,  as  it  ia  in  Branehiput  and  mnoy  other  exiM_- 
ing  EntomoBtracn:  and  that  Oic  faceted  surface  is  produced  by  the  I&sb  <5"  *«*  smootli 
oomea  by  decom position* 


Faoetfid  eya  of  Attjphvi  cm*d*ttn§. 
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searches  of  Leidy  and  Darwin,  it  appears  that  eyes  may  be  detected  in  the 
adalts  of  many  species,  both  sessile  and  pedancnlated.  Each  componDd 
mass  consists  of  eight  or  ten  lenses,  inclosed  in  a  common  membranous  bag  or 
cornea,  but  snrronnded  by  their  separate  envelops  of  pigment;  and  the 
masses  belonging  to  the  two  sides  of  the  body  are  approximated  on  the 
median  plane,  and  are  sometimes  fused  together  into  one.  The  eyes  are 
always  situated  deep  within  the  body,  so  that  the  rays  of  light  cannot  resch 
them  without  passing  through  a  considerable  amount  of  superjacent  tissue; 
and  all  that  they  seem  adapted  to  communicate,  is  the  impression  made  bf 
light  or  darkness.* 

720.  Among  Arachnida,  which  in  this  as  in  many  other  respects 
present  an  approximation  to  Yertebrata,  we  find  a  great  reduction  in  the 
number  of  eyes,  which  are  never  more  than  eight  in  number  (sometimes 
being  only  two),  and  are  to  be  compared  with  the  ''stemmata^  of  Insects, 
rather  than  with  their  compound  eyes.  These  eyes  are  sometimes  collected 
into  one  mass  on  the  summit  of  the  cephalo-thorax  (Fig.  279,  c),  and  sre 
sbmetimes  disposed  symmetrically  and  separately  on  the  two  sides  of  the 
median  line.  In  the  Scorpions,  we  find  two  large  eyes  placed  on  the  dorstl 
aspect  of  the  cephalo-thorax,  near  the  median  line ;  and  three  imirs  of  «aa^\a 
ones,  which  are  placed  on  the  outer  margins  of  the  same  division  of  the  bodr. 
The  larger  eyes  are  described  by  Miiller*  as  each  possessing*  a  "cornea," 
which  is  convex  anteriorly  and  concave  posteriorly ;  and  a  nearly  globolsr 
**  crystalline  lens,"  resembling  that  of  Fishes,  whose  anterior  surface  lies  in 
the  hollow  of  the  cornea,  while  its  posterior  rests  upon  the  "vitreous hu- 
mor" without  being  imbedded  in  it.  The  "vitreous  humor"  is  a  nesriy 
hemispherical  mass  of  soft  granular  matter,  being  almost  flat  in  front,  and 
very  convex  behind ;  over  its  posterior  surface  is  spread  the  "retina,"  or 
expansion  of  the  optic  nerve;  and  this  is  covered  by  a  thick  layer  of  pig<- 
ment,  which  passes  inwards  in  front  of  the  vitreous  humor,  so  as  to  form  t 
sort  of  iris,  the  pupillary  aperture  of  which,  however,  exceeds  the  diameter 
of  the  crystalline  lens. 

721.  Among  those  classes  which  constitute  the  higher  division  of  the 
MoUuscotis  series,  in  virtue  of  the  possession  of  a  distinct  "  head,"  the  pres- 
eifce  of  visual  organs  is  by  no  means  constant;  many  Gasteropoda  snd 
Pteropoda  being  destitute  of  them  altogether,  and  others  only  possession 
ocelliform  spots,  which  may  be  concluded  to  be  rudimentary  eyes,  from  their 
similarity  in  position  to  the  eyes  of  those  which  undoubtedly  possess  visul 
powers.  Evtjn  when  most  developed,  the  eyes  are  generally  very  minute  is 
proportion  to  the  bulk  of  the  body,  and  in  no  instance  do  they  present  t 
high  type  of  structure ;  their  general  organization,  indeed,  bears  a  close 
resemblance  to  that  which  has  been  described  in  the  eye  of  the  Scorpion. 
In  the  Cephalopoda,  however,  we  find  the  visual  organs  presenting  a  moch 
larger  size,  and  attaining  a  much  higher  grade  of  development ;  in  accord- 
ance with  the  greater  functional  activity  required  in  directing  the  rapid  and 
energetic  movements  practised  by  a  large  proportion  of  these  animate.  We 
here  find  nearly  all  the  principal  parts,  which  are  characteristic  of  the  ere 
of  higher  animals ;  namely,  a  cornea,  an  anterior  chamber  filled  with  ti 
aqueous  fluid  inclosed  in  a  distinct  capsule,  a  crystalline  lens  of  globular 
form  (as  in  Fishes),  a  large  posterior  chamber  filled  with  vitreous  humor, 
a  tough  fibrous  or  "sclerotic"  coat,  a  vascular  "choroid"  coat  within  this, 
covered  by  black  pigment  upon  its  inner  surface,  and  a  retinal  expansion. 

*  See  Mr.  Darwin's  *<  Monograph  on  the  Cirripedia,"  pp.  49 — 51. 

t  "Yergleichenden  Pbjsiologie  des  Gcsichtsinncs,''  and  *<  Ann,  des  S^  Nat.,**  torn* 
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Tbe  relations  of  tliUlast  to  the  optic  ganglion,  however,  are  very  pectiliar. 
This  ipranglton  is  situated  almost  close  to  the  back  of  the  eye  ;  and  instead  of 
transmitting  a  single  optic  iierve^  as  in  higher  animals,  it  gires  off  a  multi- 
tude of  filaments,  which  BCparately  pierce  the  sclerotic  coat,  and  then  fonn 
a  plexns  between  this  and  the  choroid,  which  has  been  mistaken  for  the 
retina**  The  true  retina,  however,  is  a  very  thin  lamella,  apparently  com- 
posed  of  a  vesicular  nerve*substanee^  which  is  found  between  the  pigment 
and  the  membrane  inclosing  the  vitreons  Immor,  and  which  communicates 
with  the  network  of  nerve-tubes  on  the  outside  of  the  pigmentary  layer, 
by  filaments  passing  through  the  latter.  No  proper  '*  iris"  exists  in  the 
eyes  of  Cephalopoda^  but  its  place  is  supplied  by  a  partial  prolongation 
of  the  sclerotic  coat  over  the  front  of  the  crystalline,  a  central  puinllary 
aperture  being  left.  The  cornea  is  not,  like  the  true  cornea  of  higher  ani- 
mals, a  transparent  continuation  of  the  sclerotic  coat,  but  is  a  modification 
of  the  general  integament,  analogous  rather  to  the  external  or  conjunctival 
layer  of  the  cornea  of  Yertebrata ;  it  Is  remarkable  that  in  some  Cephalo- 
poda, it  should  be  per- 
forated by  an  orifice  of  ^ig-  206. 
considerable  size,  through 
which  the  capsule  of  the 
crystalline  lens  projects 
into  the  external  medium," 
122,  There  are  but  few 
exceptions  to  the  general 
fact  of  the  presence  of 
distinct  visnal  organs  in 
the  Vertthrata;  and  the 
type  upon  which  these 
are  formed,  presents 
scarcely  any  essential  di- 
versity in  the  different 
elasaes  (Fig.  295).  Jn 
all,  we  find  the  eye  of 
nearly  globular  shape, 
with  a  projection  in  front 
caosed  by  the  greater 
curvature  of  the  cornea. 
It  is  inclosed  in  a  tough 
fibroas  envelop,  or  **  scle- 
rotic'' coat  (i),  which 
supports  the  transparent 
*' cornea''  (i*);  and  this 
ii  lined  by  the  vascular 
** choroid"  (a),  of  wMeh 


Uie  muscular  "iri8'^(G), 
that  is  interposed  between 
the  anterior  and  posterior 
chambers,    may    be    re- 


Lanptudm&t  sectioii  of  tho  j^lob^  of  tlie  I/umftn  EtfiT— 
1.  The  Ackrotio,  thicker  behind  than  in  front.  2>  Tba  eora4% 
r««]Ted  witbin  lbs  Antf^rii^r  mnrgin  of  tbe  icl^r^tlej  tkttd 
cDDneet^d  with  it  hj  m^tLnn  of  n  bevelled  tdjjft,  3»  Th« 
eboroidp  connected  anteri^rlj  with  (*)  tha  cilifciy  mufde^ 
and  (5)  Ibfl  cilinry  proceiwa.  6.  The  irif,  T.  Tb»  pupU. 
S.  The  rotmn,  or  eipmnsinn  of  the  optio  cerre,  termlofttliif 
ntiteriorly  bj  Eii  iibrupt  border  at  the  comin«ncem«D|  of  tb« 
cilUry  proeefses.  9.  Tb«  csqaI  of  Pelit,  whLeb  «Ddre]«i 
the  lei^i  (11);  the  thin  kjer  id  front  of  tkti  »iiftl  ft  lh« 
lonulA  cilmrif  I  &  prolongs lioa  of  tli«  TmaeaUf  bj«r  «f  |]|« 
relina  to  tb«  lens.  10,  The  antmor  chAmhtw  if  lfc«  #jr^ 
contnimng  the  aquQatii  bttmi^r:  thm  Eaiaf  iBiiibii— t  jy 
^bicb  the  humor  is  secreted  it  njfifMiMiai  la  Hkm  4kmgfmiB* 
1 1«  The  po^tuHur  ^bnmber.  12.  The  kw,  mmm  mmwfM  b«* 
l>md  than  berate,  nnd  ludoted  in  Iti  jmwfm  m$mim.  IM* 
The  vitreoua  humor  inoloied  in  ih.^hjaMiimgmkam9^§mi 
in  teUi  fuTtued  in  ill  interior  b^  tbAi  aoiltss*.  I4p  A 
inbul^r  «beftth  of  the  bjriloid  mtnibraM^  viU  nrv«  §m 
tlio  p[i»$iifC«  of  ihu  artery  of  the  cAprota  «f  A«  iMt.  If, 
The  neariLemtBA  of  the  optlo  oerrOt  11^  At  iflflfl*  m^ 
imiii  retififf,  imbedded  in  tbo  eeotn  of  Asif^  mtw^ 


>  Th«  iru«  Dbtare  anil  rektions  of  thia  ttmctajre  were  ftrst  elucii 
Jones,  in  **  Lond,  and  Editib.  Phil  Mag.,"  3d  Ser.  toL  -tiii  (1830); 
''Dublin  Joura.  of  Med*  Sci.,"  vol.  liii.  (1S420 

■  The  homologies  of  thU  fiberrant  structure  are  very  differently  i 
cut  Anatomists,     See  Siebold's  ^'Vergleichetulo  Anatomie/*  {  24T, 
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garded  in  some  sort  a  continaation.  The  choroid  is  lined  bj  a  layer  of 
black  pigment ;  and  between  this  and  the  hyaloid  membrane  (or  capsule  of 
the  vitreous  hamor)is  interposed  the  '*  retina"  (s ).  The  optic  nerve,  in  all 
instances,  is  a  single  tmnk  which  perforates  the  sclerotic  and  choroid 
coats  at  the  back  of  the  eye,  and  then  spreads  ont  into  a  fibrous  network, 
which  is  covered  on  its  free  surface  by  a  layer  of  vesicular  or  ganglionic 
matter.  It  is  of  this,  indeed,  that  the  nervous  portion  of  the  retina  is 
chiefly  composed ;  and  the  nerve-vesicles  here  found  can  scarcely  be  distin- 
guished from  those  of  the  gray  matter  of  the  brain.  This  is,  perhaps,  the 
best  example  we  possess,  of  the  general  doctrine,  that  the  changes  com- 
mencing at  the  peripheral  extremities  of  the  afferent  nerves,  are  probably 
effected  by  the  agency  of  cells,  like  those  which  originate  at  the  central 
origins  of  the  efferent.  The  refractive  media  contained  in  the  interior  of 
the  eye  are  always  three  in  number,  and  of  different  densities;  the  anterior 
chamber  (lo)  being  occupied  by  the  ''aqueous  humor,"  which  is  a  limpid 
watery  fluid;  the  "crystalline  lens"  (12),  a  substance  of  considerable  firm- 
ness, whose  convexity  is  much  less  in  the  terrestrial  than  in  the  aquitie 
Yertebrata,  being  placed  immediately  behind  the  iris ;  and  the  great  bnlk 
of  the  posterior  chamber  being  occupied  by  the  *'  vitreous  humor"  (la),  which 
is  of  the  consistence  of  thin  jelly. 

723.  The  eye  of  FMes  is  chiefly  remarkable  for  the  great  density  tnd 
spherical  form  of  the  crytalline  lens,  which  enable  it  to  exert  the  necessuy 
refracting  influence  upon  rays  which  come  to  the  organ  through  water;  ind 
also  for  the  presence  of  the  body  termed  the  '*  choroid  gland,"  a  vascolar 
erectile  organ  at  the  back  of  the  eyeball,  which,  like  the  "  pecten"  in  the 
eye  of  the  Bird,  may  be  concerned  in  the  adaptation  of  the  eye  to  distinct 
vision  at  different  distances. — The  eye  of  Repixle$  presents  no  remarkable 
peculiarity;  except  in  the  rudimental  existence,  among  certain  Cheloiia 
and  Sauria,  of  that  osseous  capsule  which  is  so  largely  developed  in  th» 
extinct  Enaliosauria  (Fig.  296),  and  which  performs  a  most  important  office 
in  the  eyes  of  Birds.  We  here  first  meet,  however,  with  a  special  arrange- 
ment of  the  integuments  of  the  face  for  the  protection  of  this  delicate  orgaa; 
for  whilst  in  Serpents  the  skin  of  the  head  passes  continuously  in  front  of 
the  eyes,  merely  becoming  transparent  where  it  covers  the  cornea,  it  is 

Fig.  296. 


Skull  of  Ichthtfo§auru9,  showing  the  oNeous  iclerotto  plates. 

doubled  in  most  other  Reptiles  into  two  folds,  constituting  the  upper  and 
lower  eyelids,  which  can  be  drawn  together  by  a  sphincter  mnscle;  and  we 
also  find  a  rudiment  of  the  third  eyelid,  formed  by  an  additional  fold  of 
membrane  at  the  inner  angle,  which  is  fully  developed  in  the  Batrachia  and 
in  the  Crocodile,  into  a  **  nictitating  membrane"  resembling  that  of  Birds. 
— ^The  eye  of  Birds  is  generally  large ;  and  it  is  obvious,  from  the  habits  of 
these  animals,  that  their  visual  power  is  extraordinarily  acute.     The  toagh 
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fibrous  investment  of  the  globe  is  very  commonly  strengthened  in  front  by 
a  circle  of  bony  plates,  usually  from  twelve  to  fifteen  in  number ;  and  among 
other  purposes  which  these  plates  appear  to  serve,  is  that  of  giving  a  fixed 
point  of  action  to  the  special  muscular  apparatus,  by  which  the  adaptation 
of  the  eye  to  varying  distances  is  e£fected.  The  eye  of  Birds  is  also  remark- 
able for  the  presence  of  a  peculiar  body,  termed  the  pecten  marsupium,  which 
projects  forwards  from  the  fissure  of  entrance  of  the  optic  nerve  into  the 
vitreous  humour ;  it  is  chiefly  composed  of  a  layer  of  bloodvessels,  con- 
stituting an  erectile  tissue,  folded  in  numerous  plications,  the  size,  form,  and 
number  of  which  vary  considerably  in  di£ferent  Birds,  even  such  as  are  other- 
wise closely  allied ;  and  the  whole  is  covered  by  a  continuation  of  the  black 
pigment  which  lines  the  choroid.  The  uses  of  this  organ  are  not  certainly 
known ;  it  may,  perhaps,  serve  more  than  one  purpose ;  but  its  action  seems 
not  improbably  to  be  connected  with  the  adaptation  of  the  eye  to  distances, 
the  relative  positions  of  the  crystalline  lens  and  the  retina  being  altered 
when  its  vessels  are  distended  with  blood.  The  third  eyelid  or ''  nictitating 
membrane"  here  attains  its  highest  development,  being  drawn  rapidly  and 
frequently  across  the  eye  by  a  special  muscular  apparatus,  for  the  purpose 
of  sweeping  impurities  from  its  surface,  whilst,  being  translucent,  it  does 
not  offer  any  great  impediment  to  the  admission  of  light. — The  general  plan 
of  structure  of  the  Eye  in  Mammalia  does  not  depart  much  from  the  type 
of  the  organ  in  Man ;  though  there  are  several  minor  variations  in  di£ferent 
orders.  Thus,  in  Cetacea,  the  crystalline  lens  is  nearly  globular,  as  in 
Fishes ;  and  in  most  Quadrupeds,  a  portion  of  the  choroid  is  lined  with 
a  pigment-layer  of  metallic  lustre,  called  the  tapetum^  which  is  silvery  in  the 
Oamivora,  and  blue-green  in  the  Herblvora.  In  the  Ornithorhyncus  alone 
do  we  find  a  circlet  of  bony  plates  in  the  sclerotic  coat.  The  visual  power 
of  Mammals  appears  on  the  whole  to  be  inferior  to  that  of  Birds,  especially 
in  the  power  of  accommodation  to  a  range  of  distance. 

724.  The  development  of  the  Eye  in  the  higher  Yertebrata  commences 
bj  a  protrusion  from  a  part  of  the  Deutencephalic  portion  of  the  brain,  or 
"vesicle  of  the  thalami  optici"  (§  6t9),  which  is  at  that  time  hollow;  and 
the  cavity  of  the  protrusion  is  continuous  with  that  of  the  vesicle  itself,  which 
remains  as  the  ''third  ventricle."  The  protrusiom  is  lined,  like  the  vesicle 
itself,  with  granular  matter,  which  gradually  becomes  distinctly  cellular, 
forming  a  layer  of  truly  ganglionic  character ;  and  whilst  this  change  is 
taking  place,  the  protrusion  increases,  becomes  pear-shaped,  and  is  at  last 
connected  only  by  a  narrow  pedicle  with  the  vesicle  from  which  it  sprang. 
This  pedicle  closes  up,  so  as  completely  to  separate  the  two  cavities ;  and 
the  one  which  has  been  thus  budded  forth  constitutes  the  rudiment  of  the 

2e,  whilst  the  other  goes  on  to  form  the  ganglionic  bodies  at  the  base  of 
e  cerebrum,  and  the  connecting  pedicle  becomes  the  optic  nerve,  which 
connects  the  retina  with  its  ganglionic  centre.  The  spherical  extremity  of 
the  protrusion  is  absorbed,  and  the  retina,  or  vesicular  lining,  becomes 
attached  to  the  margin  of  the  lens,  which  is  in  the  mean  time  developed  in 
the  interior  of  the  cavity,  and  is  at  first  completely  surrounded  by  the  retina. 
The  formation  of  the  coats  of  the  Eye  takes  place  subsequently;  the  deve- 
lopment even  of  the  "fibrous  lamina"  and  of  the  "membrana  Jacobi"  of 
the  retina  itself,  not  taking  place  until  after  its  cellular  layer  has  been  very 
distinctly  formed.* — It  is  a  curious  circumstance,  and  one  not  very  easy  to 
account  for,  that  the  development  of  the  Eye  should  take  place  from  the 
Dentencephalic  and  not  from  the  Mesencephalic  vesicle ;  as  it  is  in  the  latter 

>  See  Mr.  H.  Gray,  in  "Philosophical  Transactions,"  1850. 
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that  the  proper  '*  optic  ganglia"  originate,  with  which  the  optic  nenrcs 
come  at  last  to  have  their  principal  connection,  their  connection  with  the 
"thalami  optici"  being  much  less  close. 

•|25.  In  the  most  perfect  form  of  the  Eye,  such  as  that  presented  by 
Yertebrata  generally,  the  luminous  rays  which  diverge  from  the  several 
points  of  any  object,  and  fall  upon  the  front  of  the  cornea,  are  refracted  by 
its  convex  surface,  whilst  passing  through  it  into  the  eye,  and  are  made  to 
converge  slightly.  They  are  brought  more  closely  together  by  the  crysUl- 
line  lens,  which  they  reach  after  passing  through  the  pupil ;  and  its  refract- 
ing influence,  together  with  that  produced  by  the  vitreous  humor,  is  such 
as  to  cause  the  rays  that  issued  from  .each  point  to  meet  in  a  focus  on  the 
retina.  In  this  manner,  a  complete  inverted  image  is  formed,  as  shown  in 
Fig.  291,  which  represents  a  vertical  section  of  the  eye,  and  the  genenl 

course  of  the  rays  in  its  interior;  those 
Fig.  297.  which  issue  from  the  point  a  being 

brought  to  a  focus  at  d,  whilst  those 
diverging  from  b  are  made  to  con- 
verge upon  the  retina  at  a  The  re- 
tina, which  is  itself  so  thin  as  to  be 
nearly  transparent,  is  spread  over  the 
layer  of  black  pigment,  which  lines 
the  choroid  coat.  The  purpose  d 
this  is  evidently  to  absorb  the  rays  of  light  that  form  the  picture,  immedi- 
ately after  they  have  passed  through  the  retina;  in  this  manner,  they  ue 
prevented  from  being  reflected  from  one  part  of  the  interior  of  the  globe  to 
another,  which  would  cause  great  confusion  and  indistinctness  in  the  picture. 
Hence  it  is  that  in  those  albino  individuals  (both  of  the  Homan  race,  and 
among  the  lower  animals),  in  whose  eyes  this  pigment  is  deficient,  vision  is 
extremely  imperfect,  except  in  a  very  feeble  light ;  for  the  vascularity  of 
the  choroid  and  iris  is  such,  as  to  give  to  these  membranes  a  bright  red  hoe, 
which  enables  them  powerfully  to  reflect  the  light  that  reaches  the  interior 
of  the  eye,  when  they  are  not  prevented  from  doing  so  by  the  interposition 
of « the  pigmentary  layer. — The  Eye  is  so  constructed,  as  to  avoid  certain 
errors  and  defects,  to  which  all  ordinary  optical  instruments  are  liable.  One 
of  these  imperfections,  termed  spherical  aberration,  results  from  the  fact 
that  the  rays  of  light,  passing  through  a  convex  lens  whose  curvature  is 
circular,  are  not  aZ? brought  to  their  proper  foci;  those  which  have  passed 
through  the  exterior  of  the  lens,  being  made  to  converge  sooner  than  those 
which  have  traversed  its  central  portion.  The  result  of  this  imperfectioB 
is,  that  the  image  is  deficient  in  clearness,  unless  only  the  central  part  of 
the  lens  be  employed. — The  other  source  of  imperfection  is  what  is  termed 
chromatic  aberration;  and  it  results  from  the  unequal  degree  in  which  the 
differently  colored  rays  are  refracted,  so  that  they  are  brought  to  a  focus  tt 
different  points.  The  violet  rays,  being  the  most  refrangible,  are  soonest 
brought  to  a  focus ;  and  the  red,  being  the  least  refrangible,  have  thdr 
focus  at  the  greatest  distance  from  the  lens.  Hence,  it  is  impossible  to  ob- 
tain an  image  by  an  ordinary  lens,  in  which  the  colors  of  the  object  are 
accurately  represented ;  for  the  foci  of  its  differently  colored  portions  will 
be  different;  and  its  white  rays  will  be  decomposed,  so  that  the  outlines  wiD 
be  surrounded  by  colored  fringes. — The  Optician  is  enabled  to  correct  the 
effects  of  these  aberrations,  by  combining  lenses  of  different  densities  and 
curvatures ;  so  arranged  as  to  cover  each  other's  errors,  without  neutnJ- 
izing  the  refractive  power.  This  is  precisely  the  plan  adopted  in  the  con- 
struction of  the  Eye;  which,  when  perfectly  formed,  and  in  a  healthy  state, 
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forms  an  aecttrate  picture  of  the  object  upon  the  retina,  free  from  either 
spherical  or  chromatid  aberration.  This  is  effected  by  the  combination  of 
humors  of  different  densities,  ha?ing  eurTatures  precisely  adapted  to  the 
required  purpose. 

T2B.  The  power,  by  which  a  healthy  well-formed  Eye  can  accotnmodate 
itself  to  the  distinct  yision  of  objects  at  Tarying-  distances,  is  a  very  re- 
markable one ;  and  its  rationale  is  not  yet  perfectly  understood.  According 
to  the  laws  of  Optics,  the  picture  of  a  near  object  can  only  be  distinct, 
when  formed  more  remotely  from  the  lens  than  the  picture  of  a  digtant  ob- 
jecL  Consequently  wlien  the  eye,  that  has  been  looking:  at  a  distant  object, 
and  has  seen  it  clearly,  is  turned  to  a  near  object,  a  distinct  picture  of  the 
latter  cannot  be  formed,  without  some  alteration  in  the  distance  either  of 
the  cornea  or  of  the  lens  from  the  retina,  or  in  the  enn'ature  of  their  re- 
fraeting  surfaces.  It  seems  most  probable  that  the  adjustment  is  chiefly 
effected  by  the  "ciliary  muscle,'*  which  is  a  collection  of  muscular  fibres, 
radiating  from  the  junction  of  the  cornea  and  sclerotic,  to  the  **  ciliary  pro- 
cesses" of  the  choroid,  which  hold  the  lens  in  its  place;  for,  by  the  contrac- 
tion of  this  muscle,  the  lens  will  be  drawn  forwards,  and  the  eye  thus 
adapted  for  the  rision  of  near  objects.  Jn  the  Hnman  eye,  the  ciliary 
muscle  consists  of  ** non-striated"  fibres;  but  in  the  eyes  of  Birds,  in  which 
it  is  much  more  hif^hly  developed,  it  is  formed  of  "striated"  fibres;  whilst, 
by  the  partial  ossification  of  the  anterior  portion  of  the  sclerotic  coat,  its 
origin  is  more  securely  fi.xed,*  It  does  not  seem  improbable  that  the 
"pectea"  or  peculiar  erectile  organ  in  the  vitreous  humor  of  the  Bird's  eye 
(§  723),  may  be  subsertient  to  this  adjustment ;  for,  when  the  lens  is  carried 
forwards,  a  Vacuity  must  exist  behind  it,  which  the  entrancG  of  blood  into 
this  plexus  of  Tcssels  will  snpply.  It  seems  quite  certain,  fVom  observation 
of  the  actions  of  Birds,  that  they  mu5t  possess  the  power  of  adaptinp^  their 
eyes  to  distinct  Yision  at  different  distances,  in  a  higher  degree  \\nxn  any 
other  animals.  The  *' choroid  gland"  of  the  Fish's  eye  (§  723)  may  not 
improbably  answer  a  similar  purpose. — The  adjustment  is  probably  in  all 
eases,  as  in  Man,  a  purely  ** automatic"  action,  taking  place  without  any 
voluntary  effort,  whenever  the  visual  sense  is  directed  by  the  will  to  a  special 
object;  and  it  is  a  very  good  example  of  that  class  of  actions,  in  which 
Menaaiion  is  a  necessary  link  in  the  chain  of  reflex  action  (§  678). 

727,  Another  automatic  action*  which  adapts  the  eye  for  distinct  vision 
under  varying  degrees  of  light,  is  the  alteration  in  the  diameter  of  the 
"  pupiL"  '  This  is  effected  by  the  muscular  structnre  of  the  *'iris,"  which 
is  made  np  in  many  animals  (thoogh  not  distinctly  so  in  Man)  of  two  sets  of 
fibres,  a  circular  and  a  radiating ;  the  aperture  of  the  pupil  being  diminished 
by  the  contraction  of  the  former,  when  the  light  is  powerful,  so  as  to  exclude 
Its  excess  from  the  interior  of  the  eye;  and  being  augmented  by  the  con- 
traction of  the  latter,  when  the  light  is  faint,  so  as  to  admit  tlie  greatest 
possible  number  of  rays.  The  contraction  of  the  pupil  also  takes  place 
when  vision  is  directed  to  any  very  near  object ;  and  its  purpose  appears  then 
to  be,  to  prevent  the  rays  from  entering  the  eye  at  such  a  wide  angle  as  would 
render  it  impossible  for  them  to  be  all  brought  to  their  proper  foci,  and 
would  thus  produce  an  indistinct  image.  In  either  ease,  the  regulation  of 
the  diameter  of  the  pupil  is  an  action  with  which  the  will  has  nothing  to  do, 
and  which  it  cannot  execute  by  any  direct  effort. — It  is  worthy  of  note  that 
In  Birds  the  fibres  of  the  iris  are  very  strongly  marked »  and  that  they  are  of 

'  8c«  McBJsni,  T©d<)  nn^  B<JwmBn*s  •*  rhyBidoffcal  Anatopiy  and  PHjiiology  or  Mad/^ 
— Am,  Kd. 
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the  "  Striated"  kind.  The  diameter  of  the  pupil  is  often  seentoTaryin 
them,  without  any  change  in  the  amount  of  light,  or  any  alteration  in  the 
position  of  the  eyes,  whence  it  has  been  supposed  that  they  possess  a  Yolan- 
tary  power  over  this  movement ;  but  the  fact  is,  probably,  rather  that  the 
alteration  takes  place  in  virtue  of  a  change  in  the  direction  of  the  sight  from 
a  near  to  a  distant  object,  or  vice  versd,  which  may  occur  without  any  obvioos 
diflference  in  the  position  of  the  eyes,  when  the  two  objects  are  in  the  same 
line,  and  the  eyes  are  placed  at  the  sides  of  the  head,  and  not  in  front— as 
in  the  Parrot,  in  which  this  change  has  been  most  frequently  observed. 
When  the  eyes  are  so  situated  that  both  of  them  can  be  directed  to  the  same 
object,  their  axes  are  made  to  converge  in  it;  and  the  angle  at  which  thej 
meet,  which  will  be  very  acute  when  the  object  is  distant,  increases  rapidly 
as  the  object  is  approximated  to  the  eyes.  It  is  from  the  "  muscular  sense," 
which  informs  us  of  the  condition  of  the  muscles  thus  brought  into  conjoint 
action,  that  we  derive  our  chief  information  as  to  the  distance  of  objects, 
by  an  instinctive  interpretation  of  the  impressions  thus  made  upon  our  con- 
sciousness.  It  is  quite  certain  that,  in  Man,  this  instinctive  apprehension 
is  acquired;  for  the  infant,  or  a  person  who  has  newly  become  possessed  of 
vision,  is  only  able  to  form  it  after  a  long  course  of  experimenUl  training. 
It  is  equally  certain,  on  the  other  hand,  that  in  many  of  the  lower  animals 
it  must  be  congenital;  since  they  perform  actions,  which  manifest  a  power 
of  accurately  estimating  distances,  and  of  regulating  their  muscnlar  moTe- 
ments  accordingly,  immediately  on  their  entrance  into  the  world  ({  TOl). 

728.  A  considerable  variety  exists  among  Yertebrated  animals,  m  regard 
to  the  position  of  the  Eyes,  and  the  degree  in  which  they  possess  the  same 
range  of  vision.  It  would  seem  as  if  a  very  extensive  rang^e  of  Ti^on  pos- 
teriorly, is  necessary  in  such  timorous  animals  as  the  Raminants,  which  are 
almost  always  on  the  watch  for  enemies,  and  seek  their  safety  in  flight;  that 
perfection  of  the  visual  sense,  which  (as  will  be  presently  ahown)  can  oalj 
be  gained  by  the  combined  use  of  the  two  eyes,  being  sacrificed  m  them  to 
the  power  of  seeing  roun<l  the  whole  horizon  at  once,  which  they  possess  in 
virtue  of  the  lateral  position  of  their  eyes.  Where  the  position  of  the  eyes 
is  such  that  their  spheres  of  vision  are  entirely  distinct  (as  happens  in  many 
Fishes),  the  optic  nerve  proceeding  from  each  eye  passes  direct  to  the  gan- 
glion on  the  opposite  side ;  but  where,  as  most  commonly  happens,  theraoe^ 
of  one  eye  overlaps  (so  to  speak)  that  of  the  other,  so  that  both  see  the 
same  object  at  once,  if  it  be  within  that  overlapping  portion,  a  different 
arrangement  of  the  fibres  of  the  optic  nerves  prevails ;  for  those  of  socb 
parts  of  the  retime  of  both  eyes,  as  look  towards  the  same  side  (».  e.  the 
inner  portion  of  the  retina  of  the  right  eye,  and  the  outer  portion  of  the 
retina  of  the  left,  and  vice  versa),  pass  to  the  ganglion  of  the  opposite  side; 
so  that  each  eye  is  connected  with  both  ganglia.  The  effect,  however,  iHl 
still  be  the  same ;  namely,  to  make  each  ganglion  the  seat  of  the  visuni  im- 
pressions originating  from  sources  on  the  opposite  side  of  the  body;  and 
the  purpose  of  this  is,  probably,  to  bring  the  guiding  sensations  of  sight 
into  relation  with  the  muscular  movements  they  regulate.  For,  by  a  decus- 
sation of  fibres  in  the  Medulla  Oblongata,  the  Sensory  Ganglia  above  it  aie 
connected  with  opposite  sides  of  the  Spinal  Cord  below  it ;  and  thus,  the 
sensations  of  visual  objects  on  the  right  side  of  the  body  being  derived 
through  the  left  optic  ganglion,  their  influence  will  be  directly  conveyed  to 
the  right  side  of  the  spinal  cord,  and  to  the  muscles  whose  nerves  originate 
from  it. 

729.  Although  the  forward  position  of  the  eyes,  by  greatly  diminishing 
the  range  of  vision,  might  seem  to  detract  from  the  advantage  which  is  con- 
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ferred  by  the  possession  of  two  eyea,  yet  it  coufers  a  great  adrantage  of  a 
different  kiad  ;  for  it  is  by  tbe  btuiliTe  combination  of  the  two  dissimtiar  pic- 
tures, which  are  formed  of  any  near  object  upon  the  retina  of  the  two  eyes, 
that  we  gain  the  impression  of  it^  projection  or  solidity.  That  the  pictures 
are  dissimilar,  is  easily  show^n  by  holding  np  a  thin  book  in  such  a  raanner 
that  its  back  shall  be  in  a  line  with  the  nose,  and  at  a  moderate  distance 
from  it ;  and  the  experimenter  w^ho  looks  at  the  book,  first  with  one  eye, 
aad  then  with  the  other,  will  find  that  he  gains  a  different  Tiew  of  the  object 
with  each  eye,  when  used  separately  j  so  that  if  he  were  to  represent  it,  as  be 
actually  sees  it  under  these  circumstances^  he  would  have  two  perspective 
delineations  differing  from  one  another,  because  drawn  from  different  points. 
But  on  looking  at  the  object  with  the  two  eyes  conjointly,  there  is  no  con- 
fusion between  these  pictures  ;  nor  does  the  mind  dwell  upon  either  of  them 
singly  J  but  the  mental  union  of  the  two  intuitiTely  gives  ns  the  idea  of  a 
mlid  projectiti^  body — such  an  idea  as  we  conld  only  have  otherwise  ac- 
quired by  the  exercise  of  the  sense  of  touch.  That  this  is  really  the  case, 
has  been  proved  by  experiments  with  a  very  ingenious  instmment,  the  Ste- 
reoscope, invented  by  Frot  Wheatstone;  which  is  so  contrived  as  to  bring 
to  the  two  eyes,  by  reflection  from  mirrors,  or  refraction  through  prisms  or 
lenses,  two  different  pictures,  such  as  would  be  accurate  representations  of  a 
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solid  object,  as  seen  by  the  two  eyes  respectively  (Fig*  29B).  The  images 
of  these  pictures  being  thrown  on  those  parts  of  the  two  rctinjo  which  would 
have  been  occupied  by  the  images  of  the  solid  (supposing  tliat  to  have  been 
before  the  eyes),  the  mind  will  perceive,  not  one  or  other  of  the  single  re- 
presentations of  the  object,  nor  a  confused  union  of  the  two,  but  a  body 
projecting  in  relief,  the  exact  counterpart  of  that  from  which  tlie  drawings 
were  made  J — It  is  doubtless  by  a  similar  intnitivc  interpretation  that  wc 
recognize  the  erect  position  of  objects,  notwithBtanding  the  inversion  of 
their  images  upon  our  retinte.     This  is  certainly  not  a  matter  of  experience ; 

»  T)ve  most  wonderful  ^prmluctiont  to  the  mimTM  e^f,  of  tlie  solid  body,  i?  eflecteil 
when  Ibe    tirci  piciores  employed  nre /^Arj/o^ra/jAi>  rep resent^rions  ( evt her  **daguer^^ 
typca'*  or  *'  Iftlbotypca*')  Ukcti  at  the  proper  atigular  dUtance  from  emcli  otlier. 
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nor  is  it  capable  of  explanation  (as  some  have  supposed)  by  a  reference  to 
the  direction  in  which  the  rays  fall  upon  the  retina.  It  is  the  Mind  which 
rectifies  the  inversion;  and  it  is  just  as  difficult  to  understand  how  the  in- 
verted  image  upon  the  retina  should  be  taken  cognizance  of  by  the  mind  at 
all,  as  it  is  to  comprehend  how  it  should  thus  be  rectified.  In  fact,  there  is 
no  real  connection  whatever  between  the  inversion  of  the  image  upon  the 
retina,  and  that  wrong  perception  of  external  objects,  which  some  hare 
thought  would  be  its  necessary  consequence. 


CHAPTER    XV. 

OF  THE  SOUNDS  PRODUCED  BY   ANIMALS. 

730.  The  purposes  of  Animal  existence  frequently  involve  the  necessitr 
of  such  a  communication  between  one  individual  and  another,  as  can  only 
be  made  by  the  production  of  Sounds  on  the  one  part,  and  by  the  Hearing 
of  them  on  the  other.  The  most  general  requirement  of  this  kind,  is  pro- 
bably that  arising  out  of  the  Generative  function,  in  those  tribes  in  which 
the  congress  of  two  individuals  is  requisite ;  and  we  find  that  one  or  both 
of  the  sexes  are  often  provided  with  the  means  of  producing  sounds,  which 
indicate  their  presence  to  such  of  the  opposite  sex  as  may  be  within  hear- 
ing of  them.  The  sounds  produced  by  Invertebrated  anlmalg  are  not  vocal 
or  articulate  in  their  character,  although  they  frequently  senre  to  intimate 
the  state  of  tranquillity  or  excitement  of  the  individaals  that  utter  them; 
and  it  is  only  in  the  higher  Yertebrata,  in  which  the  apparatus  of  Voice  is 
so  constructed  as  to  be  capable  of  a  great  variety  of  actions,  and  is  brought 
into  relation  with  the  respiratory  organs,  that  it  acquires  its  most  ei- 
pressive  character.  The  restriction  of  articulate  language  to  Min,  is 
rather  a  result  of  the  superiority  of  his  mental  than  of  his  roca/  endowments. 
since  many  Birds  can  execute  a  perfect  imitation  of  the  sounds  which  be 
utters,  although  incapable  of  attaining  to  more  than  a  general  comprehen- 
sion of  their  import,  and  this  rather  in  the  "  concrete"  than  by  the  forma- 
tion of  any  '*  abstract"  notions  of  the  meaning  of  the  separate  words  which 
they  imitate. 

731.  Although  certain  of  the  Nudihrandtiaie  Gasteropods  have  been 
occasionally  heard  to  produce  a  clear,  bell-like  sound,  yet  their  mode  of 
generating  it  is  unknown;  and  they  are  the  only  animals  of  the  MoUnscoc* 

series,  in  which  such  an  endowment  has  ever  been  observed It  is  amon? 

Insects,  more  than  in  any  other  class  of  Invertebrata,  that  the  power  d 
generating  sounds  is  met  with.  Some  of  these  seem  necessarily  to  arise 
during  the  ordinary  movements  of  these  animals;  such  is  the  **  hum"  which 
is  produced  in  flight,  and  which  varies  in  its  character  from  the  dull  dnM* 
ing  sound  of  the  common  "  shard-borne  beetle,"  to  the  shrill  trumpet  of  th« 
gnat  and  mosquito,  that  serves  to  give  warning  of  the  proximity  of  these 
bloodthirsty  insects.  Generally  speaking,  the  Insects  that  fly  with  the 
greatest  force  and  rapidity,  and  with  wings  seemingly  motionless  (owing  to 
the  extreme  rapidity  of  their  vibrations),  make  the  most  noise;  whilst 
those  that  fly  gently  and  leisurely,  and  can  be  seen  to  fan  the  air  with  their 
wings  (as  is  the  case  with  most  Lepidoptera),  yield  little  or  no  sound.  It 
appears,  however,  from  the  experiments  of  Burmeister,  that  in  Bees  and 
Flies,  the  sound  is  not  so  much  produced  by  the  simple  motion  of  die 
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wings,  to  whicli  it  is  commonly  attributed,  as  by  the  vibrations  of  a  little 
membranoas  plate  situated  in  each  of  the  posterior  spiracles  of  the  thorax; 
for  if  the  apertures  of  these  be  stopped,  no  sound  is  heard,  even  though  the 
wings  remain  in  movement.  Other  sounds  are  produced  by  the  act  of 
mastication ;  thus,  the  noise  occasioned  by  the  armies  of  Locusts,  when  in- 
calculable millions  of  powerful  jaws  are  in  action  at  the  same  time,  has 
been  compared  to  the  crackling  of  a  flame  of  fire  driven  by  the  wind. — The 
sounds  which  are  produced  by  special  means,  with  direct  reference  to 
mutual  communication,  are  generated  in  a  great  variety  of  modes.  Thus, 
the  neuters  or  "  soldiers"  among  the  Termites  make  a  vibratory  sound, 
rather  shriller  and  quicker  than  the  ticking  of  a  watch,  by  striking  hard 
substances  with  their  mandibles ;  and  this  seems  to  answer  the  purpose  of 
keeping  the  "laborers,"  who  answer  it  with  a  kind  of  hiss,  alert  and  at 
their  work.  The  well-known  sound  termed  the  "death-watch,"  is  pro- 
duced in  a  similar  manner  by  the  Anohium,  a  small  beetle  that  burrows  in 
old  timber ;  if  the  signal  be  answered,  it  is  continually  repeated ;  whilst  if 
no  answer  be  returned,  the  animal  changes  its  situation  before  again  making 
its  presence  known.  The  noise  exactly  resembles  that  produced  by  tap- 
ping moderately  with  the  nail  upon  the  table ;  and  the  insect  may  often 
be  brought  to  answer  this  imitation,  as  well  as  the  real  sound  of  its  own 
kind. 

A  very  curious  sound,  the  mode  of  whose  production  has  not  been  cer- 
tainly ascertained,  is  given  out  by  the  Sphinx  atropos  (death's-head-moth), 
when  confined  or  taken  into  the  hand ;  this  sound  has  been  likened  to  the 
C17  of  a  mouse,  but  is  more  plaintive  and  even  lamentable.  The  peculiar 
"  hum"  given  oflf  by  Bees  during  their  ordinary  labors  in  the  hive,  is  fre- 
quently so  modified  as  to  be  (to  all  appearance)  a  means  of  communication 
between  them ;  thus  it  assumes  a  sharp  angry  tone,  when  the  hive  has  been 
disturbed,  especially  if  some  of  the  bees  have  been  killed;  it  is  changed  to 
a  low  and  plaintive  sound,  when  the  queen  has  been  taken  away ;  and  this 
is  exchanged  for  a  cheerful  humming,  which  is  speedily  diffused  through 
the  enUre  community,  when  she  is  restored. — Of  the  sounds  that  seem 
especially  to  have  reference  to  sexual  communication,  the  most  remarkable 
are  those  of  the  Grasshopper,  and  of  the  Cicada  tribes.  In  the  former, 
the  sounds  are  produced  by  the  attrition  of  the  anterior  pairs  of  wings 
against  each  other,  one  of  the  nervures  being  furnished  with  a  rough  file- 
like edge,  which  is  made  to  pass  over  the  nervures  of  the  opposite  wing ; 
and  the  sound  is  augmented  by  the  resonance  of  a  certain  part  of  the  wing, 
that  is  surrounded  by  peculiarly  strong  nervures,  between  which  the  thin 
membrane  is  tightly  stretched,  so  that  it  acts  as  a  "tympanum."  The 
sound-producing  organs  of  the  latter,  however,  are  situated  internally,  and 
are  somewhat  complex  in  their  structure.  Their  essential  part  seems  to  be 
a  tense  membrane,  stretched  across  a  cavity  in  the  last  segment  of  the 
thorax  on  either  side,  which  is  drawn  in  or  forced  out  by  the  action  of 
two  opposing  bundles  of  muscular  fibres ;  and  it  is  found  that  the  sound  is 

Sroduced  even  in  a  dead  specimen,  when  these  muscles  are  pulled  and  sud- 
enly  let  go.  Externally  to  this  apparatus  are  other  membranous  plates, 
whose  office  appears  to  be  to  increase  the  sound  by  resonance ;  and  so 
effectually  do  they  act,  that  a  certain  Cicada  of  Brazil  is  said  to  be  audible 
at  the  distance  of  a  mile,  which  is  as  if  a  Man  of  ordinary  stature  possessed 
a  voice  that  could  be  heard  all  over  the  world.  The  sound  is  often  kept 
up  for  some  hours,  resembling  the  "  hum"  of  Bees  in  its  continuity,  rather 
than  the  interrupted  "  chirp"  of  the  Crickets. 
46 
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732.  Among  Vertehrata,  the  production  of  Sounds  appears  to  be  confined 
to  the  air-breathing  classes ;  no  Fishes  being  known  to  possess  the  metiu 
of  generating  them.  In  JReptiles,  it  is  at  the  point  where  the  trachea  opens 
into  the  front  of  the  pharynx,  that  the  vibratory  apparatus  is  situated, 
which  gives  out  sounds  when  air  is  forced  through  it  from  the  lungs.  The 
sounds  produced  by  animals  of  this  class,  however,  are  of  a  very  simple 
and  inexpressive  kind.  Thus,  from  Turtles,  Serpents,  and  ordinary  Li- 
zards, we  hear  nothing  else  than  a  ''  hiss,"  occasioned  by  the  pass^e  of 
the  air  through  the  narrow  fissure  of  the  glottis ;  this  sound  being  often 
much  prolonged,  owing  to  the  great  capacity  of  their  lungs.  In  l^gs,  a 
"  croak"  is  produced  by  the  vibration  of  the  lips  of  the  glottis  itself;  and 
in  the  larger  Crocodiles,  Alligators,  &c.,  this  croak  is  augmented  in  its 
volume,  and  becomes  a  "roar."  In  these  orders  we  find  the  rudiments  of 
the  proper  "larynx"  of  Mammals;  which,  however,  are  chiefly  developed 
in  the  male  sex. 

733.  In  Birds,  the  situation  of  the  vocal  organ  is  very  different.  The 
summit  of  the  trachea  is  furnished  with  a  "  larynx,"  provided  with  carti- 
lages and  muscles,  in  which  many  of  the  parts  of  the  larynx  of  Man  can  be 
recognized ;  but  the  use  of  this  seems  to  have  reference  entirely  to  the 
regulation  of  the  ingress  and  egress  of  air.  The  vocal  sounds  for  which 
Birds,  as  a  class,  are  so  remarkable,  are  formed  by  an  organ  which  is  alto- 
gether peculiar  to  them,  and  which  is  situated  at  the  iotcer  extremity  of 
the  trachea,  just  at  its  b^urcation  into  the  bronchial  tubes.  The  stmetme 
of  this  "inferior  larynx"  varies  greatly  in  different  species,  being  most 
complex  in  those  which  are  able  to  produce  the  greatest  diversity  of  sounds; 
and  in  some  Birds  which  are  entirely  voiceless  (such  as  the  Storks),  the 
organ  is  entirely  wanting.  The  two  or  three  lowest  rings  of  the  trachea 
are  usually  consolidated  into  one  ;  and  in  the  interior  of  this,  a  cross-lxme 
runs  from  front  to  back,  which  has  a  vertical  semilunar  membrane  ^xo- 
longed  upwards  from  its  upper  edge.  This  seems  analogous  in  its  action 
to  the  vibrating  tongues  or  plates  of  "  reed  instruments"  of  music ;  and  it 
is  put  in  motion  by  currents  of  air  passing  on  either  side  of  it.  Each  of 
the  bronchial  tubes  has  its  own  glottis  for  the  regulation  of  the  passage  of 
air ;  and  we  also  find  a  part  of  the  walls  of  both  the  bronchial  tubes  and 
of  the  trachea,  to  be  composed  of  a  thin  membrane,  stretched  tensely  be- 
tween cartilages,  which  serves  as  a  "  tympanum,"  to  increase  the  loudness 
of  tlie  sounds  by  resonance.  Sometimes  we  find  special  dilatations  of  the 
trachea,  which  are  apparently  subservient  to  the  same  purpose.  The  ac- 
tions of  the  vocal  apparatus  are  regulated  in  the  Singing  birds  by  at  least 
five  pairs  of  muscles,  besides  those  which  increase  or  diminish  the  length 
of  the  trachea,  a  change  which  is  of  considerable  importance  in  modifying 
the  pitch  of  the  notes.  In  those  Birds  which  can  imitate  the  articolite 
sounds  of  the  Human  voice,  such  as  the  Parrot,  the  Raven,  and  the  Mock- 
ing-bird, the  tongue  is  employed  in  their  production. 

734.  In  Mammals,  the  same  "larynx"  is  made  to  answer  the  double  par- 
pose  of  regulating  the  ingress  and  egress  of  air,  and  of  producing  vocal 
tones.  There  are  few  if  any,  of  this  class,  which  have  not  the  power  of 
producing  some  vocal  sound ;  and  the  structure  of  their  larynx  genenDj 
corresponds  pretty  closely  with  that  of  Man,  which  will  be  briefly  described 
as  an  example  of  the  most  complete  form  of  vocal  apparatus. — The  Laiyai 
is  built  up,  as  it  were,  upon  the  Cricoid  cartilage  (Fig,  299,  x  w  r  «X 
which  surmounts  the  trachea,  and  which  might  be  considered  as  its  highest 
ring,  modified  in  form,  its  depth  from  above  downwards  being  much  greater 
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poateriorlf  than  ftnteriorly.  This  ia 
embraced,  as  it  were,  hj  the  T^t^roid 
cartilag-e  (o  E  h)  ;  which  is  articulated 
to  the  aides  of  the  cricoid  by  its  lower 
horns,  roand  the  extremities  of  whicli 
it  may  be  considered  to  rotate,  as  on  a 
piTot,  la  this  manner,  the  front  of 
the  thyroid  cartilag^e  may  he  lifted  np, 
or  deprestsed,  by  the  maseles  which  act 
upon  it ;  whilst  the  position  of  its  pos- 
terior part  is  bat  little  changed.  Upon 
the  tifjper  surface  of  tlie  back  of  the 
cricoid  cartilage,  are  seated  the  two 
amall  AryieTwid  cartilages  (n  f)  ;  these 
are  so  tied  to  the  cricoid  by  a  bundle 
of  strong  ligaments  (a  b),  as  to  have  a 
^  iort  of  rotation  upon  an  articulating 
Burfaee,  which  enables  them  to  be  ap- 
proximated or  separated  from  each 
other — their  inner  edges  being  nearly 
parallel  in  the  first -case,  but  slanting 
away  from  each  other  in  the  second. 
To  the  summit  of  these  cartilages  are 
attached  the  Chordm  Vocale$,  or  vocal 
ligaments  (t  v),  composed  of  yellow 
ibrous  or  elastic  tissue.  These  stretch 
across  to  the  front  of  the  Thyroid  car- 


Fig.  299. 


BirdVeje  riew  of  Human  Larynx  from 
above  : — g  k  h,  the  tbjroid  oartilagfl,  emr 
bF&dng  thf?rinfftifrhe  cricoid  ru%  le,  and 
turtilbpf  iipnti  tbe  a  it  id  x  i,  which  p^iri^o? 
thrciagb  the  lower  horna;  x  F,  i*  p,  thcuryte- 
noid  eartHag«iif  conn^eted  bjr  th«iirj£cDoid- 
eui  traoBversu* ;  t  T,  T  ¥■.  Ibo  tijcal  liga- 
tn^nti;  It  %t  tl36  right  encn-fii^tenttideiK 
iMeralU  {iht  left  being  removed)  j  v^  Jt/^ 
tbo  left  thjrro-arjionoidL^ui  (this  right  btiog 
rei!iov«d);  «;,!»/,  the  erieo^ftryternjidel 
postiei :  1  a,  tb«  orico-aryteuoid  lig4- 
tuoiitff. 


tilage ;  and  it  is  upon  their  condition 

"mud  relative  sitnation,  that  the  absence 
or  the  production  of  vocal  tones,  and  all  their  modi fieatioas  of  pitch,  depend. 
Tliey  are  rendered  tense  by  the  depression  of  the  front  of  the  Thyroid  carti- 

[  lage,  and  relaxed  by  it^  elevation;  by  which  action  ihf^  pitch  of  the  tones  is 
regulated.  But  for  the  pradoction  of  any  vocal  tones  whatever,  they  must 
be  brought  into  a  nearly  parallel  condition,  by  the  mutual  approximation 
of  the  points  of  the  arytenoid  cartilages  to  which  they  are  attached ;  whilst 
in  the  intervals  of  vocalization,  these  are  separated,  so  that  the  rima  ght- 
Hdig^  or  fissure  between  the  chordm  vocales,  assumes  the  form  of  a  narrow 
V,  with  its  point  directed  backwards.  Thus,  tliere  are  two  sets  of  move* 
ments  concerned  in  the  act  of  vocalization  ; — the  regulation  of  the  relative 
position  of  the  Yocal  Cords,  which  is  effected  by  the  movements  of  the 
Arytenoid  cartilages  ; — and  the  regulation  of  their  tension,  which  is  deter- 
mined by  the  movements  of  the  Thyroid  cartilage.     The  Arytenoid  carti- 

.bgea  are  made  to  diverge  from  one  another  by  means  of  the  Onco-ari€' 

^ noidei postici  of  the  two  sides  (n  /,  N  I),  which  proceed  from  their  outer 
corners,  and  turn  somewhat  round  the  edge  of  the  Cricoidi  to  be  attached 
to  the  lower  part  of  its  back  ;  their  action  is  to  draw  the  outer  corners  of 
the  Arytenoid  cartilages  outwards  and  downwards,  so  that  the  points  to 
which  the  vocal  ligaments  are  attached  are  separated  from  one  another, 
and  the  rima  glottidis  is  thrown  open*  The  action  of  these  muscles  is 
antagonized  by  that  of  the  Ar^enoidatts  tramversuM^  which  draws  together 
tbe  Arytenoid  cartilages  j  and  by  that  of  the  Crico-Jr^tenoidm  iateraies  of 
the  two  aides  (n  x),  which  run  forwards  and  downwards  from  the  outer 
eorners  of  the  Arytenoid  cartilages,  and  tend  by  their  contraction  to  bring 
together  their  anterior  points,  to  which  the  Yocal  ligaments  are  attached- 


*724 


or  THE  SOUNDS  PRODUCED  BT  ANIMALS. 


The  depression  of  the  front  of  the  Thyroid  cartilage,  and  the  consequent 

tension  of  the  vocal  ligaments,  is  occasioned  by  the  conjoint  action  of  the 
Crico-tliyroidet  of  the  two  sides,  which  occasions  the  Thyroid  and  Cricoid 
cartilages  to  rotate,  the  one  npon  the  other,  at  the  articulation  formed  by 
the  inferior  comua  of  the  former ;  and  this  aotion  will  be  assisted  by  the 
Stemo^yraidei,  which  tend  to  depress  the  front  of  the  Thyroid  cartilage, 
by  palling  from  a  fixed  point  below.  On  the  other  hand,  the  elevation  of 
the  front  of  the  Thyroid  cartilage,  and  the  relaxation  of  the  Tocal  ligt- 
ments,  are  effected  by  the  contraction  of  the  Thyra-ariftenoidei  of  the  two 
sides  (v  ib/),  whose  attachmeutfi  are  the  same  as  those  of  the  Yocal  liga- 
ments themselves  ;  and  this  is  aided  by  the  TTiyro^yoidei,  which  will  tend 
to  draw  up  the  front  of  the  Thyroid  cartilage,  acting  from  a  fixed  point 
above. 

735.  Daring  theordin^^ry  acts  of  inspiration  and  expiration,  the  Chords 
Yocales  appear  to  be  widely  separated  from  each  other,  and  to  be  in  t 
state  of  the  freest  possible  relaxation.  In  order  to  produce  a  Tocal  sound, 
they  must  be  made  to  approach  one  another,  and  their  inner  faces  must  be 
brought  into  parallelism ;  both  of  which  ends  are  accomplished  by  the 
rotation  of  the  Arytenoid  cartilages ;  whilst,  at  the  same  time,  they  must 
be  put  into  a  certain  degree  of  tension,  by  the  depression  of  the  Thyroid 
cartilage.  Both  of  these  movements  take  place  consentaneously,  and  tre 
mutually  adapted  to  each  other ;  the  vocal  ligaments  being  approximated, 
and  the  rima  glottidis  consequently  narrowed,  at  the  same  time  that  their 
tension  is  increased. — It  has  been  fully  proved  by  the  researches  of  Willis, 
Milller,  and  others,  that  the  action  of  the  Yocal  ligaments,  in  the  pro- 
duction of  sound,  bears  no  resemblance  to  that  of  vibrating  strings;  and 
that  it  is  not  comparable  to  that  of  the  mouth-piece  of  the  flute-pipes  of 
the  Organ ;  but  that  it  is,  in  all  essential  particulars,  the  same  with  that  of 

the  "  reeds"  of  the  Hantboy  or 
Fig.W).  Clarionet,  or  the  "tongues"  of 

the  Accordion  or  Concertina 
An  ''  artificial  larynx"  has  bees 
constructed  on  this  principle, 
which  may  be  made  to  produce 
sounds  very  similar  to  the  vocal 
tones  of  Man. '  Its  general  tr- 
rangement  may  be  understood 
from  Fig.  300;  in  which  c  is  the 
pipe  for  the  passage  of  air,  d  t 
ring  at  its  summit  for  the  attach- 
ment of  the  flexible  vibrati^ 
plates,  B  its  long  and  narrow  ofi- 
fice,  A  a  pin  that  serves  as  a  fixed 
point  from  which  the  tension  ntj 
take  place,  whilst  b,  r  are  two 
bits  of  cork  glued  to  the  comen 
Artificial  Larynx.  ^^  the  vibrating  plates,  by  which 

they  may  be  more  convenientlf 
moved  and  strained,  so  as  to  bring  the  edges  of  the  slit  o  H  near  together 
and  into  parallelism,  and  to  regulate  their  tension. — ^The  loudness  of  the 
voice  is  often  increased  bv  some  special  apparatus  of  resonance.  This  is 
particularly  the  case  with  the  "Howling  Monkeys"  of  America,  whoa 
larynx  possesses  several  pouches  opening  from  it,  one  of  which  is  excavated 
in  the  substance  of  the  hyoid  bone  itself.     Although  these  Monkeys  are  of 
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inconsiderable  size,  yet  their  voices  are  louder  than  the  roaring  of  lions ; 
that  of  a  single  individual  is  distinctly  audible  at  a  distance  of  two  miles ; 
and  when  a  number  of  them  are  congregated  together,  the  effect  is  terrific. 
t36.  The  actions  of  the  Larynx  are  among  the  most  interesting  exam- 
ples of  the  use  made  by  Volition  of  the  automatic  portion  of  the  nervous 
apparatus  (§  693).  For  the  Will  cannot  influence  the  state  of  contraction 
of  any  of  the  vocalizing  muscles,  except  in  the  act  of  vocaltzqfion ;  and  it  is 
requisite  for  the  performance  of  this  act,  that  the  tone  to  be  produced 
Bhould  have  been  previously  conceived  (however  momentarily)  in  the  mind, 
80  that  this  conception  takes  the  place  of  the  guiding  sensation,  in  regu- 
lating the  actions  of  the  muscles  which  produce  it  (§  683).  When  Uiis 
cannot  be  formed,  in  consequence  of  congenital  absence  of  the  sense  of 
hearing,  the  power  of  producing  vocal  tones  can  only  be  acquired  by  atten- 
tion to  the  muscular  sensations ;  and  the  result  of  this  is  very  imperfect. — 
The  vocal  sounds  produced  by  the  action  of  the  larynx,  are  of  very  different 
characters ;  and  may  be  distinguished  into  the  cr^,  the  song,  and  the  ordi- 
nary or  acquired  voice.  The  cr^  is  generally  a  sharp  sound,  having  little 
modulation  or  accuracy  of  pitch,  and  being  usually  disagreeable  in  its 
*'  timbre"  or  quality.  It  is  that  by  which  animals  express  their  un pleasing 
emotions,  especially  pain  or  terror ;  and  the  Human  Infant,  like  many  of 
the  lower  animals,  can  utter  no  other  sound.  In  song,  by  the  regulation  of 
the  vocal  chords,  definite  and  sustained  musical  tones  are  produced,  which 
can  be  changed  or  modulated  at  the  will  of  the  individual.  Different  spe- 
cies of  Birds  have  their  respective  songs;  which  are  partly  instinctive,  and 
partly  acquired  by  education.  In  Man,  the  power  of  song  is  entirely 
acquired ;  but  some  individuals  possess  a  much  greater  facility  in  acquiring 
it  than  others;  this  superiority  appearing  to  depend  on  their  more  precise 
conception  of  the  tones  to  be  sounded,  and  on  their  power  of  more  ready 
imitation,  as  well  as  on  differences  in  the  construction  of  the  larynx  itself. 
The  larynx  of  an  accomplished  vocalist,  obedient  to  the  expression  of  the 
emotions,  as  well  as  to  the  dictates  of  Uie  will,  may  be  said  to  be  the  most 
perfect  musical  instrument  ever  constructed. — The  voice  is  a  sound  more 
resembling  the  cry,  in  regard  to  the  absence  of  any  sustamed  musical  tone ; 
but  it  differs  from  the  cry,  both  in  the  qui^ity  of  its  tone,  and  in  the  modu- 
lation of  which  it  is  capable  by  the  will.  The  power  of  producing  articu- 
late sounds,  from  the  combination  of  which  Speech  results,  is  altogether 
independent  of  the  larynx ;  being  due  to  the  action  of  the  muscles  of  the 
mouth,  tongue,  and  palate.  Distinctly  articulate  sounds  may  be  produced 
without  any  vocal  or  laryngeal  tone,  as  when  we  whisper;  and  it  has  been 
experimenUlly  shown  that  the  only  condition  necessary  for  this  mode  of 
speech,  is  the  propulsion  of  a  current  of  air  through  the  mouth,  from  back 
to  front  On  the  other  hand,  we  may  have  the  most  perfect  laryngeal  tone, 
without  any  articulation ;  as  in  the  production  of  musical  sounds,  not  con- 
nected with  words. 
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CONCLUSION. 


It  scarcely  appears  fitting  to  bring  to  a  close  this  general  sarrey  of  the 
Organized  Creation,  without  the  remark  that  if  little  has  been  said  in  the 
conrse  of  it,  «pon  the  Evidences  of  Design  presented  by  the  stmctare  of 
Living  Beings,  it  is  because  it  has  been  thought  that,  when  the  perfect 
adaptation  which  exists  between  all  their  minute  details,  and  the  harmoDj 
of  the  parts  they  have  to  perform  in  the  grand  system  of  the  Universe, 
were  being  explained  and  demonstrated,  it  might  be  safely  left  to  the  mind 
of  the  reader  to  draw  those  inferences,  which  it  is  perhaps  impossible  for 
any  soundly-judging  person  to  avoid  making,  who  is  unwarped  by  the  pride 
of  human  reason,  or  by  that  tendency  to  practical  disregard  of  them,  which, 
in  so  many  instances,  is  mistaken  for  a  valid  ar^ment  on  the  side  of  dis- 
belief. When  we  consider  the  universality  of  this  adaptation,  so  constant 
that  it  cannot  be  the  effect  of  chance — and  the  consummate  harmony  of  the 
whole  result,  so  immeasurably  tra-nscending  the  highest  efforts  of  haman 
genius — ^it  seems  scarcely  possible  to  arrive  at  any  other  rational  con- 
clusion, than  that  the  Universe,  with  all  that  it  contains,  is  the  work  of  one 
Almighty  and  Benevolent  Mind. 

All  our  Science,  then,  is  but  an  investigation  of  the  mode  in  which  the 
Creator  acts;  its  highest  "laws"  are  but  expressions  of  the  mode  in  which 
He  manifests  His  agency  to  us.  And  when  the  Physiologist  is  inclined 
to  dwell  unduly  upon  his  capaxjity  for  penetrating  the  secrets  of  Nature,  it 
may  be  salutary  for  him  to  reflect,  that,  even  should  he  succeed  in  placug 
his  department  of  study  upon  a  level  with  those  Physical  Sciences,  in 
which  the  most  complete  knowledge  of  *'  causation"  (using  that  term  in  the 
sense  of  **  unconditional  sequence")  has  been  acquired,  and  in  which  the 
highest  generalizations  have  been  attained,  he  is  still  as  far  as  ever  from 
being  able  to  comprehend  that  Power,  wliich  is  the  ''  efficient  cause"  alike 
of  the  simplest  and  most  minute,  and  of  the  most  complicated  and  most 
majestic  phenomena  of  the  Universe.  But  when  Man  shall  have  passed 
through  this  embryo  state,  and  shall  have  undergone  that  metamorphosis 
in  which  everything  whose  purpose  was  temporary  shall  be  thrown  aside, 
and  his  permanent  or  immortal  essence  shall  alone  remain,  then,  we  are 
encouraged  to  believe,  his  finite  mind  will  be  brought  into  nearer  con- 
nection with  the  Infinite,  and  his  highest  aspirations  after  Truth,  Beantj, 
and  Goodness  will  be  gratified  by  the  disclosure  of  their  Source,  and  hy 
the  increase  of  his  power  of  approach  towards  it.  The  Philosopher  who 
has  attained  the  highest  summit  of  mortal  wisdom,  is  he  who,  if  he  use  his 
facalties  aright,  has  the  clearest  perception  of  the  limits  of  human  know- 
ledge,  and  the  most  earnest  desires  for  the  lifting  of  that  Teil  which  sepa- 
rates him  from  the  Unseen.  He,  then,  has  the  strongest  motives  for  thtt 
humility  of  spirit  and  purity  of  heart,  without  which,  we  are  assured,  none 
shall  see  Qod. 
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mellibranchiata,  317  note;  on  nerrous 
system  of  Cephalopods,  648. 

Siebold,  Prof.,  on  structure  of  Cestoid  £n- 
toxoa,  177;  on  water-Tascular  i^stem  of 
Echinodermata,  308  note  ;  on  aquiferous 
system  of  Cestoidea,  311  note;  on  repro- 
duction of  Meduse,  548  note;  on  meta- 
morphosis of  Cestoidea,  577,  578;  on 
Diplozoon,  580;  on  development  of  Pla- 
naria,  580 ;  on  auditory  capsules  of  Gas- 
teropoda, 703;  on  eye  of  Cephalopoda, 
712  note. 

Simon,  Mr.,  on  Thymus  glands  890;  on 
fibrin  of  blood,  894  note, 

Simpson,  Prof.,  on  reproduction  of  human 
Umbs,  478. 

Smith,  Dr.  Southwood,  on  cutaneous  ab- 
sorption, 229 ;  on  exhalation,  356. 

Smith,  Rev.  W.,  on  sporangium,  485  note; 
on  germination  of  spore  of  Cozgugatese, 
&c,  489  note. 

Souleyet,  M.,  on  auditory  organs  of  Hetero- 
pod  MoUusks,  703  note. 

Spallansani,  Abb^  his  experiments  on  re- 
sjuration,  844 ;  on  artificial  fecundation, 

Stannius,  Prof.,  on  nervous  system  of  Am- 
phinomida,  657  note. 

Steenstrup,  Prof.,  on  alteration  of  genera- 
tions, 481  note^  568  note. 

Stein,  Prof.,  on  conjugation  of  Gregarinse, 
536 ;  on  metamorphosis  of  Vorticellinse, 
536,  587. 


Stutchbury,  Mr.  S.,  gn  changes  of  fona  of 

shells  with  age,  622. 
Snminski,  Count  Lesscsje,  on  generatiini  of 

Ferns,  506  Mte. 


Taylor,  Mr.,  on  air-bladder  of  Cuchia,  334. 
Teale,  Bir.  T.  P.,  on  stmctiire  of  Actinia, 

191  note,  541  note. 
Todd  ft  Bowman,  Mesnrs.,  on  nervous  tp- 

tem,  692  note;  on  ciliary  muscle,  717. 
Thomson,  Dr.  Allen,    on  development  «f 

vascular  system,   298  note;  on  double 

monsters,   478  note;  on  generatioa  of 

Hydra,  539. 
Thompson,  Mr.  J.  V.,  on  metamorphosiof 

Cirrhipeds,   44;    on  metamorphocds  of 

Pentacrinns,  657;    on  metamorphosis  of 

Crustacea,  694. 
Tharet,  M.,  on  generation  of  Alge,  491, 

492 ;  on  loospores  of  higher  AIg»,  4^ 

note;  on  antherozooids  of  Charaoett. 491 

note  ;  on  generation  of  Equisetaces,  608. 
Thwaites,  Mr.,  on  conjugation  of  Diotona- 

ce»,  487  fiof«  ;  on  tetraspores  of  Floridcs. 

492  fiofe;  on  generation  of  Mosses,  sOS 

note,  503  note. 
Thembley,  M.,  on  reproduction  of  parts  is 

Hydra,  477. 
Tulasne,  M.,  on  generation  of  Lichens,  495; 

on  generation  of  Fungi,  498,  499;  os 

generation  of  Phanerogamia,  blinott. 
Tyadall,  ]>r.,   on  condaotion  of  best  bj 

Plants,  450. 


Unser,  on  nerrons  aystem,  692  note. 


Valentin,  Prof.,  on  double  monstrosity,  47^ 

note. 
Valentin,  Mr.,  on  g^eration  of  Mossea. 

501. 
Van  Beneden,  Prof.,  on  Nieothoe,  127;  oo 

structure  of  Cestoid  Entoxoa,  177;  oi 

aquiferous  system  of  Cestoid  Eotoioo, 

810,  811 ;  on  reproduction  of  Hydroitiii 

547 ;  on  reproduction  of  Bryosna,  56; 

on  metamorphoses  of  Cestoid  Entoiooi 

577,  578. 
Varley,  Mr.  C,  on  droolation  in  Ckiiii 

869. 
Verany,  M.,  on  Hectocotylus,  576. 
Verdeil,  M.,  on  food  of  Plants,  163. 
Ville,  M.  Georges,   on  nitrogen  of  stno- 

sphere,  164. 
Vogt,  Prof.,  on  development  of  Gasteropoda. 

571-678;  on  Hectoootylu^  576  son. 
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Volkmann,  Prof.,  on  moTementa  of  lym- 
phatic hearts,  224. 

Vrolik  and  Vrieiie,  MM.,  on  deTelopment  of 
heat  in  flowering,  451. 

Vrolik,  Prof.,  on  doable  monstrosity,  478 
not€. 


Wagener,  Dr.,  on  Tasonlar  system  of  Ces- 
toidea,  811  note. 

Wagner,  Prof.,  on  deTelopment  of  Sperma- 
tozoa, 528;  on  penetration  of  sperma- 
tozoon, 581 ;  on  male  organs  of  Actinia, 
541. 

Waller,  Dr.  A.,  on  influence  of  section  of 
nenres  on  their  nutrition,  409. 

Wallich,  Dr.,  on  IHschidia,  176. 

Ward,  Mr.  N.  B.,  on  Tariations  of  size  in 
Plants,  161. 

Weber,  Prof.  E.  H.,  on  formaUon  of  blood- 
corpuscles  inliTer,  885;  on  sense  of  tem- 
perature, 697. 


Wheatstone,  Prof.,  on  the  stereoscope,  719. 

White,  Mr.,  on  reproduction  of  human 
thumb,  478  note. 

Will,  Dr.,  on  organs  of  hearing  in  MedusiB, 
702  note:  on  eyes  of  Pecten,  &c.,  708. 

Williams,  Dr.  Thos.,  on  chylaqneous  fluid, 
76  note,  248  note,  246,  897,  899 ;  on  cir- 
culation in  Echinodermata,  243 ;  on  cir- 
culation in  embryo-lulus,  251 ;  on  circu- 
lation in  Insects,  254 ;  on  respiration  of 
Echinodermata,  808  note ;  on  respiration 
of  Annelida,  821  note;  on  respimtion  of 
Insects,  828,  882 ;  on  nutritive  fluids  of 
InTcrtebrata,  897 — 899;  on  structure  of 
Liver,  422. 

Williamson,  Prof.,  on  Melicerta,  582. 

Willis,  Prof.,  on  actions  of  larynx,  724. 

Woodward,  Dr.,  on  Tegetable  exhalation, 
852. 
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Zimmerman,  Dr.,  on  fibrin  of  blood,  894. 
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Aberrations,  correction  of,  in  Eye,  716. 

Absorbent  Glandule,  222. 

Absorbent  System,  peculiar  to  Vertebrata, 
220 ;  general  structure  of,  220—222 ;  in 
Fishes,  222,  228;  in  Reptiles,  228,  224; 
in  Birds,  224;  in  Mammals,  224,  225; 
movement  of  fluid  in,  225,  226 ;  assimi- 
lating action  of,  886 — 889. 

Absorption,  150;  physical  principles  of, 
206—211;  inPIants,  212—218;  by  gene- 
ral surface,  212;  by  roots,  218—216;  by 
leaves,  216,  217;  in  Animals,  218—229; 
fh)m  walls  of  digestive  cavity,  219 ;  by 
bloodvessels,  220,  226,  229 ;  by  lacteals, 
220,  227 ;  by  lymphatics,  221, 227—229; 
by  general  surface,  229. 

Abstinence,  power  of,  in  different  animals, 
173. 

AcALEPHA,  general  characters  of,  64,  65; 
polystome  forms  of,  179,  180;  oral  ap- 
pendages of,  188 ;  digestive  apparatus  of, 
192,  198 ;  respiration  in,  805,  806 ;  nu- 
tritive fluid  of,  897 ;  luminosity  of,  446 ; 
generation  and  development  of,  528 — 
585 ;  composite  forms  of,  535, 536 ;  auto- 
matic movements  of,  638 ;  nervous  sys- 
tem of,  548 ;  auditory  organs  of,  701 ; 
supposed  visual  organs  of,  708  note. 

AcaridaSj  98 ;  digestive  apparatus  of,  197 ; 
tracheal  respiration  of,  332 :  generation 
and  development  of,  597,  59iB. 

Acephalous  MoUusks,  88,  86 ;  see  Brachio- 
PODA  and  Lamellibbanchiata. 

Acids,  Vegetable,  composition  and  forma- 
tion of,  878,  379. 

Aeineta,  production  of,  from  Yorticella, 
537. 

Aehlya  proliferay  zoospores  of,  872. 

Acquired  peculiarities,  hereditary  trans- 
mission of,  649,  652. 

AOBOOBNS,  58. 

Aeteon,  development  of,  571—578. 
AetiniOf  general  structure  of,  78,  74;  oral 

apparatus  of,  182;    digestion  in,  198; 

respiration  of,  806;  nutritiTe  fluid  of. 


897;  hepatic  cells  of,  420;  regeneration 
of  parts  in,  476,  477 ;  generation  and 
development  of^  541, 542 ;  gemmation  of, 
542. 

Aethiform  Zoophytes,  74 ;  mutual  comma* 
nications  of  digestive  cavity  in,  191, 192; 
reproduction  in,  540 — 542. 

Actmophrys,  ingestion  of  food  by,  176 ;  con- 
jugation of,  585. 

Aeration,  295 ;  see  Rispibation. 

Ariferous  branchisd  of  Insects,  881. 

AgariCy  generative  apparatus  of,  499. 

Agastric  Animals,  167. 

Age,  influence  of,  on  nutritive  activity,  409, 
410. 

Air,  alteration  in,  by  Vegetable  respiration, 
296—802 ;  by  Animal  respiration,  848— 
848. 

Air-bladder  of.  Fishes,  888,  884. 

Air-cells  of  lungs,  840. 

Air-sacs  of  Insects,  828, 829;  of  Birds,  887. 

Albumen,  composition  and  formation  of,  in 
Plants,  882 ;  use  of,  iA  Vegetable  nutri- 
tion, 868;  in  Animal  nutrition,  168, 882 ; 
assimilation  of,  885;  proportion  of,  in 
blood,  891,  892 ;  uses  of,  898,  404 ;  meta- 
morphoses of,  406,  407. 

Albumen  of  Seed,  517. 

Albuminous  compounds,  use  of,  as  food, 
168,  169. 

Aleyonian  Zoophytes,  74;  mutual  com- 
munications of  digestive  cavity  in,  179, 
191,  192;  generation  of,  542. 

Alojb,  general  structure  o(^  58—57;  ab- 
sorption in,  212 ;  absence  of  circulation 
in,  281 ;  soospores  of,  8|  2,  489,  492 ; 
generation  and  development  of,  488 — 
498 ;  spontaneous  morements  of,  628. 

Aliment,  sources  of  demand  for,  in  Plants, 
157—159;  inAnimals,  159— 162;  influ- 
ence of,  on  size,  162,  168 ;  on  mode  of 
development,  146—160 ;  different  kinds 
of,  in  Plants,  163 — 165;  inAnimals,  165 
— 172 ;  frequency  of  demand  for,  178, 
174;  ingestion  and  preparation  of.  In 
Plants,  175,  176 ;  InAnimals,  177—191 ; 
digestion  of,  191—205. 
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Allantom,  48G. 

AUantois,  development  and  offices  of,  614. 

Alternation  of  Generations,  480,  481,  608, 
525;  of  MedusoB,  554;  of  Salpse,  566, 
567. 

Amrtruueium^  circulation  in,  261 ;  derelop- 
nient  of,  564,  565. 

Ammonia,  of  atmosphere,  the  source  of 
supply  of  nitrogen  to  Plants,  162,  164  ; 
re!»toration  of,  to  atmosphere,  by  decom- 
position of  Urinary  products,  486. 

Amnion,  formation  of,  611. 

Amsfha,  69;  ingestion  of  food  by,  176. 

Amphihiay  see  Batrachia  and  Perennibran- 
chiata. 

Amphiet/on,  teeth  of,  137. 

Amphiozuiy  ingestion  of  food  by,  182;  cir- 
culation in,  272;  respiration  in,  828, 
824 ;  blood  of,  892;  liver  of,  426 ;  kid- 
ney of,  481 ;  nervous  system  of,  662. 

Amphipada^  respiration  of,  821,  822. 

Amphilherium^  teeth  of,  121. 

Amphiutna,  scapular  arch  of,  40;  respira- 
tion of,  826,  885. 

Analogy  and  Homology,  87,  88. 

Animal  functions,  147 ;  relation  of,  to  Or- 
ganic functions,  148—160. 

Animal  Heat,  see  Beat 

Animal  Kingdosi,  principal  types  of  stroo- 
ture  of,  47,  48;  general  view  of,  66—122; 
geological  succession  of,  188 — 148. 

Animalcules,  see  Infusoria,  Rhieopoda, 
and  RoTiFERA. 

Ankelida,  general  structure  of,  88 — 91; 
repetition  of  parts  in,  50;  oral  apparatus 
of,  183;  digestive  apparatus  of,  195; 
circulation  in,  245—251 ;  respiration  in, 
818—820;  nutritive  fluids  of,  896,  897  ; 
hepatic  cells  of,  420,  422 ;  luminosity  of, 
447  :  fissiparoua  multiplication  of,  542, 
543 ;  generation  and  development  of, 
543 — 546 ;  nervous  system  of,  650 — 656 ; 
organs  of  hearing  of,  708  ;  eyes  of,  709. 

Anobium,  sound  produced  by,  721. 

Anodon^  development  of,  669. 

A  noploihfriumy  embryonic  characters  of,  1 87. 

Antennas  of  Insects  and  Crustacea,  use  of, 
as  instruments  of  Touch,  696 ;  organs  of 
Smell  and  Hearing  probably  contained 
in,  700,  703—705. 

Antheridia,  of  FucacesB,  491 ;  of  Hepaticn 
and  Mosses,  500;  of  Ferns,  606;  of 
£quisetacefe.509;  ofLycopodiaoe8e,610; 
of  Marsileacete,  611. 

Anthers,  64,  514. 

Antherozoids,  of  Spirogyra,  488  note;  of 
Fucacea),  491;  of  Floridess,  496;  of 
Characeae,  493 ;  of  Hepaticee  and  Mosses, 
503;  of  Ferns,  505;  of  Lycopodiacees, 
610;  of  MarsileacesB,  611. 

Annual  layers  of  wood,  876. 

Annual  Plants,  521,  624. 

Antirrhinum,  monstrosity  of,  181. 

Aorta,  formation  of,  286 ;  distribution  of 
branches  of,  294. 


Aphides,  a  sexual  reproduction  of,  95,  587, 
688. 

AplynOj  82 — 84;  giuard  of,  188;  nervous 
system  of,  646. 

Apothecia,  of  Lichens,  495. 

Appendages  to  axis  of  Plants,  spiral  ar- 
rangement of,  58,  60,  63,  64. 

Appendicularia,  respiration  of,  812,  814, 
815  ;  retention  of  larval  form  in,  505. 

Apterous  Insects,  698. 

Apteryx,  diaphragm  of,  838. 

Arachmida,  general  characters  of,  98 ;  di- 
gestive apparatus  of,  197 ;  circulation  in, 
255 — 257 ;  respiration  in,  882  ;  nutriUTc 
fluid  of,  897,  898 ;  liTer  in,  422  :  kidoej 
of,  480;  regeneration  of  parts  in,  477; 
generation  and  development  in,  596— 
698 ;  nervous  system  in,  659,  660 ;  eves 
of,  711. 

Aramdattf  circulation  in,  257 ;  genentioa 
and  development  of,  696—698;  nervou 
system  of,  659,  660. 

Archegonia,  of  Algse,  491 ;  of  Hepatiae 
and  Mosses,  601,  602;  of  Ferns,  oOG, 
607 ;  of  Equisetaoeas,  609  ;  of  Lyeop(h 
diacesB,  610;  of  ManilecesB,  611. 

Archetype,  general  oon^rmi^  to,  41,  42; 
reveraon  to,  in  monstrosities,  181 ;  closer 
conformity  to,  among  earlier  forms  of 
Animals,  188 — 187. 

skeleton  of  Vertebrata^  99, 100. 

Area  gemunatiTa,  609.  ' 

pellucida,  609. 

vasculosa,  282,  609,  610. 

Arenieola^  166;  circulation  in,  249,250; 
respiration  of,  820,  821. 

Argonaut,  shell  of,  674 ;  male  of,  674, 576; 
nervous  system  of;  648. 

Arteries,  240,  241 ;  development  ol  284- 
287. 

Abticulata,  general  characters  of.  67, 87; 
circulation  in,  245;  nutritive  fluid  oC 
896,  897  ;  nervous  system  in,  650,  6o6: 
predominance  of  instinct  in,  678,  679, 
688 ;  oivans  of  touch  of,  606 ;  organs  of 
smell  of;  700;  organs  of  hearing  of,  703 
— 706 ;  compound  eyes  of,  709—712. 

Arum^  production  of  carbonic  add  by,  ii 
flowering,  801 ;  production  of  heat  br, 
461. 

Ascaria,  generation  of,  580, 581 ;  segBOtt- 
ation  of  ovum  of,  682,  688. 

Ascending  Sap,  nature  of;  284,  236,  S74, 
876. 

Ascent  of  Sap,  282,  284:  eanses  oC  216^ 
288,  284. 

Asci,  of  Lichens,  495 ;  of  Fungi,  499. 

Aacidiantt  circulation  in,  261 ;  rgipirttiw 
of,  814,  815;  organ  of  hearing  in,  701 
Compound  gemmation  and  | 


ration  of,  668 — 667 ;  moTemoits  of  lana 
of,  688 ;  see  Tc7higata. 
Astimilationy  general  nature  of;  162,  M 
864 ;  in  Plants,  Amplest  form  oC  167, 
868;  progressive  stepa  of,  in  Yase^ 
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Plants,  876— ^78;— in  Aninuils,  876;  by 
agency  of  liTer,  875,  425 ;  by  absorbent 
system,  886,  889;  by  yasoular  glands, 
889,  890. 

Aatacutf  development  of  respiratory  organs 
in,  822 ;  nerrous  system  of,  658,  659. 

Aateriada^  general  stnictare  of,  75 — 77 ; 
ingestion  of  food  by,  188 ;  digestiye  ap- 
paratus of,  198;  circulation  in,  244; 
respiration  of,  806,  807  ;  regeneration  of 
rays  of,  477 ;  dcTelopment  of,  557 — 561 ; 
nervous  system  of,  641 ;  supposed  eyes 
of,  708. 

Aiteroida,  see  Aleyoman  Zoophytes. 

Atmosphere,  see  Air. 

Auditory  Ganglia,  662 ;  see  Sensory  Gan- 
glia, 

Automatic  action  of  Cerebrum,  685,  686 ; 
controlled  and  directed  by  Will,  687, 
692—694. 

Automatic  MoTements,  687 — 689;  per- 
formed by  gangliated  cord  of  Articulata, 
652,  658 ;  by  Cranio-Spinal  axis  of  Yer- 
tebrata,  671 — 681 ;  see  Consensual  and 
Excito-motor  movements. 

Axis,  of  Mosses,  58 ;  of  Ferns,  60,  61 ;  of 
Phanerogamia,  62,  68. 

Azotized  compounds,  in  food  of  Animals, 
168,  169;  formation  of,  in  Plants,  880 
—882. 

Aiotixed  products  of  retrograde  metamor- 
phoses, 405—407. 

Azygos  Veins,  289. 


Binocular  vision,  718,  719. 

Bipinnaria,  larva  of  Starfish,  560,  561. 

BiBDS,  general  structure  of,  112 — 116; 
wings  of,  84,  110;  gizzard  of,  189,  199, 
200;  digestive  apparatus  of,  199,  200; 
absorbent  system  of,  224;  circulation  of, 
276 ;  respiration  of,  386 — 889 ;  blood  of, 
892,  898 ;  liver  of,  423  ;  kidney  of,  481, 
482 ;  production  of  heat  by,  458 ;  gene- 
ration and  development  of,  601—604, 
608—614;  nervous  system  of,  667,  668; 
psychical  powers  of,  689  ;  touch  of,  695; 
smell  of,  701 ;  hearing  of,  705;  vision  of, 
714;  larynx  of,  722. 

Bitter  principles.  Vegetable,  composition 
and  formation  of,  878. 

Bivalve  Molluaks,  79, 80 ;  see  Bkachiopoda 
and  Lamxlubbanchiata. 

Blastema,  402 ;  production  of  cells  in,  402, 
408;  fibriUation  of,  408,  404. 

Blastodermic  Vesicle,  609. 

Blood,  of  Vertebrata,  elaboration  of,  884 — 
890 ;  composition  and  properties  of,  890 
—892;  coagulation  of;  892,  898;  offices 
of  constituents  of,  898 — 896;  influence 
of  respiration  on,  842,  848. 

representative  of,  in  Invertebrata, 


Balancing  of  Organs,  128,  129. 

Balanuif  development  of,  44,  45. 

Baltamina  impatienay  movements  of,  682. 

BamaeUf  development  of,  44,  45 ;  homo- 
logies of,  45,  46. 

Basidia,  of  Fungi,  498.  • 

Bait  wings  of,  84,  87;  temperature  of, 
459. 

Batrachia,  general  structure  of,  108 — 112; 
digestive  apparatus  of,  198;  lymphatic 
hearts  of,  228 ;  circulation  in,  270—274 ; 
respiration  in,  826,  827,  885 ;  cutaneous 
exhalation  in,  855,  856 ;  repn>duction  of 
lost  parts  in,  480;  generation  in,  600, 
601,  608;  nervous  system  in,  667;  or- 
gan of  hearing  in,  704. 

Beet,  artificial  production  of  queens  by, 
162;  instincts  of;  654,  679,  688;  heat 
evolved  by,  445—447 ;  sounds  proiduced 
by,  728,  729. 

Btroe,  general  structure  of,  74;  gemmation 
of,  ^5;  nervous  system  of,  641. 

Berberry f  movements  of,  680. 

BUe,  composition  of,  426,  427 ;  use  of,  in 
digestion,  204,  206;  ultimate  destina- 
tion of;  427 — 429 ;  metastasiB  of  secre- 
tion of,  441. 

BlliAi7  Duets,  42^-426.  | 
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896 ;  in  Radiata,  897;  in  Articulata,  898 
—400 ;  in  MoUusca,  400. 

Blood-corpuscles,  891 — 894;  embryonic, 
protracted  existence  of,  862,  868. 

Bloodvessels,  240 — 248 ;  see  Arteries,  Ca- 
pillaries, and  Veins. 

Boelrxehut  typographiUy  164. 

BotryUida,  85,  89 ;  circuUtion  in,  261 ; 
development  of,  568,  564. 

Boviata  giganteum,  rapid  growth  of,  878. 

Bbachiopoda,  ingestion  of  food  by,  181 ; 
circulation  in,  264,  265 ;  respiration  in, 
815,  816;  generation  in,  567;  nervous 
system  in,  648. 

Brachyouroua  Decapods,  87 ;  metamor- 
phosis of,  594 ;  see  Crab, 

Bndn,  see  Cerebrum^  CerebeUunij  and  Senaory 
Ganglia, 

BranckdUon^  respiration  of,  821. 

Branchial  arches,  common  to  all  Verte- 
brata, 128;  of  Fishes,  271,  822,  828; 
of  Tadpole,  278 ;  of  embryo,  284—287. 

Branchial  Respiration,  811—828;  see  Ri- 
BPi&ATiON,  Apparatus  of. 

Branehiobdella^  water-Tascular  system  in, 
811. 

Branehiopoda,  respiration  of,  821. 

Breeds,  origination  of  new,  626. 

BryophyUum^  reproduction  from  leaves  of, 
51  note,  519. 

Bbtozoa,  general  characters  of,  80 — 87; 
ingestion  of  food  by,  180;  gizzard  of, 
187;  digestive  apparatus  of,  196; 
movement  of  nutritiye  fluid  in,  242; 
respiration  in,  812;  nutritive  fluid  of, 
898;  hepatic  cells  of,  420;  generation 
and  development  of,  661—568 ;  nervous 
system  of;  642. 
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Bueeinum^  eggi  of,  670;  deTelopment  of, 
678. 

Buds,  suoeesnTe  formation  of  in  Plants, 
618-^28. 

Balbels,  of  Cbara,  496 ;  of  Marchantia  and 
Mosses,  602,  603 ;  of  Phanerogamia,  66, 
619;  see  Gemmation. 

Bulbus  arteriosus,  of  Fishes,  271 ;  of  em- 
bryo of  higher  Vertebrata,  284. 

BuUidmj  olfactive  organs  of,  699. 


CactaceOy  deficiency  of  leaTes  in,  86,  296, 

851. 
Calamitu,  143. 

Cambium-layer  of  Exogenous  stem,  876. 
CatnpantUaritUB,  generation  of,  647,  648, 

664. 
Capillaries,  240,  241;  formation  of,  242, 

248 ;  independent  movement  of  blood  in, 

277 280. 

Capillary  attraction,  207. 

Capsule  of  HepaticsB  and  Mosses,  69,  600, 

601. 
Carapace  of  Cholonia,  108. 
Carbo-hydrogens,  Vegetable,   composition 

and  formation  of,  879. 
Carbon,  source  of,  in  Plants,  168. 
Carbonic  Acid,  production  of,  by  Organized 

beings  generally,  298,  294;  by  Plants, 

298 — 802 ;  decomposition  of,  296—298 ; 

{>roduction  of,  by  Animals,  808 — 806; 
iberation  of,  842—849;  use  of,  as  food 
to  Plants,  168. 

Cardinal  Veins,  291. 

Carinaria,  nervous  system  of,  648. 

Carpels,  64. 

Caijjobolus,  682. 

Cartilage-cells,  multiplication  of,  400,  401. 

CartUaginout  Fitket,  respiration  of,  828; 
generation  in,  699,  600. 

CeU$,  formation  of,  in  PlanU,  867,  868 ; 
rotation  of  fluids  within,  870 — 872;  nuclei 
of,  371 ;  multiplication  of,  by  duplicative 
subdivision,  872,  873;  by  outgrowth, 
874;  by  loospores,  876;  by  free  cell- 
formation,  876 ;  rapidity  of  production 
of,  876;  transformation  of,  into  other 
tissues,  877;— in  AfUmaUj  independent 
life  of,  899;  multiplication  of,  by  dupli- 
cative subdivision,  400,  401 ;  by  endo- 
genous production  of,  402 ;  by  free  cell- 
formation,  402,  403. 

Cellular  Plants,  simplest  forms  of,  61—68 ; 
nutrition  of,  867 — 376 ;  reproduction  of, 
483—487. 

Centiptde^  reflex  actions  of,  662,  668 ;  lee 
Scolnptndridm. 

Cephalatpidt,  invertebrate  characters  of, 
140. 

Cephalic  ganglia,  of  MoUusca,  641 ;  of  Ar- 
ticulata,  660,  661,  666. 

Cephalopoda,  general  characters  of,  80, 


81 ;  repetition  of  pAiis  io,  49 ;  oral  and 
prehensile  apparmiua  of,  184 ;  ginard  of; 
188;  circulation  in,  268 — ^270;  respirs- 
tion  in,  818,  819 ;  nutritiTe  fluid  of,  398; 
liver  of,  422 ;  kidney  of,  480;  generatiM 
and  development  in,  678 — 678;  nerroas 
system  in,  647 — 649 ;  organ  of  smell  is, 
700 ;  organa  of  hearing  in,  708 ;  eyes  ot, 
718. 

Cerebellum,  peculiar  to  Vertebrata,  661— 
668;  of  Fishes,  668;  of  Reptiles,  667; 
of  Birds,  667,  668;  of  Mammals,  670; 
—functions  of,  681,  682. 

Cerebrum,  characterietio  of  Vertebrata,  661; 
rudiment  of,  in  Bees,  679,  note ;  its  rda- 
tion  to  Intelligence,  662 ;— of  FiAhe^ 66S 
—666;  of  ReptUes,  667  ;  of  Birds,  667, 
668;  of  Mammals,  678,  679 ;— develo|h 
ment  of,  666—670 ;  fonetions  of,  689— 
688. 

Cestouka,  absence  of  stomach  in,  177 ;  ab- 
sence of  circulation  in,  241 ;  irater-tif- 
cular  system  in,  809,  810;  generatioB 
and  metamorphoses  o^  676, 677. 

Cetaeea,  digestive  apparatus  id,  200,  201; 
circulation  of,  276,  277;  retention  of  best 
by,  468,  469 ;  defioiencT  of  smell  in, 
701. 

ChalazsB,  of  Bird's  eggs,  608. 

Ckameleon,  lungs  of,  886. 

Ckaraeect,  rotation  of  fluid  in,  869 ;  nnlti- 
plication  of  cells  in,  878  ;  geaeratioo  oC 
498,  494 ;  propagation  of,  by  genuBS, 
494,  496. 

Chelonia,  peculiarities  of  conformatioa  oC 
97—102  ;  lungs  of;  886. 

Chitonidss,  79,  80. 

Chlamydomonat,  dnplicatiTe  subdivision  oC 
122. 

Cholesterine,  427. 

Chorda  dorsalis,  610. 

Chordse  vocales,  728. 

Chorion  of  Mammalian  omm,  607;  absorb- 
ent tufts  of,  614,  616. 

Choroid  gland  of  Fish's  eye,  713. 

Chromatic  aberration,  716. 

Chylaqueous  fluid  of  Invertebrata,  76.  S96 
—400. 

Chyle,  219;  absorption  of,  227:  emvm- 
tion  of,  886—888. 

Chyme,  204,  210. 

Cicada,  sound  piodooed  bj,  721. 

Cicatricula  of  Bird's  egg,  688,  obs. 

Ciliary  movement,  629 ;  use  of;  for  iifi^ 
tion  of  food,  181,  182 ;  for  xespirstioa 
805,  806,  812—820,  827. 

Ciliograda,  digestive  apparatas  oi;  IH 
196 ;  gemmation  of,  655. 

Circulation  of  NutritiTe  floid,  151,  ISS; 
general  purposes  o^  280. 

in  P^onlt,  deficiency  of;  I 


lower  Cryptoganua,  231;  chinmif^ 
281—288;  in  higher  CryptogaMa.  Sll 
282;  ascending  current  in  PhaneN^aii 
and  forces  sustainfaig  it,  282,  288;  it- 
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persion  of  eUborated  sap,  and  forces  sus- 
taining it,  284 — 238;  deTelopment  of 
apparatus  of,  288. 

Circulation  in  Animals,  special  purposes 
of,  289,  240 ;  channels  of,  240—243 ;  de- 
ficiency of,  in  Entoioa,  Zoophytes,  and 
Acalephse,  248,  244 ;  imperfect  forms  of, 
in  Rotifera,  Bryoioa,  &c.,  244 ;  persistent 
connection  of,  with  general  cayity  of  In- 
▼ertebrata,  244,  2&;  apparatus  of,  in 
Echinodermata,  245,  246 ;  in  Articulata, 
247;  Annelida,  247—258;  Myriapoda, 
253—255;  Insects,  255—257;  Arach- 
nida,  257—260;  Crustacea,  260—268; 
in  MoUtuca,  268 ;  Bryozoa,  264  v  Tuni- 
cata,  264—267 ;  Brachiopoda,  267,  268 ; 
Lamellibranchiata,  268,  269;  Gastero- 
poda, 269—271;  Cephalopoda,  271— 
273;  in  Vertebraia,  278,  274;  Fishes, 
274—276;  Batrachia,  276—279;  Rep- 
tiles, 276—280;  Birds  and  Mammals, 
281,  282;  derelopment  of,  287,  288; 
forces  sustaining  moTcment  of  blood  in, 
282—286. 

Cirrhigrada,  179  note;  reproduction  of, 
550. 

Cirrh^HdOj  44 ;  homolopes  of,  45,  46 ;  in- 
gestion of  food  by,  182 ;  generation  of, 
594 — 596;  deTelopment  and  metamor- 
phoses of,  44 — 46,  127 ;  i^errous  system 
of,  659;  eyes  of,  711. 

CUo,  prehensile  apparatus  of,  184 ;  gene- 
ratiTe  organs  of,  570. 

Cloaca  of  Oviparous  Vertebrata,  601,  602 ; 
of  Monotremata,  605. 

Coagulation  of  Chyle,  886,  887 ;  of  Lymph, 
887 ;  of  Blood,  892,  898. 

CobiHs,  respiration  of,  884. 

Coecochloris,  duplicative  subdiTinon  of, 
488. 

Cochlea,  704,  706. 

Coexistence  of  Elements,  law  of,  129,  180. 

Cold-blooded  animals,  respiration  of,  846, 
847. 

Colocasia,  heat  eTolved  by,  during  flower- 
ing, 451. 

Colorless  Corpuscles  of  Blood,  895. 

Comatula,  general  structure  of,  77,  78 ;  de- 
velopment of,  557. 

Commissural  trunks,  of  Radiata,  648 ;  of 
Octopus,  649;  of  Insects,  659. 

Commissures,  deficiency  of,  in  lower  forms 
of  Brain,  669. 

Compensations,  principle  of,  128,  129. 

Complemental  males  of  Cirrhipeds,  596. 

CovoHiyiRA,  79 — 85;  see  Lambllibran- 
OHiATA  and  Brachiopoda. 

Cm^enm,  influence  of,  on  water,  297 ;  mul- 
tiplication of  by  soospores,  489 ;  dupli- 
cative subdivision  of  cells  of,  872. 

CMf«^  generation  of,  512,  518. 

CotiJ¥gaim,  487,  488;  spores  of,  486  noU, 

Coi\i«igatioQ  of  Protophyta,  484—488;  of 
Pirototoa,  685,  686. 

CoDBensQal  Movements,  d87»  691 ;  of  Mol- 1 


lueca,  645, 647 ;  of  Articulate,  651—654 ; 
of  Vertebrata,  675,  676. 

Contracting,  629;   of  Vegeteble  tissues, 
682 ;  of  Animal  tissues,  683-6135. 

Convergence  of  axes  of  eyes,  717,  718. 

Co-ordination  of  muscular  movemente,  by 
Cerebellum,  681,  682. 

Cordylophora,  hepatic  cells  of,  420 ;  gene- 
ration and  development  of,  544,  545. 

CoreffonuSf  development  of,  610—618. 

Corpora  Malpighiana,  of  Kidney,  431 — 433. 

Quadrigemina,  665 — 669. 

Striata,  663,  666. 

Wolffiana,  434. 


Corpus  Callosum,  668. 
Luteum,  607. 


Corpuscles  of  Blood,  891—895,  400;  of 
nutritive  fluid  of  In  vertebrata,  897 — 400 ; 
of  Chyle,  387 ;  of  Lymph,  388. 

CorymdaRf  generation  of,  546,  547. 

Cotyledons  of  Mammals,  615. 

of  Phanerogamia,  development 


of,  516,  517;  uses  of,  517,  518. 

Crab,  96 ;  metamorphoses  of,  97 ;  heart  and 
bloodvessels  of,  258,  259 ;  respiration  of, 
821 ;  nervous  system  of,  659. 

CraniO'Spinal  Axis  of  Vertebrata,  661, 662 ; 
functions  of,  671—682. 

Creatine  and  Creatinine,  436, 437 ;  produc- 
tion of,  488. 

Ormoidea,  geological  succession  of,  188; 
development  of,  557. 

Crocodile,  cfrcutation  in,  275;  peritoneal 
canals  of,  886  note. 

Crop,  of  Birds,  199. 

Crustacea,  general  characters  of,  96,  97 ; 
geological  succesdon  of,  188,  184 ;  oral 
apparatus  of,  181,  188;  prehensile  ap< 
pondages  of,  184;  reducing  apparatus  of, 
189;  mgestive  organs  of,  196;  circula- 
tion in,  257 — 260;  respiration  in,  821, 
822;  desiccation  of  gills  in,  854;  nutri- 
tive fluid  of;  397,  398;  liver  of,  421; 
kidney  of,  480;  luminosity '  of,  447;  re- 
generation of  parts  in,  477 ;  generation 
and  development  of,  126, 127,  598—598; 
nervous  system  of,  658,  659;  olfactive 
organ  of,  700 ;  organ  of  hearing  in,  708, 
704;  eyes  of,  710,  711. 

Crtftogaiiia,  general  characters  of,  47, 
51. 

Ctenoid  Rshes,  geological  sequence  of; 
141. 

Cuehia,  circulation  in,  271 ;  respiration  in, 
888,  884. 

Cutaneous  exhalation,  &c. ;  see  8km, 

Cuticle  of  Plants,  849,  850. 

CyanwOf  gastro-vascular  canals  of,  192, 
198. 

Cyanosis,  290,  291 ;  imperfect  calorifica- 
tion in,  460. 

Cyeadas,  generation  of,  512,  618. 

Cy^id  Fishes,  geological  sequenoe  of, 
141. 

Cydop§^9B. 


140 


INDXX  OV  8UBJXCTB. 


Gyclosis  in  latidferoas  Tessels,  285,  286. 

Cyclottome  FiMhea,  saciorial  mouths  of, 
181 ;  digestWe  apparatna  of,  198 ;  re- 
spiration of,  824 ;  generation  in,  601 ; 
organ  of  hearing  in,  704. 

Cydippe^  digestive  apparatus  of,  195. 

Ctftic  jEntozoa,  metamorphoses  of,  577, 
'578. 

Cyttieercut,  relation  of,  to  Tsdnia,  577, 
578. 

CyitifUa,  geological  sequence  of,  188. 

CytssUy  gemmation  of,  558. 


Daphnidj  internal  gemmation  of,  598 ;  de- 
▼elopment  of,  594. 

Datya,  55. 

Death's-head  Moth,  sound  of,  728. 

Death-watch,  sound  of,  728. 

Decapod  Crustacea,  geological  succession 
of,  188,  134;  respiration  of,  821;  de- 
Telopment  of,  595,  596. 

Demand  for  food,  sources  of,  158 — 161 ; 
for  oxygen,  298—295,  803—805. 

Deoxidizing  process  in  Plants,  878 — 882. 

Descending  Sap,  284,  285. 

Desiccation  of  gills  of  aquatic  animals, 
354,  355;  proyisions  to  preyent,  821, 
825. 

Desires,  nature  of,  688,  684. 

DeemideaB,  coigugation  of,  484,  485. 

Deutencephalon,  665. 

Dbyxlopmknt,  general  conditions  of,  478 
— 476 ;  diversities  in  grade  of,  48—51 ; 
law  of,  from  general  to  special,  122, 
123;  its  application  to  classification, 
124,  125;  sequence  of,  in  Geological 
time,  181,  182. 

of  Organs  in  Plante; — ab- 
sorbent system,  217,  218 ;  vascular  sys- 
tem, 219;  respiratory  organs,  802,  803; 
pollen,  514,  515 ;  ovules,  515. 

of   Organs    in  AnimaU; — 


alimentary  canal,  202  ;  capillary  blood- 
vessels, 240,  241 ;  circulating  system, 
182 — 190;  respiratory  organs,  in  Crus- 
tacea, 322  ;  in  air-breathing  Vertebrata, 
841, 342 ;  Uver,  425, 426 ;  kidneys,  433— 
485;  vertebral  column,  609,  610;  nerv- 
ous centres,  665 — 670 ;  ear,  707 ;  eye, 
715. 

of  PlanU,  483—525;  Proto- 


phyta,  488—489;  Alg«,  491,  492; 
Lichens,  497  ;  Fungi,  499 ;  Hepaticie, 
501;  Mosses,  501,  502;  Ferns,  507; 
Lycopodiace»,  510;  Marsileaceso,  511; 
Gymnospermese,  513 ;  Phanerogamia, 
517—519. 

>  of  AnimaU^  earliest  stages 


of,  582— ^4:  InlXisoria,  585^-587 ;  Po- 
rifera,  588 ;  Hydra,  589 :  Actinia,  542 ; 
Compound  Ilydroida,  543;  Acalephse, 
548—555;  Echinodemata,    556—562; 


Bryozoa,  563;  Tmucata,  565— &68; 
Lamellibranchiata,  669,  670;  Gastero- 
poda, 571 — 578 ;  Cephalopoda,  577, 578; 
Cestoidea,  580,  681 ;  Tremaioda,  582, 
588;  Nematoidea,  632,  683;  Botifen, 
585;  Annelida,  687 — 689;  Myriapods, 
589,  590;  Insects,  692—696;  Cmstacca, 
597—599;  Cirrhipeda,  44 — 46:  Anch- 
nida,  602,  603;  Vertebrata,  618—617; 
Fishes,  617,  618;  Reptiles,  619;  Birds, 
619;  Mammals,  619,628. 

Dextrine,  use  of,  in  Vegetable  nutridoa, 
868. 

Diastase,  uses  of,  884. 

Dtatomaeeae,  oonjagation  of,  485—487; 
movements  of,  628,  629. 

DUnranchiate  Cephalopoda,  140. 

Diehodon,  teeth,  &c.  of,  187. 

Dieobune,  teeth,  &c.  of,  187. 

DicotyledoM,  distinctive  characters  ot  64, 
65;  growth  of  steins  of,  876,  877;  ger- 
mination of,  518. 

IHfferentiation  of  organs,  progressive,  49— 
51 ;  in  Plants,  61 ;  in  Animals,  67. 

Diffusion,  mutual,  of  gases,  296,  296. 
of  liquids,  208,  209. 


DiossTiOK,  peculiar  to  AnimiJa,  151 ;  gene- 
ral nature  of,  166,  166;  gastric,  20S, 
204;  intestinal,  204,  206. 

DigetivH  Apparatus^  absence  of,  in  Proto- 
xoa,  177,  178;  of  Zoophytes,  191—194; 
of  AoalephsB,  194,  196;  of  Bchinodo^ 
mata,  195,  197 ;  of  Entoioa,  196, 197; 
of  Bryosoa,198;  of  higher  M^oscatiid 
Articulata,  198,  199;  of  Fishes,  199, 
200;  of  Reptiles,  200;  of  Birds,  201, 
202;  of  Mammals,  202,  208  ;  progre«t« 
specialization  of,  208,  204 ;  developnsot 
of,  204. 

Dinoeauria,  110,  112. 

Dioecious  Plants,  66. 

Diofusa  mxueqmloj  natrition  of,  176 ;  more 
ments  of,  176, 680. 

D^hyda,  189  note;  reproduction  of,  566. 

D^lozoon  paradozum^  579,  680. 

DiporpcLf  conjugation  of,  680. 

D^acut,  175. 

DischidiOy  pitchers  of,  176. 

Distances,  accommodation  of  cts  to.  716, 
717. 

Diitoma,  water-vascular  system  in,  SIO; 
generation  and  dcTelopment  of;  ^» 
578. 

Diverging  appendages  of  Tertebro,  89,  99l 

Diving  Animals,  circulation  ot,  277. 

Domestication,  influence  oC,  624--627. 

Dorsal  vessel  of  Articnlata,  246 ;  of  Amt 
Uda,  247—251;  of  Myriapoda,  261- 
258;  of  Insects,  264,  266;  otAn/^kmik, 
256—258. 

DoriibranchiaU  AnncUda^  grmiTOttiwi  tC 
588;  generation  of,  688;  devdopaflt 
of,  584—587. 

Doris,  circulation  in,  267 :  xtniiatioi  < 
818;  eggs  of,  670. 
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I>oable  Monsters,  478. 
Draco  volatu,  wings  of^  86. 
Dactns  Arteriosus,  287. 

CuTieri,  289. 

Pneumaticns  of  Fishes,  888,  884. 

Venosos,  289. 

Dugong,  heart  of,  276,  286. 

Baplicative  sab^fision  of  Cells,  in  Plants, 

871,  872;  in  Animals,  400,  401. 
Duration,  liinits  of,  in  liyins  bodies,  859 — 

862 ;  its  inTerse  relation  to  fital  actifity, 

862,  868. 
Dwarfing  of  Plants  and  Animals,  161,  162. 
JDytUcui^  reflex  actions  of,  658. 


£ 


Ear,  see  ITearmg, 

£arthwormy  circolation  in,  250;  water- 
Tascular  system  in,  311 ;  respiration  in, 
828 ;  hepatic  cells  of,  420 ;  heat  evoWed 
by,  458;  generation  of,  684;  dcTelop- 
ment  of,  584. 

Eehmaatiry  dcTelopment  of,  667—669. 

EcHiNODBBMATA,  general  stmctnre  of,  76 
— 79;  geologic^  snocession  of,  188; 
oral  apparatus  of,  188 ;  reducing  appa- 
ratus of,  187 ;  digestive  organs  of,  196, 
197  ;  absorption  from  general  cayity  of, 
219 ;  circulation  in,  248 — 246 ;  respira- 
tion in,  806 — 308;  nutritiTO  fluids  of, 
897 ;  hepatic  cells  of,  421 ;  luminosity 
of,  445;  regeneration  of  lost  parts  in, 
477;  generation  and  development  of, 
655 — 562 ;  nenrous  system  of,  557, 668 ; 
supposed  eyes  of,  708. 

Echinus,  general  structure  of,  78,  79 ;  jaws 
and  teeth  of,  187 ;  circulation  in,  244 ; 
respiration  in,  807 ;  development  of,  661 
— 563;  nervous  system  of,  641;  sup- 
posed eyes  of,  708. 

Elaborated  sap,  876,  876. 

£laUndm,  luminosity  of,  476. 

Electrical  Organs,  structure  of,  in  Torpedo, 
468 ;  in  Qymnotus,  468,  469 ;  in  Silurus, 
469 ;  nervous  supply  of,  469 ;  action  of, 
470;  uses  of,  471. 

EUctrkUy,  evolution  of,  442,  448, 461, 462; 
in  Plants,  462,  468 ;  in  Animals,  468— 
471;  dependent  on  molecular  changes, 
468;  in  muscles,  464 — 465;  in  nerves, 
465,  466 ;  in  Frog,  465 ;  in  Fishes,  466 
— 471 ;  uses  of,  471. 

Elephant^  teeth  of,  121. 

Embryo,  development  of,    see  Diyblop- 

MINT. 

Embryonal  vesicle,  of  vegetable  ovule, 
616. 

Embryonic  forms,  mutual  resemblances  of, 
128 — 126;  resemblances  to,  among  ex- 
tinct animals,  188—187. 

Embryo-sac,  of  vegetable  ovule,  614 — 616. 

JBmotitnud  Movements,  688,  688,  684. 


Emotional  Sensibility,  683,  684. 

Emotions,  analysis  of,  688,  684;  direct 
influence  of.  In  producing  movements, 
688,  684 ;  influence  of,  on  the  conduct, 
686,  687. 

Emj/taurOf  109. 

Enalioiauria,  109 ;  repetition  of  parts  in, 
61. 

Endogenous  type  of  stem,  68 ;  growth  of, 
876,  877 ;  course  of  sap  in,  288. 

Endogenous  multiplication  of  cells,  In 
Plants,  871—876;  in  Animals,  400— 
402. 

Endosmose,  208. 

Endosperm,  of  Conifer»,  512 ;  of  ordinary 
Phanerogamia,  616. 

Entomoatracout  Crustacea,  98;  early  ap- 
pearance of  gigantic  forms  of,  188 ;  gem- 
mation of,  698  ;  generation  of,  698 ;  de- 
velopment of,  593 ;  eyes  of,  710,  711. 

Entozoa,  see  Ceatoidea^  Nematoidea,  and 
l^ematoda. 

EoliSf  digestive  apparatus  of,  196 ;  circula- 
tion in,  268;  respiration  of,  818;  liver 
of,  421. 

Epencephalon,  610,  666. 

Epidermic  appendages,  exuviation  of,  860. 

Epidermis,  of  Plants,  structure  of,  849, 
850. 

E^riioaf  126. 

Equiietaeem,  62 ;  generation  of,  609. 

Erect  Vision,  719. 

Erythrtea  centaurium^  variations  in  size  of, 
161. 

Etiolation  of  Plants,  298,  864. 

Eunice,  circulation  in,  249 ;  respiration  of, 
821. 

Euphorbia,  sap  of,  875. 

Evaporation,  from  surface  of  Plants,  861 ; 
fh>m  surfaces  of  Animals,  858 — 857. 

ExeHo-motor  Movements,  678, 690 ;  of  Mol- 
lusca,  642,  648,  645,  647  ;  of  Articulata, 
661—664;  of  Vertebrata,  672—675. 

Excrementitious  Secretions,  419. 

ExcRBTTON,  general  nature  and  purposes 
of,  162,  410,  411;  deficiency  of,  in 
Planta,  412,  418;  purposes  of,  in  Ani- 
malSf  418—420;  see  Sioritiok,  Liver, 
Kidney,  Skin, 

Exhalation,  152,  848 ; — in  Plants,  provi- 
sions for,  848 — 851 ;  amount  of  fluid  lost 
by,  851 — 858 ;  composition  of,  858 ;  influ- 
ence of  light  on,  858,  854;  effect  of,  on 
absorption,  854,  855; — in  Animaii,  855; 
cutaneous,  provision  for,  855,  856 ;  pur- 
poses of,  856 — 858 ;  amount  of,  857 — 
860;  puknonary,  859. 

Exogenous  type  of  stem,  63 ;  growth  of, 
876,  877 ;  course  of  sap  in,  282,  233. 

Exosmose,  208;  by  roots,  216,  412. 

Exuviation  of  Epidermic  appendages,  &c., 
860. 
of  Leaves,  294,  860,  876. 

Eye,  see  Vikon, 


7« 


INDSX  OV  SUBJECTS. 


Farinaoeoufl  oompoonds,  use  of,  as  food, 
169,  170. 

Fatt J  matters  of  Blood,  820,  404 ;  phos- 
pborixed,  894. 

Fecal  matter,  nature  of,  205,  489. 

Fecundation,  in  Plants,  482 ;  of  OTnle  in 
Phanerogamia,  514—516;  of  OTum  in 
AnimalB,  580,  581. 

FjniNS,  general  stniotare  of,  59 — 61 ;  ab- 
sorption in,  218 ;  ascent  of  sap  in,  282  ; 
generation  and  development  of,  508 — 
509. 

Fertilization,  see  Fecundation. 

Fibres,  Animal,  formation  of,  408 — 405. 

Fibrin  of  blood,  891,  392;  of  chjle,  886, 
887;  of  Ijmph,  887;  coagulation  of, 
892,  898 ;  uses  of,  898,  894,  897 ;  me- 
tamorpboses  of,  406. 

Fibro-Cartilage,  404. 

Fibro-vascular  tissue  of  Plants,  876,  877. 

Fieut  elMticOy  cyclosis  in,  286. 

Ftre-fliea,  447. 

Filiferous  capsules  of  Actinia,  541  note, 

FiSHRS,  general  cbaracters  of,  104 — 106 ; 
geological  succession  of,  185,  140,  141 ; 
digestive  apparatus  of,  197, 198 ;  absorb- 
ent system  of,  228,  224 ;  circulation  in, 
271—278;  respiration  in,  822,826;  air- 
bladder  of,  888,  884;  exhalation  from 
gills  of,  855 ;  blood  of,  892,  398 ;  liver 
of,  422,  423;  urinary  organs  of,  480, 
481 ;  temperature  of,  458,  454  ;  develop- 
ment of  electricity  by,  466—471 ;  gene- 
ration of,  599,  600 ;  development  of,  608 
—613;  nervous  system  of,  668—669; 
olfactive  organs  of,  700,  701 ;  organ  of 
hearing  of,  705;  eye  of,  718,  714;  pec- 
toral fins  of,  84,  88,  96. 

Fissiparous  multiplication,  538;  see  Oem- 
mation. 

Flight,  organs  of,  comparison  between,  84 
—37. 

Fhridese,  tetraspores  of,  492 ;  antherozoids 
of,  495. 

Flowering,  production  of  carbonic  acid  in, 
801 ;  heat  evolved  in,  451. 

Flowers  of  Phanerogamia,  structure  of,  64, 
65. 

FLy-calcher^  incubation  of,  458. 

Flying- Fish,  pectoral  fins  of,  84 — 86. 

Foetus,  circulation  of,  287—290 ;  see  De- 
velopment. 

Follicles  of  Glands,  414—418. 

Food,  see  Alimeni. 

Foramen  ovale,  of  heart,  285 ;  persistence 
of,  290. 

Foraminifera^  69,  70. 

Force,  Vital,  its  relations  to  Chemical  and 
Physical  Forces,  368. 

Formation  of  Tissues,  general  nature  of, 
308—365;  conditions  of,  865^-367  ;  see 
Cells  and  Fi&ret. 

Frojy  lungs  of,  385 ;  cutaneous  respiration 


of,  842 ;  variations  of  re^iimtion  in,  tc. 
cording  to  external  temperatoTe,  818; 
transudation  flroin*  868,  869;  dectrie 
current  of,  466 ;  nenrons  tjvUm  of,  661. 

Fruits,  electric  polarity  of^  46S. 

Fueaeem,  generative  organs  of,  491;  zoo- 
spores of,  492. 

Functions,  analyns  of,  142 — 144 ;  dassifi- 
cation  of,  144,- 146 ;  antagonism  between 
nutritive  and  generativey  146,  146;  aa- 
tagonism  between  cmistraetive  and  de- 
structive, 146—147 ;  mutnal  relations  of 
organic  and  animal,  147 — 149;  organie, 
149— 152;  animal,  162,  168;  prognaAn 
specialization  of,  168 — 166 ;  retentim  of 
primitive  community  of,  166,  156. 

Fungi,  general  straetore  of,  66,  57 ;  food 
of,  164,  165 ;  absorption  in,  218;  respi- 
ration in,  800 ;  phosphorescence  of,i4$; 
generation  and  develoinnent  ofL  497— 
500. 


Oases,  mutoal  diffusion  of,  296,  296. 

Gasteropoda,  general  stmctore  of,  80— 
87;  geological  saceession  of,  140;  onl 
apparatus  of,  184;  digestive  organs  o(; 
188, 198;  eiroulation  in,  266—268;  respi- 
ration in,  817,  818;  liver  in,  421,  422; 
urinary  organs  in,  480 ;  generation  tad 
development  of,  669 — 678 ;  nervous  sys- 
tem of,  646,  647 ;  organ  of  smell  in,  699: 
organ  of  hearing  in,  708 ;  eyes  of;  712, 
718. 

Gastric  follicles,  416,  416. 

Gastric  juice,  208. 

Gelatigenons  tissues,  genesis  of,  405. 

Gelatin,  production  of,  in  Animal  body, 
405,  406 ;  retrograde  metamorphosis  oA 
407. 

Gelatinous  compounds,  use  of  as  food,  169. 

Gemmation^  multiplication  by,  478,  479. 

in  Pteato,  61 ;  Protopbyta,  52. 


488,  484;  Algae,  66,  489,  492,  4dS: 
Characese,  494,  496 ;  Lichens,  56^  497; 
Fungi,  499;  Hepatioss,  69,  602;  .Mosses, 
59,  503;  Ferns,  608;  Phanerogamia, 
518—528. 

.  in  Animals,  526,  626 ;  ProtoMS, 


69,  70, 584—587 ;  Porifera,  688;  Hydia. 
540;  Compound  Hydroida,  648,  614: 
Actinia,  542;  larval,  of  Meduss,  616- 
555;  Composite  AcalephsD,  555,  656; 
larval,  of  Echinodermata,  659—561; 
Bryoxoa,  568,  564 ;  internal,  of  Salpida, 
565;  Ascidians,  666;  Cestoidea,  576; 
larval,  of  Trematoda,  678;  internal,  «f 
Rotifera,  581 ;  AnneUda,  681,  582;  ia- 
temal,  of  Insects,  678,  674 ;  internal,  «f 
Entomostraca,  593. 

Gemmules  of  Sponges,   588;   of  Hydrsid 
Zoophytes,  548. 

General  to  Special,  progress  ttom,  ia  < 
fication,  41 ;  in  orgamaation,  49. 


INDEX  OT  8UBJSCT8. 


t48 


GiKBBATiON,  146,  158,  471,  472 ;  general 
phenomena  of,  472---474 ;  essential  na- 
ture of,  479,  480;  antagonism  of,  to  nn- 
trition,  146,  147. 

in  PlanU,  481—488 ;  Proto- 

phyta,  484—489;  Algn,  489—492;  Cha- 
mceeo,  498 — 495;  Lichens,  495—497; 
Fungi,  497 — 500;  Hepaticssand  Mosses, 
500—502;  Fms,  508—507;  Equise- 
tacese,  509;  LyoopodiacesB,  510;  Mar- 
iileacesD,  511, 512;  Gymnospermess,  512, 
518 ;  ordinary  Phanerogamia,  518—517 ; 
general  roTiew  of,  524—526. 

in    AnimaU,    525—586  (see 

OTuro  and  Spermatoioa) ;  Rhixopoda, 
535,  586 ;  Infusoria,  586,  587 ;  Porifera, 
538,  539;  Polypifera,  589,  541.  542; 
Compound  Hydroida,  544— 548  $  Aca- 
lepbsB,  548 — 556 ;  Echinodermata,  556, 
557 ;  Bryozoa,  564;  Tunicata,  565, 566; 
Brachiopoda,  569;  Conohifera,  570 ;  Gas- 
teropoda, 571,  572;  Cephalopoda,  575 — 
578;  Cestoidea,  580,  581;  Trematoda, 
582—684;  Turbellaria,  584;  Nemato- 
idea,  584,  585 ;  Rotifera,  585,  586 ;  An- 
nelida, 587,  588;  Myriapoda,  590;  In- 
sects, 592,  598;  Crustacea,  597—599; 
Cirrhipeda,  599—601;  Arachnida,  601, 
602;  Fishes,  604;  Reptiles,  605,  606; 
Birds,  606—608;  Mammals,  609—611. 

Generations,  alternation  of,  480,  481,  525, 
526:  of  Ferns,  508;  of  Hydroid  Zoo- 
phytes and  Medusa,  554 ;  of  Salpss,  566, 
567. 

Geographical  Distribution  of  Plants  and 
Animals,  624,  625. 

Geological  succession  of  Organized  beings, 
132—148. 

Germ-cells,  480;  in  Plants,  482  (see  Arche- 
gonia  and  Ovule) ;  in  Animals,  526,  527 
(see  Ovum). 

Germinal  Capacity,  478. 

Membrane,  608,  609. 

Spot,  529. 

— ■• Vesicle  of  ovum,  529;  develop- 
ment of,  580;  changes  in,  previously  to 
fecundation,  580,  581. 

Germination,  process  of,  517,  518 ;  produc- 
tion of  carbonic  acid  in,  801;  heat 
evolved  in,  451 ;  electricity  evolved  in, 
462. 

Gills,  of  Mollusca,  816—818;  of  Articulata, 
817—821;  of  Fishes,  821—825;  of  Pe- 
rennibninchiata,  825,  826. 

Gizzard,  of  Bryozoa,  187;  of  Gasteropoda, 
187,  188;  of  Cephalopoda,  188;  of  In- 
sects, 188;  of  Crustacea,  189;  of  Birds, 
189,  199,  200. 

Glandity  secreting,  general  structure  of,  414 
— 418;  of  Absorbent  system,  222;  vas- 
cular, 389,  890. 

Globulin  of  blood,  894. 

Olow-warms,  448,  449. 

Glyco-cholic  Acid,  426 ;  production  of,  407. 

Gonidia,  of  Lichens,  497. 


Graafian  Follicle  of  Mammalia,  607. 

Grafting,  519. 

Orantia,  ciliary  movement  in,  288. 

Orauhofper^  sound  produced  by,  721. 

Graviffrada,  142,  148. 

OregarmOf  177 ;  conjugation  of,  586. 

Oryllotalpa,  stomato-gastric  system  of,  655. 

Oymnotpermem,  imperfect  flower  of,   65; 

generation  of,  512,  518. 
OymnotUif  electricity  of,  466 — 470. 


H 


Hssmatin  of  blood,  894. 

ffmmatocoecfu,  duplicative  subdiviuon  of^ 
871. 

Hair,  exuviation  of,  860. 

Harmony  of  Forms,  129,  180. 

HaustelUum  of  Insects,  181. 

Hearing^  sense  of,  701,  702 ;  organs  of,  in 
Radiata,  702;  in  MoUusca,  702,  708;  in 
Articulata,  703,  704;  in  Vertebrata,  705 
— 707 ;  development  of,  708. 

Heart,  240 ;  structure  of,  in  Mollusca,  261 
—270;  in  Vertebrata,  270—278:  action 
of,  in  maintaining  circulation,  280 — 288 ; 
development  of,  285 — 288;  malforma- 
tions of,  287,  289;  movements  of,  684, 
685. 

neaty  evolution  of,  441,  449;  by  Plants, 
450—452 ;  by  Animals,  458 ;  by  Inverte- 
brata  generally,  453;  by  Insects,  455, 
456 ;  by  Fishes,  454 ;  by  Reptiles,  454 : 
by  Birds,  458;  by  Mammals,  459,  460; 
conditions  of,  460,  461 ;  dependence  of, 
on  food,  170. 

external,  influence  of,  on  evolution 

of  carbonic  acid,  846 — 848 ;  on  exhalation 
of  vratery  vapor,  in  Plants,  854;  in 
Animals,  858,  859;  on  formation  of 
tissues,  869. 

Hectocotylus  of  Cephalopoda,  5T6 — 576. 

Hedyaarum  gyrana,  rhythmical  movements 
of,  681. 

HelianthoidOy  see  Actimfbrm  Zoophytes. 

HelianihiUy  exhalation  flrom,  852. 

Hepatic  Artery,  424. 

CeUs,  420—425, 

Ducts,  425—834. 

FoUicles,  420—424, 

Vein,  426. 


HiPATiOii,  general  structure  of,  58,  59 ; 

generation  and  development  of,  500, 501 ; 

multiplication  of,  by  free  gemmss,  502, 

508. 
Hermaphrodism,  in  Plants,  64;  in  Animals, 

527 ;  spurious,  181,  182. 
Heteroceroal  tail  of  Fishes,  185. 
Heterogeneousness  of  organic  structure,  49. 
Hipporic  Acid,  486,  437. 
Hive  of  Bees,  temperature  of,  457. 
Uolothuria,  general  structure  of,  78,  79 : 

prehensile  tentacula  of,  188;  drculation 
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in,  244;  respiration  in,  897 ;  deyelopment 
of,  669,  660;  nenrons  system,  641. 

Homocercal  t&il  of  Fishes,  186. 

Homogeneonsness  of  organic  stmotores,  49. 

Homology  and  Analogy,  87,  88. 

Howling  Monkey*^  726. 

JfumbU'Bee,  respiration  of,  846. 

Hybemating  Mammalia,  469. 

Hybridism,  628,  624. 

Hydra,  general  stmcture  of,  72,  78 ;  oral 
apparatus  of,  182 ;  stomach  of,  166, 191 ; 
regeneration  of  parts  of,  477,  478 ;  mul- 
tiplication of,  by  gemmation,  640 ;  gene- 
ration of,  689. 

Hydrangea^  stomata  of,  861. 

Hydrogen,  respiration  of  Animals  in,  844. 

HydroidCf  Compound,  78;  stomach  of,  192; 
movement  of  fluid  in,  192,  198 ;  gemma- 
tion of,  648 ;  generation  of,  644---648. 

Hymenium  of  Fungi,  499. 

HymenopterOj  peculiarly  distinguished  by 
Instincts,  664,  679  note,  788. 


Ichneumon  itrobiUlla,  parasitic  instinct  of, 
167. 

lehthyo^aurw,  109,  111,  142;  eye  of,  718, 
714. 

Ideas,  formation  of,  by  instrumentality  of 
Cerebrum,  688 ;  share  of,  in  Emotions, 
688,  684;  direct  influence  of,  in  pro- 
ducing movements,  684,  686 ;  suggestion 
of  other  ideas  by,  686,  686. 

Ideo-motor  actions,  684,  686,  698. 

Imago  of  Insects,  692,  693 ;  nervous  system 
of,  057,  658 ;  see  Insects. 

Imbibition  of  liquids  by  tissues,  206,  207, 
210,  211. 

Implaeental  Mammalia,  116,  604,  616. 

Individuality  of  Plants,  620,  621 ;  of  Ani- 
mals, 626. 

Inductiou;  nature  of,  83. 

Infusoria,  69 ;  ingestion  of  food  by,  177, 
178;  multiplication  of,  by  fission,  636; 
metamorphosis  of,  686,  687;  ciliary 
movements  of,  629. 

Inorganic  Compounds  required  by  Plants, 
164;  by  Animals,  171,  172;  in  blood, 
895,  896 ;  elimination  of,  407,  408. 

Insects,  general  characters  of,  92 — 96; 
wings  of,  35,  93,  380 ;  difl^erentiation  of 
parts  in,  49;  food  of,  166—168;  oral 
apparatus  of,  181,  188;  reducing  ap- 
paratus of,  188;  digestive  apparatus  of, 
198;  circulation  in,  268 — 255;  respira- 
tion of,  328—882,  347;  exhalation  of, 
355;  nutritive  fluid  of,  397,  398;  liver 
of,  421,  422;  urinary  organs  of,  432; 
luminosity  of,  447 — 449 ;  heat  produced 
by,  464—^68;  regeneration  of  parts  in, 
477,  478;  generation  of,  588,  689;  de- 
velopment and  metamorphosis  of,  689 — 
698;  nervous  system  of,  650 — 669;  in- 


stinctive ftcaltiefl  of,  679,  680,  691; 
organs  of  touch  of^  699 ;  organ  of  smdl 
of,.  700;  organs  of  hearing  of,  708;  eyes 
of,  708 — 710 ;  Bounds  produeed  by,  720, 
721. 

Instinctive  actions,  687 — 689;  of  Artiev- 
lata,  668,  654,  679  note,  688;  of  Yerte- 
brata,  678,  679,  688,  689. 

Instincts  acquired,  626,  687. 

Intellectual  faculties,  685,  686. 

Intelligence,  648;  mftnifsatations  of;  by 
Bees,  679  note;  the  charaeteristie  attri- 
bute of  Vertebrata,  99;  development  < 
proportional  to  that  of  Cerebmm,  679, 
688,  689 ;  highest  manifesUtion  of,  ia 
Man,  689;  gradual  development  of;  in 
Human  being,  691,  692. 

Intemuncial  function  of  Nervous  System, 
640. 

Interstitial  Absorption,  228. 

Intestinal  Canal,  see  Digtttwe  jSpparatut. 
Glandules,  excretion  of,  206, 489. 


Isomorphism,  influence  of,  on  Absorption, 
216. 

laopod  Crustacea,  96 ;  respiration  of,  321. 

lulidsB,  91,  92;  circulation  in,  261 ;  respi- 
ration in,  827 ;  development  of,  687. 


Kidneyt,  of  Invertebrata,  480 ;  of  Fishes^ 
480,  431;  of  Reptiles,  481;  of  Bink, 
431,  482;  of  Mammahi,  432,  433;  de- 
velopment of;  433 — 485 ;  secreting  actioo 
of,  436—439. 


Labyrinthibranchii,  respiration  of,  326. 

Labyrinthodon,  141. 

Laeinularia,  water- vascular  system  in,  808; 
generation  of,  581. 

Lacteal  vessels,  220 — 225 ;  absorption  by, 
227;  see  Abtorbmt  System. 

Lacunar  Circulation,  183,  184. 

LagunculOf  83 — 85;  gemmation  and  goe- 
ration  of,  662. 

Lambllibranchiata,  ingestion  of  food  by, 
181:  circulation  in,  265,  266;  respira- 
tion in,  816,  817;  liver  of,  422;  urinaiy 
organs  of,  480;  luminosity  of,  446 ;  gene- 
ration and  development  of;  567 — 669; 
nervous  system  of,  648 — 645;  auditofy 
organs  of,  703 ;  eyes  of,  709. 

Laminss  dorsales,  609,  610. 

Lamprey^  respiration  of,  824. 

Lampyridse,  luminosity  of,  448. 

Land-Crab»y  respiration  of,  821,  822. 

Lanugo  of  Foetus,  866. 

Larva,  of  Insects,  589 — 691 ;  cirvuUtiot 
in,  266 ;  respiration  of,  380,  881 ;  nervoof 
system  of,  667 ;  see  Ikskots. 
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lATynz,  straotore  of,  722 — 725;  motions 

"    of.  726. 

Latex,  supposed  circnlfttioii  of,  285,  286. 

Leaf-budfl,  independent  Titalitj  of,  520, 521. 

Leayes  of  Phanerogamia,  arrangement  of, 
64;  absorption  by,  216,  218;  structure 
of,  849,  850;  exuviation  of;  294,  860, 
876 ;  assimilating  action  of,  874—876. 

Itteeh,  circulation  in,  247;  atmospheric 
respiration  in,  827 ;  water-Tasculur  sys- 
tem in,  811;  hepatic  cells  of,  421;  heat 
erolTcd  by,  458;  ocelli  of,  708. 

Leguminous  Plants,  exudation  from  roots 
of,  412. 

Xemminy,  change  of  color  of,  460. 

Lemna,  65,  66. 

L^padidae,  generation  of,  594,  595 ;  deye- 
lopment  of,  44 — 46. 

LqMUf  homology  of,  45. 

Lepidadendra,  148.     ^ 

Lqridotirm^  limbs  of,  89,  50 ;  circulation  in, 
274;  branchial  respiration  of,  885;  atmo- 
spheric respiration  of,  885. 

Lepidotteutf  circulation  in,  272,  278 ;  rudi- 
mentary lung  of,  888. 

Lettuce^  wild,  contraction  of  cells  in,  680. 

Leueiferf  comparison  of  with  Lepas,  45, 
46 ;  organ  of  hearing  in,  704. 

LtbelliOa,  lanra  of,  respiration  of,  881,  882. 

LiCHBNS,  general  structure  of,  55,  56 ;  ab- 
sorption in,  212;  generation  and  deve- 
lopment of,  495 — 497. 

Life,  nature  of  Laws,  82,  88. 

Light,  eyolution  of,  442;  by  Plants,  448; 
by  Animals,  444 — 449;  by  Rhiiopoda, 
444,  445;  by  Zoophytes,  445,  446;  by 
AcaiephsB,  446;  by  Mollusca,  446,  447; 
by  Annelida,  447 ;  by  Crustacea,  447 ; 
by  Insects,  447—449;  by  Fishes,  447; 
by  living  Human  subject,  449;  by  de- 
composing organic  matter,  449,  450. 

Lightf  influence  of,  on  Vegetable  respira- 
tion, 296—299;  on  exhalation,  858, 854. 

X%,  leaf  of,  850,  851. 

Limbs,  nature  of,  89,  40,  100. 

JAmuliu,  97,  98. 

Lingular  189 ;  respiration  of,  816. 

Liquids,  mutual  diffusion  of,  208,  209; 
imbibition  of,  by  solids,  206,  207,  211, 
212. 

Liquor  Sanguinis,  891 ;  fibrillation  of,  408. 

Livtr,  simplest  forms  of,  418,  419;  struc- 
ture of,  in  Insects,  419,  420;  in  Crus- 
tacea, 421 ;  in  Arachnida,  422 ;  in  Mol- 
lusca, 422;  in  Vertebrata,  422—425; 
development  of,  425,  426;  assimilating 
function  of,  885, 886 ;  formation  of  sugar 
by,  885 ;  secreting  action  of,  426—480 ; 
see  Bile. 

LizardSf  peculiarities  of  conformation  of, 
107—112;  circulation  in,  274,  275. 

Lobster,  heart  and  bloodvessels  of,  257, 258. 

Lophius,  spinal  cord  of,  665. 

Luminosity  of  Plants  and  Animals,  see 
Light. 


Lungs,  rudimentary,  In  Fishes,  888,  884  ; 
in  Perennibranchiata,  885 ;  in  Reptiles, 
885—887;  in  Birds,  887—889;  in  Mam- 
mals, 840. 

Lycopodiaeeas,  generation  of,  509. 

Lgmnmut,  eggs  of,  578 ;  rotation  in,  578. 

Lymph,  source  of,  227 ;  absorption  of,  226, 

'    227;  composition  of,  886— 888. 

Lymphatic  hearts,  228,  224. 

vessels,  221 — 225;   absorption 


by,  227—229;  see  Absarbeni  Syiiem, 
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Maeroura,  metamorphosis  of,  594. 

Malformations  of  Circulating  System,  290 
—292. 

Mammaua,  general  structure  of,  116 — 
122;  geological  succession  of,  186,  187, 
140,  141;  limbs  of,  120;  teeth  of,  120, 
121 ;  prehensile  organs  of,  185 ;  digestive 
apparatus  of,  200,  201 ;  absorbent  sys- 
tem of,  224,  225 ;  circulating  system  of, 
276,  277;  respiration  of,  889,  840;  ex- 
halation in,  856,  868;  blood  of,  892; 
liverof,  422— 425;  kidney  of,  482 ;  heat 
of,  458—460;  generative  organs  of,  604 
—607;  developmentof,618— 620;  nerv- 
ous system  of,  668 — 669;  organs  of  touch 
of,  696 ;  organs  of  taste  of,  698 ;  organs 
of  smell  of,  701 ;  ear  of,  705 — 707 ;  eye 
of,  716;  larynx  of,  728—725. 

Mammary  gland,  416,  619. 

Man,  psychical  peculiarities  of,  687 ;  diffe- 
rentiation of  extremities  of,  50 ;  lumino- 
sity of,  449;  temperature  of,  459;  in- 
telligence of,  678—688 ;  larynx  of,  782— 
786. 

Mandibulate  Inteett,  mouths  of,  188. 

Mantis,  reflex  actions  of,  652. 

Marehantia,  58,  59;  structure  of  stomata 
of,  850;  multiplication  of,  by  bulbels, 
502,  508 ;  generation  of,  500,  501. 

Mariileacem,  generation  of,  511. 

Mariupialia,  generative  organs  of,  605, 606 ; 
early  parturition  of,  618;  nurture  and 
lactation  of  foetus  by,  606,  619 ;  brain 
of,  668. 

Marsupium  of  Bird's  eye,  714. 

Matiodon,  187. 

Mauchamp  breed  of  Sheep,  626. 

Medulla  Oblongata,  661 ;  factions  of,  675. 

Medutm,  general  structure  of;  74,  75 ;  com- 
posite forms  of,  179;  stomach  of,  192, 
198;  generation  and  development  of, 
548 — 558 ;  gemmation  of,  668. 

Melolontha,  nervous  system  of,  668. 

MeiMeirem,  generation  of,  486,  487. 

Membrana  tympani,  uses  of,  705. 

Memory,  688 ;  referable  to  Cerebrum,  785. 

Menobranehui,  respiration  in,  826,  835. 

Mesencephalon,  610,  665. 

Meeoearpus,  488. 

Metogloia,  54« 
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Metamorphosis,  of  Insects,  589 — 598;  of 
Crustacea,  594— 596;  of  Girrhipeda,  44, 
45;  of  Batrachia,  272—274,  826,  827. 

,  retrograde  of  Organic  Com- 

poands,  405—407. 

Metastasis  of  Secretion,  441. 

Milk,  composition  and  properties  of,  619, 
620 ;  metastasis  of  secretion  of,  441. 

Mimosa,  movements  of,  680,  681. 

Mittletoe,  growth  of,  875,  876. 

MoLLuscA,  general  characters  of,  67,  79 — 
87 ;  circulation  in,  260 ;  respiration  in, 
812—819;  blood  of,  898;  lirer  of,  421, 
424 ;  urinary  organs  of,  482;  luminosity 
of,  446;  nervous  system  of,  641,  642. 

Mofhordiea  elaterium,  movements  of,  682. 

Monocotyledon*,  distinctive  characters  of, 
64,  65;  growth  of  stem  of,  876,  877; 
germination  of,  518. 

Monoecious  Plants,  65. 

Monotremata,  generative  organs  of,  605, 
60G;  early  parturition  of,  618. 

Monstrosities,  nature  of,  181 ;  double,  478. 

Morphology,  study  of,  40,  41. 

MoMotaurus,  111. 

Mosses,  general  structure  of,  58,  59 ;  ab- 
sorption in,  212,  218;  generation  and 
development  of,  500,  501 ;  multiplication 
of,  by  free  gemmsB,  508. 

Mouth,  structure  of,  in  different  Animals, 
180—184. 

Movements  of  Plants,  dependent  on  simple 
contractility,  628—688. 

of  Animals,  dependent  on  sim- 
ple contractility,  688,  684 ;  dependent  on 
nervous  stimulation,  685;  see  Automa- 
tic, Consensual,  Emotional,  Excito-motor, 
Ideo-motor,  Reflex,  and  Volitional  move- 
ments. 

Mulberry  mass,  583,  584. 

Multiplication  of  cells,  in  Plants,  857 — 
861 ;  in  Animals,  399—408. 

of  phytoids  and  zooids,  by 

gemmation,  51,  478,  479;  see  Gemma- 
iion. 

Muscular  Contractility,  644,  645. 

current  of  Electricity,  464—466. 

Sense,  680. 

Mycelium  of  Fungi,  56,  498,  499. 

Mylodon,  142,  148. 

Mtbiapoda,  general  characters  of,  90,  91 ; 
circulation  in,  251 — 253 ;  respiration  in, 
827,  828;  nutritive  fluid  of,  897;  liver 
of,  421 ;  regeneration  of  parts  in,  477; 
generation  and  development  of,  586, 
587 ;  nervous  system  of,  650 — 657 ;  eyes 
of,  710. 
Myxine,  portal  heart  of,  272;  respiratory 
apparatus  of,  824;  chorda  dorsalis  of, 
610;  ear  of,  704. 
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Aat>,  water-vascular  system  in,  806;  fis- 
sion of,  582 ;  generation  of,  584. 


NautOm,  anns  of,  186;  dreolation  in, 
270;  nervous  system  of,  647,  648. 

Needham,  moving  filaments  of,  573,  574. 

NematMea,  general  stmcture  of,  87,  88; 
digestive  appamtos  of;  195;  supposed 
oiroolation  of,  242 ;  water-vmseular  lyt- 
tem  of,  810,  811 ;  natritiTe  fluid  of,  896; 
generation  and  derelopment  of,  532, 583, 
580,  581 ;  nervous  system  of,  657. 

NemeMtrtnOy  proboscis  of,  181. 

Nereii,  89,  90. 

Nervous  agency,  inflaence  of;  on  Kntritioo, 
150,  410. 

Circle,  680. 

current  of  Electricity,  465,  466. 


NxBYOUs  Ststkm,  general  fVmetioDS  of, 
467—689;  no  evidence  of;  in  Protoios 
and  Polypifera,  641 ; — ^in  RadkUa,  Gil, 
642;  AcalephsB,  641;  Echinodennats, 
641,  642;— in  MoiUuea,  642,  648;  Biyo- 
loa,  648 ;  Tonioata,  648,  644 ;  Braehio- 
poda,  644 ;  LameUibranchUta,  644—646 ; 
Pteropoda,  647 ;  Gasteropoda,  647, 648; 
Cephalopoda,  648 — 650; — ^in  Arikmistt, 
651—657 ;  Rotifera,  658 ;  Annelida,  658: 
Myriapoda,  658;  Insects,  658—660; 
Crustacea,  660,  661;  Arachnida,  661, 
662;— in  Vertebrata,  668 — 665;  Tishci, 
665—668;  ReptUes,  669;  Biids,  669, 
'670;  Mammals,  670— 672;  developsMat 
of,  667,  668,  671,  672;  see  CtrebeUmm, 
Cerebrum,  Medulla  Oblongata,  Setuory 
Oanglia,  Spinal  Cord,  SympaiJkeiie  Sgitm. 

Neuroplera,  pecuHariy  dietingnished  by  la- 
stinots,  679  tkote,  688. 

Neuro-skeleton  of  Yertebrata,  99,  100. 

Neutral  Compounds,  Vegetable,  composi- 
tion and  formation  of,  878. 

Nieothoe,  development  of,  127. 

Nictitating  membrane,  750. 

Nidamentum  of  Gasteropoda,  570;  oi  Ce- 
phalopoda, 574. 

Nitrogen,  source  of,  in  Plants,  163,  164; 
absorption  and  exhalation  of,  by  Ani- 
mals, 295,  845 ;  respiration  of  Animsb 
in,  844. 

Noetiluea,  Inminonty  of,  444,  445. 

Non-axotised  Compounds,  in  food  of  Aii- 
mals,  169 — 171 ;  formation  of,  in  Plsots, 
878,  879. 

Notommata,  generation  of,  681 :  want  of 
digestive  organs  in  male  of,  177. 

Nucleus  of  cell,  in  Plants,  870,  871,  375; 
in  Animals,  400—408. 

NudibranekiaU  Qasteropods,  digestive  ap- 
paratus of,  196;  circulation  in,  267, 
268 ;  respiration  of,  818 ;  liver  of,  421 ; 
development  of,  570—678 ;  nervous  sys- 
tem of,  642,  646 ;  olfactive  organs  oC 
699 ;  organ  of  hearing  in,  708 ;  soundi 
produced  by,  720. 

NummuUtM,  70. 

Nutrition,  general  nature  and  conditiosi 
of,  152,  858,  859;  antagonism  of;  to 
Generation,  146, 147 ;  demand  for,  aris- 
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ing  from  limited  duration  of  indiTidiDUkl 
parts,  84&— 848 ;  rate  of,  860 ;  diTision 
of,  into  Assimilatioxi  and  Formation, 
868 — 867 ;  see  AtnmHation  and  FamM- 
Hon. 


Ocelli,  see  VUhn, 

Octopus,  circulation  in,  268,  269 ;  nerrous 
system  of,  648,  649. 

(Enotheraeem,  generation  of,  514 — 616. 

Oils,  Vegetable,  comffosition  and  formation 
of,  878,  879. 

Oleaginous  compounds,  use  of  as  food, 
169,  170. 

Oleander,  cuticle  of,  849. 

Omphalo-mesenteric  Tessels,  289,  612. 

Ophiura,  repetition  of  parts  in,  49 ;  dcTO- 
lopment  of,  661 — 568. 

Optic  Ganglia,  of  MoUusca,  646—648;  of 
Articulata,  656 ;  of  Yertebrata,  642 ;  see 
Sensory  Oafkglia, 

Nerves,  decussation  of,  718. 

Oral  Apparatus  of  Animals,  180 — 184. 

Organic  functions,  147 ;  relation  of,  to  Ani- 
mal functions,  148—150. 

Ornithorhyncut,  mammary  gland  of,  416; 
lactation  of,  619. 

OtcUlatarim,  movements  of,  628,  629. 

Osmunda  regaUs,  fVuctifieation  of,  61. 

Osseous  Fishes,  respiration  of,  828 ;  gene- 
ration in,  599. 

Osirieh,  incubation  of,  468;  intromittent 
organ  of,  604. 

Otolithee,  702—707. 

Otter-breed  of  Sheep,  626. 

Ovarium,  see  Generation. 

Ovo-viviparous  Mammalia,  604. 

Ovule,  Vegetable,  structure  of;  614 ;  fecun- 
dation of,  614---616 ;  subsequent  changes 
in,  616,  617;  see  Dxvblopmxnt  or 
Plants. 

Ovum,  of  Animals,  structure  of,  629;  de- 
velopment of,  580;  fecundation  of,  580, 
581 ;  subsequent  changes  in,  582 — 584; 
see  Development  or  Animals. 

Oxalic  Acid,  formation  and  uses  of,  in 
Plants,  879,  880. 

Oxygen,  consumption  of,  by  organised 
beings,  298—296;  by  Plants,  298—802; 
by  Animals,  808—806,  848—848;  libe- 
ration of,  by  Plants,  296—298. 

Ot/tter,  generation  and  development  of, 
568,  569 ;  nervous  system  of,  644,  646. 


Pachydermata,    geological    succession    of, 

186,  142. 
Falsemon,  organ  of  hearing  in,  704. 
Palaeotherium,  186. 
Falmellem,  multiplication  of  cells  in,  488 ; 

coigugation  in,  487. 


Palpi,  of  Articulata,  Ainction  of,  696. 

Pancreas,  structure  of,  416;  secretion  of, 
204. 

PapiUss,  tactile,  696;  gustative,  698. 

Paramceeium,  fissiparous  multiplication  of, 
686. 

Parasitic  Plants,  respiration  of,  299—801 ; 
nutrition  of,  818. 

Parieto-splanchnic  Ganglia  of  Mollusca, 
642. 

ParoUd  Gland,  417. 

Peetsn,  eyes  of,  708. 

Pecten  of  Bird's  eye,  714. 

Peeimibranehiaia,  respiration  of,  818;  de- 
velopment of,  578. 

Pedal  Ganglia,  of  Mollusca,  642;  of  Arti- 
culata, 642. 

PenruUula,  luminosity  of,  445,  446. 

Peniacrmus,  repetition  of  parts  in,  49;  de- 
velopment of,  567. 

Perceptions,  excited  by  sensations,  704 ;  in- 
tuitive and  acquired,  706. 

Periodical  movements  of  Plants,  681,  682. 

Perennibranchiate  Amphibia,  circulation  in, 
246 ;  respiration  in,  826,  827,  836. 

Perophora,  85 ;  circulation  in,  268 ;  respi- 
ration of,  814. 

Perspiration,  see  Exhalation. 

Peyerian  glandulie,  structure  and  actions 
of,  889,  890. 

Phaittna  sirohUeUa,  167. 

Phanebooamla,  distinctive  characters  of, 
62;  general  structure  of,  68 — 66;  absorp- 
tion in,  218;  ascent  of  sap  in,  282—284 ; 
dispersion  of  elaborated  sap  in,  284 — 
287 ;  causes  of  its  movement  in,  287,  288 ; 
respiration  in,  296 — 808 ;  exhalation  in, 
849—856 ;  generation  of  518—518 ;  ger- 
mination and  development  of,  518—520; 
propagation  of,  by  separated  parts,  620, 
621. 

Phateolotherium,  teeth  of,  121. 

Pholas,  respiration  of,  816,  817. 

Phosphates,  Alkaline,  production  and  ex- 
cretion of,  408,  488. 

Earthy,  in  food,  171,  172; 


excretion  of,  488. 

Phosphorescence,  Animal,  444 — 460. 

Phosphoriied  fats  of  blood,  894. 

Physalia,  655. 

Physograda,  179  noU;  reproduction  of,  666. 

Physophorida,  reproduction  of,  665. 

Phy  toid,  482 ;  see  Gemmation. 

Phyton,  518;  see  Gemmation, 

Pinna,  circulation  in,  286,  286. 

P^  Americana,  protection  to  eggs  of,  601. 

Pistillidia,  see  Arehsgonia, 

Pitcher-Plants,  176,  176. 

Placenta  of  Mammalia,  structure,  develop- 
ment, and  functions  of,  616,  616. 

Placental  Mammalia,  116. 

Planaria,  digestive  apparatus  of,  194;  fissi- 
parous multiplication  of,  680 ;  generation 
of,  580 ;  nervous  system  of,  667 ;  eyes  of, 
708. 
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Plastic  exudatloDS,  fibrillation  of,  898,  408. 

Plastron  of  Chelonia,  108. 

Pleiiotaurut,  110,  111,  142. 

FUuroneetidm,  absence  of  air-bladder  in, 
884. 

Plumala  of  Vegetable  embryo,  616 — 618. 

Pluteut,  larra  of  Echinus,  661 — 668. 

Poisonous  secretions,  440. 

Pollen-grains,  structure  and  deyelopment 
of,  614,  616;  action  of,  in  fertilization, 
615—617. 

Polygattriea,  177 ;  see  Infusoria* 

Polystome  Animals,  179,  180. 

PoLTPiFRRA,  general  characters  of,  71 — 74; 
prehensile  organs  of,  182, 188 ;  digestiye 
apparatus  of,  191 — 194 ;  absorption  ftrom 
yisceral  cayitj  of,  219;  respiration  in, 
806,  806;  nutritiye  fluid  of,  897;  he- 
patic  cells  of,  420;  luminosity  of,  446, 
446;  multiplication  of,  by  gemmation, 
74 ;  reproduction  of  parts  in,  74,  476, 
477 ;  generation  and  deyelopment  of,  689 
— 656;  moyements  of,  648;  absence  of 
neryous  system  in,  660,  661. 

PoBiFBRA,  69,  70;  ingestion  of  food  by, 
178,  179;  circulation  of  fluid  in  genend 
cayity  of,  809 ;  generation  and  deyelop- 
ment of,  588. 

Portal  circulation,  of  Doris,  268 ;  of  Fishes, 
271;  of  Reptiles,  273;  of  Birds,  278; 
of  Mammals,  276,  424 ;  of  foetus,  289. 

Prehensile  appendages,  of  Zoophytes,  188, 
184 :  of  Echinodermata,  184 ;  of  Ptero- 
poda,  184;  of  Cephalopoda,  184;  of 
Crustacea,  184 ;  of  Vertebrata,  185. 

Primitive  trace,  609. 

Primordial  utricle  of  Vegetable  cells,  864. 

Primrose,  abortive  stamens  of,  128. 

Progressive  development,  doctrine  of,  128, 
129,  476. 

Projection,  idea  of,  718,  719. 

Promycelium  of  Fungi,  499. 

Prosencephalon,  610, 665. 

Prothallium,  of  Mosses,  602;  of  Ferns, 
604—507 ;  of  EquisetacesB,  509 ;  of  Ly- 
copodiacesB,  610;  of  Marsileacesa,  611; 
of  ConifersD,  518. 

Proteus,  respiration  of,  886. 

Protococcut  nivalit,  62 ;  rapid  extension  of, 
878. 

Protoplasma,  Vegetable,  868,  878,  876. 

Pbotophyta,  52;  nutrition  of,  867,  868; 
multiplication  of,  871 — 374,  488 ;  gene- 
ration of,  484—489. 

Protozoa,  68 — 70;  ingestion  of  food  by, 
177, 178;  generation  and  development  of, 
584 — 537;  movements  of,  638;  no  evi- 
dence of  nervous  system  in,  639,  640. 

Proventriculus,  of  Birds,  199. 

Proximate  principles  of  Plants,  formation 
of,  878—382. 

Pseudopodia  of  Rhizopods,  69,  70. 

Plerodtictylut,  wings  of,  84,  110. 

Pteromalut,  internal  gemmation  of,  586. 

Pteronarq/t,  persistent  branchiffi  of,  882. 


Ptbropoda,  general  charaeters  ol^  80;  pre- 
hensile apparatas  of,  184 ;  respiration  of^ 
818 ;  generation  of,  672 ;  nerroiu  system 
in,  646. 

Pulmonary  exhalation,  857. 

Pulmonated  Gasterppodg,  respiration  in, 
827 ;  generation  of,  670 ;  nervous  system 
of,  646 ;  olfactive  organs  of^  699. 

Pulmonic  apparatus,  transitional  foims  oi, 
89,  888—885. 

Pupa  of  Insects,  507 — 609 ;  cirenlatioD  in, 
266 ;  nervous  system  in,  667. 

Pupil,  varying  diameter  of,  717. 

Pyenogonidat^  digestiye  i^paratos  o(^  196, 
197 ;  movement  of  nutritiTe  fluid  in,  259. 

PyrotomidsBf  luminosity  of,  446. 


Quadrumana^  difierentiation  of  memben 

of,  60. 
Queen-Bee,  artificial  production  of,  162. 


Radial  symmetry,  70. 

Rv>iATA,  general  characters  of,  67,  70— 
79 ;  nervous  system  of,  641,  642. 

Receptaculum  chyli,  224. 

Recrementitious  Secretions,  419. 

Red  Corpuscles,  proportion  of  in  blood, 
891,  892;  uses  of,  894,  896;  approxi- 
mations to,  400. 

Reed-instruments,  similarity  of  lairnx  to, 
724. 

Reflex  Action  of  Nervous  Centres,  686— 
639 ;  in  Mollusca,  648 — 648 ;  in  Articfi* 
lata,  662—656;  in  Vertebrata,  671- 
685. 

of  Spinal  Cord,  671,  675; 


of  Medulla  Oblongata,  675,  676;  of  Sen- 
sory Ganglia,  676 — 682 ;  of  Cerebrum, 
684,  686,  687. 

Regeneration  of  lost  parts,  476 — 479. 

Repetition  of  similar  parts,  49,  60;  is 
Radiata,  70,  71 ;  in  Articulata,  87. 

Reproduction,  see  GsNiRiLTioir  and  Otmma- 
tion, 

Reptilbs,  general  structure  of,  106—112; 
digestiye  organs  of,  198;  absorbent  sys- 
tem of,  228,  224 ;  oirculatioji  of,  271— 
275 ;  respiration  of,  836 — 887 ;  blood  <d, 
892,  400;  Uver  of,  422,  428;  kidnejt 
of,  481 ;  low  temperature  of,  654 ;  re- 
generation of  parts  of,  478 ;  generatioa 
of,  600,  601;  development  of,  608- 
614;  nervous  system  of,  667;  organ  of 
smell  of,  701 ;  organ  of  hearing  of,  704; 
eye  of,  713,  714. 

Resins,  &c.,  composition  and  formation  of, 
379. 

Rbspiratiok,  nature  and  purposes  of;  144, 
152,  298—296;  a  measure  of  vital  le- 


INDEX  or  SUBJECTS. 


749 


UTity,  803,  847;  phjsical  ageocy  con- 
cerned in,  296,  296;— of  PUmtt,  298, 
299 ;  of  leafless  parasitea,  800 ;  of  ger- 
minating seeds,  801 ;  of  flowers,  801 ; — 
of  AnifnaU,  special  purposes  of,  808 — 
805;  changes  produced  by,  in  blood, 
842,  848 ;  changes  produced  by,  in  air, 
848—848;  morements  of,  705. 

Bespiration,  Apparatus  of,  in  Flants,  296 ; 
Cryptogamia,  296,  297 ;  Phanerogamia, 
296,  802 ;  deyelopment  of,  802,  808. 

,  Apparatus  and  Mechanism  of, 

in  Animali,  805--807;  Protoxoa,  807; 
Zoophytes,  807,  808;  AcalephsB,  807, 
808;  Echinodermata,  808—810;  Roti- 
fera,  810,  811;  Turbellaria,  811;  En- 
tozoa,  811 — 818;  Monoecious  Annelida, 
818 ;  Bryozoa,  814;  Tunicata,  814—817 ; 
Brachiopoda,  817,  818 ;  Lamellibranchi- 
ata,  318,  819;  Gasteropoda,  819,  820, 
830;  Pteropoda,  820;  Cephalopoda, 
820;  Annelida,  821—828;  Myriapoda, 
380,  881 ;  Insects,  831—885;  Crustacea, 
828—825;  Arachnida,  819,  820;  Fishes, 
825—829,  386,  887;  Amphibia,  329, 
838;  Reptiles,  888—840;  Birds,  840— 
843 ;  Mammalia,  843,  844. 

Respiratory  System  of  Nerres,  in  Articu- 
lata,  654,  655 ;  in  Vertebrata,  675. 

RhyneoaauruSf  141. 

Rhythmical  morements  of  Plants,  682 ;  of 
Animals,  688,  684. 

Rhizopoda,  69,  70 ;  ingestion  of  food  by, 
176;  luminosity  of,  444. 

Jthizottoma,  179,  180. 

JtodentiOf  brain  of,  668. 

Roots,  structure  of,  63,  213 ;  growth  of, 
towards  moisture,  214,  215;  absorbent 
power  of,  215,  216;  exudations  trom, 
412,  418. 

Rotation,  movement  of,  in  Vegetable  cells, 
869,  870. 

of  Crops,  418. 

RoTiFERA,  jaws  of,  188;  digestiTe  appa- 
ratus of,  196;  moTcment  of  nutritive 
fluid  in,  242 ;  water-yasoular  system  in, 
808;  generation  and  development  of, 
581,  582;  supposed  nervous  ^stem  of, 
657 ;  eye-spots  of,  708. 

Rudimentary  Organs,  127,  128;  purpose 
of,  866. 

Ruminantia,  rudimentary  teeth  of,  127; 
early  forms  of,  187 ;  peculiar  digestive 
apparatus  of,  189,  190. 

Rumination,  process  of,  190,  191. 
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SahtUa,  89;  respiration  of,  819,  820. 
Saccharine  compounds,  use  of,  as  food,  169, 

170. 
8agt^  flower  of,  128. 
Salamander,  regeneration  of  limbs  of,  476, 

478. 


Salicine,  metamorphosis  of,  880. 

Salpidit,  circulation  in,  268,  264 ;  respira- 
tion of,  812,  318;  luminosity  of,  446; 
gemmation  and  generation  of,  563—567 ; 
organ  of  hearing  in,  702,  703. 

Samolus,  flower  of,  128. 

Sap,  crude,  ascent  of,  282,  283  ;  causes  of, 
233,  234 ;  elaborated,  movement  of,  235 
—287;  causes  of,  287,  238. 

Sarraeenia,  pitchers  of,  170. 

Saraia,  gemmation  of,  558 ;  nervous  system 
of,  641. 

Sauria,  lungs  of,  886,  887. 

Sauroii  Fuhea,  circulation  in,  272, 278 ;  air- 
bladder  of,  833. 

Sclerotic  plates  of  Reptiles  and  Birds,  713, 
714. 

ScolopendridsB,  91,  92;  circulation  in,  252, 
253;  respiration  in,  827;  development  of, 
587 ;  nervous  system  of,  650 ;  reflex  ac- 
tions of,  650,  651. 

ScorpionidsBt  circulation  in,  255,  256 ;  ge- 
neration and  development  of,  597,  098 ; 
nervous  system  of,  660. 

ScutifferidsB,  circulation  in,  258. 

Sebaceous  follicles  of  skin,  440. 

Secondarily-automatic  movements,  681. 

Seoretion,  general  nature  and  purposes  of, 
152,  410,  411;— in  Plants,  877,  412;— 
in  AnimaU,  413 ;  nature  of  the  process, 
414 — 418;  purposes  of,  418 — iiO;  me- 
tastasis of,  440,  441 ;  see  Liver,  Kidney, 
Pancretu,  Skin, 

Seed  of  Phanerogamia,  formation  and 
structure  of,  65,  512—517 ;  germination 
of,  517,  518. 

Segmentation  of  vitellus,  532—534,  608, 
609. 

SelagineUa,  generation  of,  509. 

Selective  power  of  individual  parts,  49, 866. 

Semicircular  canals,  704;  uses  of,  706; 
effects  of  section  of,  676,  677. 

Sensation,  692,  698  (see  Sensory  Oanglia) ; 
general,  693;  muscular,  680;  special, 
698,  694;  perceptions  derived  through, 
694,  695;  organs  of,  see  Hearing,  Smell, 
Taste,  Touch,  and  Ftrnm. 

Sensations,  influence  of,  in  calling  forth 
movements,  675 — 681;  in  producing  per- 
ceptions, 688,  694. 

Sensibility,  comparative,  of  different  parts, 
693. 

SenMve  Plant,  movements  of,  680,  631. 

Sensory  Ganglia  of  Vertebrata,  661,  668 ; 
of  Fishes,  663, 664 ;  of  Reptiles,  667  ;  of 
Birds,  667,  668;  of  Mammalia,  668— 
670;  functions  of,  676—682. 

Sepia,  arms  of,  184 ;  development  of,  574 — 
576;  nervous  system  of,  648,  649. 

Serpents,  peculiarities  of  oonfoilbiation  of, 
107— 112;  lungs  of,  836. 

Serpulm,  ingestion  of  food  by,  182 ;  respira- 
tory tufts  of,  819,  820. 

Sertularidm,  movement  of  liquid  in,  192 ; 
generation  of,  547,  648. 
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Sex,  clrcamstanees  determining,  618. 
Shells  of  moUa8C&,  cireamstanoes  modify- 
ing form  of,  622. 
SigiUarim,  143. 
Siturut,  electricity  of,  466—469. 

Single  Tision,  718,  719. 

Sq>uneulida,  respiration  of,  806;  natridye 
fluid  of,  897;  nerrous  system  of,  641. 

Size,  influence  of  supply  of  food  on,  168, 
169. 

Skeleton,  external  of  Artionlata,  87;  in- 
ternal, of  Vertebrata,  99—101;  of  Fishes, 
104—106;  of  Reptiles,  107—110;  of 
Birds,  118—116;  of  Mammals,  117— 
120. 

Skm,  exhalation  of  fluid  from,  866—869 ; 
excretion  of  solid  matter  by,  489 ;  seba- 
ceous secretion  of,  440. 

Skull,  of  Fishes,  97;  of  Reptiles,  110;  of 
Birds,  118,  114;  of  Mammals,  117, 118. 

Sleep  of  Plants,  631. 

Slug,  nervous  system  of,  646. 

Smell,  sense  of,  699;  in  Mollnsca,  699, 
700 ;  in  Articulata,  700 ;  in  Vertebrata, 
701,  702. 

SnaU,  circulation  in,  267. 

SoUn,  nervous  system  of,  647,  648. 

Soredia  of  Lichens,  66,  497. 

Sounds,  produced  by  Animals,  720;  by 
MolluBca,  720;  by  Insects,  720,  721 ;  by 
Vertebrate,  722—726. 

SpatanffW,  166. 

Spearmint^  exhalation  from,  862. 

Specialization  of  Structure,  principle  of, 
49 ;  of  Function,  164—167. 

Species,  meaning  of  term,  621 ;  discrimina- 
tion of,  C21 — 624 ;  geographical  distribu- 
tion of,  624,  626 ;  propagation  of,  620, 
626. 

Speech,  726. 

Sperm-cells,  480;  in  Planto,  482  (see  An- 
thcrozoids  and  Pollen-grains);  in  Ani- 
mals, 626,  627  (see  Spermatozoa). 

Spermatia  of  Lichens,  495 ;  of  Fungi,  498. 

Spermatic  Glands,  general  structure  of, 
418. 

Spemiatophora,  of  Cephalonods,  678. 

Spermatozoa,  627 — 629;  development  of, 
629,  630;  fecundating  power  of,  680; 
passage  of,  into  ovum,  682,  688. 

Spermagonia,  of  Lichens,  496 ;  of  Fungi, 
498. 

Spermotheca,  628;  of  Insects,  688;  of 
Cru8tecea,  696. 

Spherical  aberration,  716. 

Sphinx  atropot,  sound  produced  by,  718. 

Sphinx  liguHri,  nervous  system  of,  660;  in 
larva,  668;  in  pupa,  668;  in  imago,  668, 
659 ;  extension  of  wings  of,  880 ;  tem- 
perature of,  466. 

Spinal  Cord,  662,  668 ;  in  Fishes,  666 ;  in 
Reptiles,  668 ;  frinctlons  of,  672—676. 

Spiracles,  of  Myriapods,  827 ;  of  Insects, 
328,  329,  881. 


Spiral  arrangement  of  foUaeeons  orgiiu, 

68,64. 
Spiral  vessels  of  Plants,  802. 
Spiraea,  oil  of,  artificial  production  of,  8801 
S^irogyra,  antheroxoidB  of^  488  noU;  spores 

of,  404  note. 
Spleen,  structure  and  actions  of^  889,  390. 
J^MnffUj  69,  70;  ciliary  action  in,  805;  se« 

PORIFBRA. 

Spongioles,  218 ;  absorbent  power  of,  213. 

Sporangium,  485  note. 

Spores  of  Ciyptogamia,  66 ;  of  Protopfavti, 
486—488;  of  Algss,  461;  of  Ueheoi, 
466;  of  Fungi,  458,  469;  of  Hcpatiae 
and  Mosses,  460,  461 ;  of  Perns,  468:  of 
Eqnisetaceee,  469;  of  Lyoopodiaces, 
470 ;  of  MarsileacesB,  471. 

Stamens,  65. 

SUrch,  composition  of,  878;  use  of/ in 
y egeteble  economy,  888, 884 ;  eooveraoi 
of  into  sugar,  in  germination,  801 :  ia 
flowering,  801,  802;  in  derelopment  of 
buds,  802. 

Star-fish,  see  Jtteriat. 

Starvation,  effect  of,  in  dwarfing,  161, 161 

Stem,  various  forms  of^  88 ;  of  Perns,  61 ; 
of  Phanerogamia,  stmctore  of;  68 ;  mode 
of  increase  of;  876,  877. 

Stemmate  of  Insects,  710. 

Stereoscopic  pictures,  718,  719. 

SUgmata  of  Insects,  828,  820,  881. 

Stomach  of  Animals,  required  by  natnre  of 
their  food,  165,  166 ;  adumbration  of,  ia 
Plants,  175,  176. 

Stomata,  849—851. 

SlomqpodOj  respiration  of,  61. 

Stomato-gastrio  system  of  MollQse%  647 ; 
of  ArticuUta,  665,  656. 

StrobUay  or  polypoid  larva  of  Medusa,  649 
—662. 

Stnithiomdm,  lungs  of,  888. 

Subdivision  of  cells,  in  Plants,  871—373, 
486  ;  in  Animals,  400,  401 ;  relation  of; 
to  Generation,  479,  480. 

Suction,  reflex  act  of,  676. 

Suctorial  Animals,  181. 

Sugar,  production  of  in  liyer,  885,  406;  ia. 
milk,  406,  619,  620. 

Sulphates,  Alkaline,  production  and  excre- 
tion of,  401,  487. 

Support,  organs  of,  comparison  of,  84— 
87. 

Surinam  Ihad,  protection  to  eggs  of;  60L 

Swallowing,  act  of,  674. 

Symmetrical  Diseases,  49,  866. 

Sympathetic  Syttem,  689;  of  Qasteropodi, 
648;  of  Articulata,  656,  657;  of  Verte- 
brata, 671 ;  functions  of,  688,  689. 

SynapiOj  fissioarous  multiplicatioa  oL 
666. 

Synhranehut,  respiration  of,  825. 

Syngamuty  generation  of,  681. 

Syngnathidm,  marsupial  pouch  of;  600. 
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Tadpole,  metamorphoais  of,  272—274, 826, 
827 ;  effect  of  its  retardation,  on  blood- 
corpnaclea,  862,  868. 

TmniOy  water-Taacnlar  ayatem  in,  809; 
generation  and  doTelopment  of,  676 — 
678. 

Talitrus,  nerrona  ayatem  of,  668. 

Tannin,  inflnenoe  of,  on  roota,  177;  exudar 
tion  of,  from  roota  of  oak,  407. 

Ta|>etnm  of  Eye,  714. 

Taate,  aenae  of,  698. 

Taaro-cholic  Acid,  427 ;  production  of,  407. 

Teeth,  of  Bchinida,  187;  of  Fiahea,  106;  of 
Reptilea,  111,  112;  of  Mammals,  120, 
121;  their  cloaer  conformity  to  archetype 
in  earlier  Mammals,  187 ;  their  nae  in 
reduction  of  food,  189;  rudimentary 
condition  of,  127 ;  exuviation  of,  860. 

Teleotaurtu,  186. 

Temperature,  sense  of,  697 ;  see  ffeoL 

Tendrils  of  Planta,  86. 

Terebella,  circulation  in,  247—249 ;  respi- 
ration of,  820;  nutritiTe  fluid  of,  896; 
development  of,  686,  686. 

Teredo,  dcTelopment  of,  669,  670. 

Tergipee,  development  of,  678. 

Terrieolm,  90 ;  generation  of,  688,  684. 

Testes,  629 ;  see  Qbnbkation. 

Tethya,  generation  of,  688. 

TetrabranehiaU  Cephalopoda,  140. 

Teirarhyntut,  development  of,  578. 

Thalami  Optici,  668,  669. 

TflALLoaxHa,  58 ;  diverse  modes  of  evolu- 
tion of,  67  note, 

TkalluM,  of  Protophyta,  62 ;  of  Tballogena, 
58. 

ThaumantioM,  gemmation  of,  568. 

Thoracic  Duct,  224 ;  fluid  of,  676. 

Thymua  Oland,  atructure  and  actions  of, 
889,  890. 

Thyroid  Gland,  889. 

TiUandtia,  receptaolea  for  fluid  in,  176. 

Tissues,  formation  of,  868 — 865;  general 
conditions  of,  86^--867;  sea  CelU  and 
Fibree. 

Tongue,  papillary  atructure  of,  698. 

TW^nib,  electricity  of,  466—471 ;  nutrition 
of  embryo  in,  600. 

Torvla  eereviiim,  propagation  of,  499,  500. 

Touch,  sense  of,  695 ;  special  organs  of,  in 
Insects  and  Crustacea,  696;  in  Batra- 
chia,  695;  in  Birda,  695;  in  Mammala, 
695,  696;  tactile  employment  of,  697. 

Toxodon,  142. 

TrachesB,  of  Myriapoda,  827,  828;  of  In- 
aecta,  828—880. 

Tradeacaniia,  rotation  of  fluid  in,  869. 

Traina  of  Thought,  685—687. 

Transudation  of  fluid  from  Animala,  855. 

Transmutation  of  apedea,  doctrine  of,  182, 
188,  475. 

Trematoda^  digeative  apparatus  of,  194; 
absence  of  circulation  in,  241;  water- 


vascular  system  in,  245;  nutritive  fluid 
of,  896 ;  generation  and  metamorphosis 
of,  578—680. 

Trigla,  spinal  cord  of,  665. 

TrUobitee,  their  resemblance  to  larval  forms 
of  Limulus,  188;  eyes  of,  710,  711. 

Tropaeolum,  monstrosity  of,  181. 

Tulneola,  91;  respiration  of,  819,  820; 
gemmation  of,  588 ;  generation  of,  588 ; 
development  of,  584 — 586. 

jyUmlaridm,  movement  of  liquid  in,  192; 
reproduction  of  head  of,  477 ;  generation 
of,  546,  548. 

TcNiOATA,  general  characters  of,  70,  85, 
86;  circulation  in,  261—204;  respira- 
tion in,  812—815;  liver  of,  422;  lumi- 
nosity of,  446;  multiplication  of,  by 
gemmation,  568;  generation  and  deve- 
lopment of,  564—566;  nervous  system 
of,  642,  648;  organs  of  hearing  of,  708; 
eyes  of,  709. 

Turbetlaria,  water-vascular  system  in,  287. 

Tympanic  apparatua,  704,  705. 

Type  of  structure,  general  conformity  to, 
41—48 ;  diversities  of,  in  Plants,  46—47 ; 
in  Animals,  47,  48. 


Ulvse,  52;  multiplication  of  by  zoospores, 

489. 
Unicellular  Animals,  177,  178;  see  Pbo- 

TOZOA. 

Plants,   51,   52;    see  Pboto- 


PHTTA. 

Unisexual  Animals,  527 ;  Plants,  64,  65. 

Unity  of  Composition,  law  of,  41 ;  limita- 
tions of,  46—48. 

Urea,  485—487;  production  of,  407,  488. 

Uric  Acid,  486,  487;  production  of,  407, 
488. 

Urine,  composition  and  properties  of,  485 — 
487;  uses  of  excretion  of,  437 — 489; 
metastasis  of  secretion  of,  441. 

Uterus  of  Mammalia,  605,  606;  changes 
in,  consequent  upon  impregnation,  614, 
615. 


Valerianic  Acid,  artificial  production  of, 
880. 

Vallianeria,  rotation  of  fluid  in,  8C9;  fe- 
cundation in,  514. 

Varieties,  621;  origination  of  new,  627; 
propagation  of,  520. 

Vasa  lutea,  612. 

Vascular  Area,  280,  609,  610. 

Vascular  Glanda,  structure  and  actions  of, 
889—391. 

Vegetable  Excretions,  supposed,  412,  418. 

Vbqbtablb  Kingdom,  principal  types  of 
structure  of,  46,  47;  general  view  of, 
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.  50 — 60;  geological  Buecession  of,  148; 
foo«l  of,  derived  from  Inorganic  world, 
1G3.  164. 

Tegctntivc  repetition  of  Organs,  49,  60. 

Velu!<,  230;  development  of,  288,  289. 

Vena  Portse,  see  Portal  Circulation. 

VcrtebrtB,  general  structare  of,  99;  of 
Fished,  105;  mnltiplioation  of  in  Rep- 
tiles, 108. 

YsRTEDRATA,  general  characters  of,  08, 
98—104 ;  greatest  differentiation  of  parts 
in,  49 ;  predominance  of  Nervous  system 
in,  99;  skeleton  of,  99—101;  intelli- 
gence and  general  perfection  of,  101; 
visceral  system  of,  101 — 108 :  generation 
of,  108 ;  classification  of;  108, 104 ;  pre- 
hensile appendi^s  of,  185;  blood  of, 
890— 39G;  development  of,  608—618; 
nervous  system  of,  689 — 691. 

Vessels  of  Plants,  282—286 ;  development 
of,  238 ;— of  Animals,  240,  241 ;  deve- 
lopment of,  242,  248,  282—290;  see 
Arteries,  Capillaries,  and  Veins. 

VibrisBse,  tactile  uses  of,  696,  697. 

Villi  of  Intestine,  202,  220. 

Visceral  system  of  Nerves,  see  Sympathetic. 

Vision,  707;  Organs  of,  rudimentary,  708; 
in  Articulata,  708 — 711;  in  Mollusca, 
711,  712;  in  Vertebrata,  712—714;  de- 
velopment of,  716;  Sense  of,  716— 
719. 

Vital  Force,  its  relations  to  Physical  and 
Chemical  Forces,  868. 

Vitelline  duct,  611. 

vessels,  612. 

Vitellus  of  Ovum,  629 ;  segmentation  of, 
531—684,  608,  609. 

Voice,  organ  of,  722 — 725. 

Volitional  Movements,  688,  690 ;  mecha- 
nism of,  688. 

Volvoi  glohator,  122. 

Vorticella,  metamorphoses  of,  636,  687. 


Warm-blooded  uniiiwla,  respiration  of,  347. 

Waste  of  tissaes,  bj  exercise  of  Animal 
Functions,  148,  159;  reenlta  of,  shown 
in  Respiration,  804;  in  other  £xa«- 
tions,  419. 

Water -Viueular  Sfftem,  304;  of  Ediino- 
dermata,  807,  808;  of  Rotifera,  8W, 
809;  of  Turbellaria,  809:  of  Cestoidet, 
809,810;  of  Trematoda,  310;  of5eaii- 
toidea,  810,  811;  of  Monceoious  Anne- 
lida, 811. 

Whale,  ingestion  of  food  bj,  182. 

White  Corpuscles  of  blood,  895. 

Will,  power  of,  over  Mental  Action,  687 : 
over  bodily  moTements,  638,  698,  C99. 

Wings  of  Aninuds,  oompaiison  of,  84—87. 
Insects,  extension  of,  by  respin- 


tory  efforts,  880,  831 ;  development  of; 
559. 

Wolffian  bodies,  434 ;  permanent,  of  flsbcs, 
481. 

Woorara  poison,  experiments  with,  on  Ab- 
sorption, 218  note. 

Wood,  growth  of,  876,  877. 


Yeast-plant,  propagation  of,  499,  600. 
Yolk,  584;    segmentation    of,   531—562, 
608,609. 


Z 


Zoanthidmj  composite  stomach  of,  191. 

Zona  pellncida  of  Mammalian  ovum,  60& 

ZonariOj  54. 

Zooids,  525;  see  Gemmaiwn, 

Zoophytes,  see  PoLTPiPsnA. 

Zoospores,  of  Protophyta,  52,  872:  multi- 
plication of  Confcrvse  and  Ulve  by,  489; 
multiplication  of  Fucacese  by,  492. 

ZygntmOf  coi^ugation  of,  487,  488. 


THE  END. 
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TO  THB  MEDICAL  FROFBSSIQN. 

In  the  present  catalogue  we  have  affixed  prices  to  our  publicatioDs,  in  obedience 
to  the  repeated  requests  of  cumeTous  luetubcrs  of  the  profession.  While  hoolfs, 
like  all  other  artieles,  must  necessarily  ynry  soraewbat  in  cost  throughout  the  ex- 
tended tcrrifories  of  this  couotrjj  jet  our  puhlications  will  generally  he  furnished  j 
at  these  rates  by  booksellers  tbroughout  the  Union,  who  can  readily  and  speedily 
procure  any  which  they  may  not  have  on  band. 

To  accommodate  those  pbysieians  who  have  not  conveoient  acoess  to  boolcstore*, 
or  who  cannot  order  through  merchants  visiting  the  larger  cities,  we  will  forward 
OUJ*  works  by  mail,/ree  o/po^kujef  on  receipt  of  the  printed  prices  in  current  funds 
or  postage  stamps.  As  our  husinesa  is  wholesale,  and  we  open  accounts  with  htiok- 
fieUers  only,  the  amount  must  in  every  case,  without  exception,  aecompany  thel 
order,  and  we  can  assume  no  risks  of  the  mail,  cither  on  the  money  or  the  hooks jj 
and  as  we  only  sell  onr  own  publications,  we  can  supply  no  others.  Physicians 
willj  tlierefore,  see  the  convenience  and  advantage  of  making  their  purchases^  when- 
ever practicable,  from  the  nearest  bookseller. 

We  can  only  add  that  no  exertions  are  spared  to  merit  a  eontinuafice  of  the 
fyiQg  eonfidenee  hitherto  manifested  by  the  profession  in  all  works  bearing  our 

BLAKCHARD  &  LEA. 

fviLiDVLPHiA}  Jmuary,  1858, 

*^*  'Wq  have  now  ready  a  new  Illustb^ited  Catalogue  of  our  iledical  and 
Scientific  Publications,  forming  an  octa,vo  panjphlet  of  80  large  pages,  containing  ' 
specimens  of  illustr*itions,  notices  of  the  medical  press,  ke.  &c*  It  has  been  pre-j 
pared  without  regard  to  expense,  and  will  be  found  one  of  the  handsomest  specimeusJ 
of  typographical  execution  as  yet  presented  in  this  country.  Copies  will  bo  sent  ta^ 
any  address,  by  mail,  free  of  postage,  on  receipt  of  nine  cents  in  statups. 

Catalogues  of  our  numerous  publications  la  miscellaneous  and  educational  litera- 
twte  forwarded  on  application. 


TWO  llEDICilL  PERIODICALS,  FREE  OF  POSTAGE, 

FOR  FIVE  HOLLARS  PER  AIVMUlfl. 

THB  AMERICAN  JOpRNAL  OF  THE  MEDICAL  SCIENCES,  subject  to 

pustnge,  when  net  paid  for  in  advaneei        -------    f  5  OQ 

THE  MEDICAL  NEWS  AND  LIBRARY,  invariably  in  advance,      -       -      I  00 

or,  BOTH  r«Eioj>lCAi-a  furnished,  ra£R  of  rosTAOfi,  for  Five  DuUara  remitted 
in  advance. 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES, 
Edited  by  ISAAC  HAYS,  M.  D., 

It  pyUlisht'd  Quarterly,  oa  the  firsi  of  January,  April*  Jolyt  »fid  October.  Eaeh  mimbi*r  ctuiliimi  j 
al  l«fa*t  two  huMdred  and  eighiy  I  urge  ociavo  p«ige»,  liaiid-Himely  and  uppTtiprmtdy  illur^lriiied, 
whefevt^r  riecesi^nry.  ii  hai^  now  been  jj^j^ued  reguJiirly  lur  more  Ihoti  TJtiairiT'rTVE  yeuf^.  ujid  it  hus 
tieen  uuder  the  conXrol  ol'  I  he  pre  h*  at  editor  tor  more  than  a  quarter  of  a  eentury.  Thruu^hmtl 
tbi»  1<»>K  periixl.  il  bu^  matiiiained  it^  pc^siiiuii  in  Ibe  hi^he^t  funk  ufinedical  perioJicB^p^both  i&l  home 
ftfid  nbmad*  and  ha*  received  ihecordid  r^upiKjri  ofiLe  tsn  tire  pro  (ei^i^joij  in  ibr*  cHmntry.  Ttt*  Mmt  oU] 
"  ciboralorB  will  lie  found  \\>  ctHUaLii  a  targi?  number  of  the  most  distingui!«bpd  narneii  ol  tbe  pra* 
I  every  »ectJDii  of  the  Uuiied  States,  rendering  the  depBrlment  devoted  to 

ORIGINAL    COMMUNICATIONS 

IMl  of  varied  and  imtKiriant  tnaliert  of  ^reat  interest  ii\  all  nraetitioner^. 
A»  the  aim  ot  the  JoumiiL  however,  i&  to  cumbine  tbi  advatnageft  pre««iiteit  by  aU  the  diflfef«m 
mri'^tie?  of  p«^riodic«le,  in  lU 

_32 a. 


REVIEW    DEPARTMENT 

will  be  found  eitended  *nd  imparl  ial  i^\rii?w*  of  oU  uafiDrtUEit  mew  works,  ppeieatiiif  mAijiectiit 
novelty  and  inlereM,  togeiiier  with  very  niimeroti* 

BlBLlOaRAPHICAL    NOTICBS, 
ineludinf  nearly  all  ih^  nvedleiLl  publie4iUon»  ofitie  dayt  both  lu  ilim  eouiiiry  nJidGrcvl  Brittiii,  i 
a  eboiDA  M^lecliuii  otlha  Qwr«  impurtaal  eoniinenld  woi-ko.    TKia  i»  foliow«d  by  tlie 

QUARTBRLY  SUMMARY, 

|i«Uif  &  irery  liit]  Rad  etcmipilete  al>frlracif  metbodicatly  imyig^d,  of  ibe 

UIPBiniENTS  AN&  DISCOVERIES  IK  THE  DIEDICiL  SCTEKCES. 

This  depdfimenlof  the  Joiir?>al,  **>  impuriiint  to  ihr?  prBcfi^^ing  phv^iif'ian,  i«  ib<?  obwetal 
l^nm  cid  the  EMirt  oftl^  ediiur.     It  b  dase^i^ed  lUid  i),rrai)g«d  untit^r  tlilterifui  btrndit^.  thu*  foa 
\Uir  n?*<?i5  rt^fi*"*  of  the  feeder  in  pur^tiit  t>f  »iiriiculiir  siibjecls.,  wiid  twill  he  fmjnd  (a  jw^arst 
tuJl  IV.  1  cliaeti  ofttll  obwen'Blioot^i  aiw^ovt'Tie^tWiid  iTiv  V-dl  in  finery  ' 

HiimIm  The  very  i»xteiQ»ivc  ftrrang«mcitu  of  the  ^  jcb  as  to 

cdiiur         ,         iiitttcrmU  (or  ihh  purpow,  kv  lie  nai  unly  regru. 

ALL  TUE  AMERICAN'  MEDICAL  AND  SCIENTIFIO  PERIODICALS, 

but  ftlMi  twenty  or  tfalrty  <*!  ih«  mop«  imporJanI  Jucrtial*  b?u*fd  iii  Gr*?fll  Britain  and  oo  fteCtfli 
oeni,  itiii't  ^nuljlmg  htm  to  pr^^tit  m  «  e^xiveDieiit  co(ripiut»  a  thoroujfh  isind  t?(jiiip|i?te  nli^tfiAiil 
evcryihmg  iuiere'^Mnjf  or  rn>|M.ft«ni  loihe  f>hy«icMiiii  occiiffin^  in  any  |>orl  L>f  tlw  ^tviNjFrH  vorid 

Tp  I (w: If  old  ^»i'  liiiveiit^en  on  ltw?ir  ljM*ft»r  ^wt*n^'  )-««». ite 

ptibliE^tierk  fi;el  m  «^'  «re  jicee^iirtry  J   I  nit   iho;4e   w  ePvlirtti 

|jr*t  time  lo  pub-c'       ,  ■  Fio  <?xertion  Will  be  «p&r«il  to  m  ■ v  Jo 

tbti  liigli  |Ki«UioA  whicb  t(  hm  uct.^upied  Jur  m>  luug  &  period. 


By  .  To  ibe  lerniB  it  WiJt  be  seen  thtii,  in  idditioit  to  thi»  lorp*  wnotnut  of 

Emit,  icion  on  p%*ctv  brn^th  ii(  juvdiejil  inienet;,  J  lie  E^ub»criber,  hfjmpag  m 

Bijojh  !,  wilbout  fufitcrchiirgej  to 

THE  MEDICAL  NEWS  AND  LIBRARY. 

iinoiilhly  [wrioilicfil  of  thirty-two  large  octniro  pngei*.    It^  <*  Nk:ws  Dkpartwkiit**  1 

curmnt  ijilurmntiou  of  ibe  day^  while  the  ^*  LiBitAKV  DtttrARTViMT"  i!«  devoted  to  pn*ealiiif  i 

mrd  work^  tin  v&rioiis  brunt he»  of  lomticine,     Wirbin  a  hw  yearT*^  futj?4"ribrrs  bave  T 

without  eijwni^e,  the  folU>winf  work^  which  bovt?  p^sed  through  its  columus: — 

V  X  rso\  s  f.Kr  ri'RKS  ON  THE  PHACTfCE  OF  PHYSIC. 

:  b  LEtJTUHES  ON  SURUERY. 

lAN'i*  PHVSlUUXilCAL  ANATOMY  AND  PHYSTOLOGT  OFlUE 

Ui'M   .-  L!.r  I  [  i  i:S  ON  THE  DlJ>EA*^Et^  OF  INFANCY  AND  CHXLOHOOD. 
:  WAUIAIGNE'S  OPKKA'n^l-:  SURGERY,  witb  wcJod-<5UU, 

FTMuX  :^  LBcTUKKi5  ON  i^ENEKAF.  PATHOLUGY, 

I  ■  r  OK  PULMONARy  Tl  !  ■  -IS,  with  wo^Uculs, 

■<  ULCERATION  OF  Tlii  III,  ajid 

f.iv.;v^  ill  ON  THE  SUEGiC-^L  Dl.-i.w  ..o  ^F  FEMALES,  witb  wood-cots. 
^  A\'E3T  OK  DISEASES  OF  WOMEN,  Part  L 

While  in  the  number  for  Januflry,  185^,  is  commenced  a  new  and  highly  imfMjftft^t  work. 

HABERSHON  ON  DISEASES  OF  THE  ALrMENTAAY  CANAt.. 
It  -will  be  «H;n  thai  ibts  treatiM!  covers  the  whotc  ground  of    ''     - 
wh  ich  f^^fli^h  «o  very  Imgc  a  port  ion  of  the  daily  pmetice  of  i : 
in  Guy's  HosptlalT  ond  the  fuct  ihat  the  woi-k  Ims  only  jnM  ap^ 
anlee  that  it  i«  up  to  the  houri  and  prornt.'*  the  mo^i  lAdvunc't^d  i  i^jjdLij.^i: 
cal  »cieiiot!t  whue  it»  Ibo/ouifb  pruclit,'^!  character  if^  pniuufL*?tcd  by  ibt^  . 

whieli  it  is  fouridedj  no  le#3  than  one  hundred  mid  !-ixiy-Ujree  Kieing  t^nf,?^  u , .  >  * ,  ^ 

diiiaili?!,  thfoughoul  its  pasfiin.  It  iii  thc'refore  hoped  that  it  wili  Iw  t'uimd  to  luHy  »nMmt«»  tk  ti» 
able  practical  charactur  of  the  wotk^  ht^retofore  pre  tinted  to  f*iib»er(ber«i  tli  rough  thit  totiim^ 

It  will  thuii  be  seen  that  for  the  Mnall  sum  ol  FIVE  DOLLAES,  pmd  in  advuiM  fjmtjr*** 
will  obtain  a  Quarterly  aud  &  Moiilhly  periodiei^l,  * 

EMBRACING  liEARLV  SIXTEEN  NUNDREO  URSE  OCTAVO  PAGES. 

■Hilled  to  any  part  of  the  United  Stiite<t,  free  of  po^time. 

The^  very  ttivornble  lertiis  are  now  presented  by  the  publisherii  wiih  lh«  view  <if  mmOf^ 
dUficidtien  mid  olm'fHion^  to  tt  ful^  ond  extended  circulation  of  the  MedteaJ  J.i..jrM».  t.,  r^^ 
every  member  of  tlie  nroiession  tkroughout  the  United  State*,     The  rapid  **x  >  nai^f" 

ue^  will  Oow  place  (lie  uuinher*  before  #ub»cnbet>  with  a  certdiirty  mid  ti\-  iiJi^' 

iitiiiuable;  while  by  the  system  now  propoiwd,  every  i^ubsicfiber  thmughoui  ihr-  L  muq  ^1^ 
uptm  an  eipial  footingt  at  the  very  reaKonable  price  oi  Fi\'e  Dollaja  f5r  iwo  u^ti&dkdt^iH^ 
tiirfiiet  eXpeUM.  *^  ^ 

Ttaoi^e  tub*criber«  who  do  not  pay  in  advaiira  will  bear  in  mmd  that  their  sT»h"(*riPtii 
I>o!liira  will  ooltlle  them  to  the  Journal  on H%  without  the  New^,  and  thut  they  wiil  be  iitl' 
of  iheir  own  po^taze  on  the  ret^eipt  of  each  ftumbei'*     The  ud^^antage  of  a  rriujtlaii 
ing:  ibe  Jottriml  will  thun  t>e  pppureiit. 

As  the  Metlieai  News  iind  Library  is  in  no  c«ae  tenl  wjthoin  adTmnoe  payinrnt  i^  i 
will  alw»«ysi  fect^ive  it  free  of  po^ifige.  *^^  ' 

llemlttiLnc^e&  of  ?ub*cf  kption*  cun  be  mailed  at  our  fisk,  when  a  €!efti||c«t«  js  ia;k«xtfroB  Ifcti 
miilti  thiit  the  money  is  duty  ijirfn^ed  and  forwaidcd. 

BLANCIURD  &  LEA,  PatuMW**- 


AND   SCIENTIFrC   PUBLICATIONS. 


ALLEN   {J.    MJ,    M,  D,, 

Vfott^tor of  Aomtmny  in  tbe  Pebnsjlvanin  Meitieu]  Cullego,  &c> 

THE  PRACTICAL  ANATOMIST;  or,  The  Stadent*s  Guide  iu  the  Dissecting- 

ROOM,     With  2tkj  illuE^ti^tioaB,    In  odb  bBJidsome  royal  12iiio.  volume}  of  over  tiOO  paf«S|  lea* 

thee.     $2  25,     {Jfist  I^su^.) 

In  lh«  orranpfcment  of  ihi?  work,  the  author  has  endeavored  to  present  a  complete  aud  thorough 
eouff^e  of  JU^L-liona  m  a  eloarer  and  more  a\lijliible  lurm  tbr  prnctical  u»et  than  1]b«  ^a  y^t  beitn 
•ecompli^bed.  Th<s  chapters  follow  eaf^  oiber  in  the  order  iu  which  diiiM?t?tion»  are  iipiialty  run* 
Aa^ird  m  ihifi  ootittiry^  aad  an  eaeh  region  U  taken  up^  every  detail  regarding  it  b  liitly  desieriticd 
ttrid  itlaNirDtcd,»<o  tbal  Ihe  ^Indent  i*iiat  inlercupled  in  Uis  ltt6or«,  by  ihe  neceasity  of  rei©rrm|jfrom 
oue  portion  of  tlie  volutnt;  lo  unolber. 


I 
I 


However  vnbtnbl^  majr  be  th«  *^  Diiiretor*! 
GutU«a'^  wbicn  we,  *if  rate,  liave  tind  mx-ait^i^n,  to 
ooUce.  WB  feel  cunfideQt  ttinl  (bo  Vfiftk  of  IH.  AiUn 
is  tuperiur  to  *tij'  of  them,  We  l>eheve  with  the 
author,  tbatnoue  i«  40  fidly  Mlu»triil«>it  at  tliiiit  nud 
ttievrrangemeDt  of  flie  work  ji  tiielt  iim  to  faeiliLMte 
lh9  lalhitH  of  thu  itudetit  iti  iicgmntif  h  ttutrtuif  ti 
praciicul  knowledge  of  Aaulomy.  We  mott  coifli* 
nlly  re<!on>tnMi<l  it  to  Llieir  attention ^'^Trcjrtf;^  £.04- 
e<l,  Dee.  la*a> 

We  brlitiv^  it  to  be  one  of  the  tm^Bt  yicfiil  works 
uiw>n  the  iubjt^qt  eve r  wrUtea  It  ii  JiMiitliomely 
liJuBErnrril,  welE  frinled,  and  will  \ir  fciiiad  of  con- 
VrnitDt  Aize  fof  u«(i  in  Lfae  4ljii««ctiiU|E-rooia>-«^iriitir, 
jE^^ai^i»>«f-]  Dec.  IS^tl. 


From  i'ro/,  J*  5,  Davh^  UnivirsHy  0/  fa* 

I  mm  Bot  ftdjunintrd  with  adf  work  that  atUimt  m 
fuUy  llie  object  Wbjieh  it  propoaei. 

From  C.   F.  Fanner,  M.  Jl.,  DtmonttratOTj  Vni* 
vtmitif  &/  Michigan. 

I  have  esnmlne«1  ib^-Tvork  briefly ^  bat  even  rbii 
eiiitniuatirku  luu  dipvini'cd  me  thnt  it  Uan  ejf  cellf  oC 
gojde  for  the  l>Lftio*ct^»f .  J  tji  iJilmitrttlitini  are  heiio- 
tiAiJ,  aqd  nj«irp  than  I  hiive  seen  mn  woik  tif  ihia 
kiod.  I  Mhsikl  lake^remt  plettiurc  in  rccionitienditiji 
U  to  my  cldL^fret  a^  tkt  Uxi-boak  0/  thi  duucung^ 
Tuom. 


ANALyTICAL    COMPENDIUM 
OF  MEBICAL  SCTEiNCH,  twutuming  Anatomy,  Pbj&iii]o^y,  Snrgery,  MHwifeiy, 

CheinifllryT  Materia  Medicft»  ThempenlK^s  aitd  Pramioe  of  MedHiie.    By  JmiN  Nkill,  M.  L")., 
wad  F.  G    SjhtHt  M.  Dt      New  antS  ealafgint  edition^  one  thick  volume  foyal  Initio*  of  ovet  , 
iim  pnfeA,  With  374  illuslratjoiis.    |y  i5e«  Nkij,!.,  p.  'i4. 


ABEL  CF.   AJ,    F.  C.S,   AND  O.    L,    SLOXAM. 
HANDBOOK  OP  GHEMISTUY,  Theoretical,  Pmctieal,  aDd  Teehnfcal ;  with  & 

EecomuitndBtttry  PrefiM!*  bv  Dr.  Hofmakm.    iu  one  large  ocnavo  voJumej  eiira  cloth,  of  rkfl^ 
witii  iUuatrattoaa.    ^J  25^ 


pu««s, 


ASHWELL   (SAMUEL),   M.D., 
Obitetric  k'hysicma  nnd  J^ctnfet  toGuy*»  HoBpilal,  Londoo. 

A  PRACTICAL  TREATISE  OK  THE  DISEASES  PECULIAR  TO  WOMEN. 

lllu^unted  by  Cafes  derivtsd  from  Hot^pital  and  Private  Practice.  Third  American,  (rtira  tlie  Third 
itnd  rev iBcd  London  etKitiuii.     Iu  oiie  octavo  voltune,  extra  clothi  of  528  pa^*^.     S3  00. 
The  rooat  Uiefii]  pmctiCJil  work  on  the  tub] pet  in  I      The  nont  nbte,  atid  certuinly  the  muit  itrnDdnrd 
the  tln^iiah  lio^guafe.  —  Eo*fon   Mtd.  and  ^lurir  J  and  praoticoilt  work  on  refiirtletliifiiMffi  that  wehava  j 
Jffmmah  [  jet  ai^cD,—Medicv~ChiTUTgitat  Rtvit^.. 


ARNOTT   CNEILDj  M.  D. 
ELEMENTS    OF    PHYSICS j    or  Natural  Philosoplij,  General  and  MedicaL 

Written  for  universal  u^se,  in  plain  or  donate cbnieal  language.  A  new  edition,  by  Isaac  HaYHi 
M.  U*  Complete  in  oue  octavo  vulume,  leatbeft  of  484  pages,  willi  about  two  bondrt&d  iliUBira- 
iicinn.    ^  &0. _ 
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BARCLAY  (A.  V^. 

AttUtaut  i'ti)fliriHU  Lo  St.  Crenrgc^A  lli>i|}kiil,  &e. 

A  MANUAL  OF  MEDICAh  DIAGNOSIS;    buing  an  Aimljsis  of  the  Sif^nf 

ntJci  Symplom^  i>r  Dij#«a!!€:.    Iq  oaa  Dea[  octavo  voE^umtit  tsstrn  ciuih,  oJ'  abuuL  4QIJ  piigi*i.     (iVdw^ 

Bulb  studentF  liod  pfuciiiu^iner*  have  long  fdt  ihe  want  of  a  work  clevt>teil  excJuftlvely  lo  thia  eat*  J 
po^it>M>i  4jr  Iha  c|eEtii[j<^  of  Diiij^nu?H.  Such  a  volume,  pn»periy  exticuied,  caettiut  fuil  to  jmivti  mi 
iuVtt^UMb|«  atJ^isiaut  in  lUe  exi^^nuie^  oi  duily  pracuiitfj  fnrnhliii]^  tbe  iiiriirmatinn  de^irvd  m  the 
Ttinii^i^iit*  in  the  furin  required,  aiding  to  ^otvre  cliJf^mjLiic.% and  lo  di-^enini'tati"  in  dunljilnli  ra^>.  nnd 
supplying  ?-itgire?^itonrt  ^tiit^ti  may  Ins  of  imporlanl  ^^rvicel^Mih  in  prftetiKoner  attd  piitunt.  M«re 
liij I l-T^idr  experience?  require?^  3H0  muny  yen.Tii  to  fumi^h  the  ^m^wtedi^e  reqni^^ite  to  ^uIl^  urid  tnpid 
iluigno^tp',  thut  lim  n-^e^LT^innu^  Jurni^^faed  by  a  treaiUe  like  the  pre^etiL  emboilyLMg  iho  re^nlt^ 
m^'b'diL-ally  arritnj|ts<^  yf  ten  yearsi  s^ervke  as*  repistmr  in  ft  targe  iiieiroputuuu  hu^piW*  durttigf 
Ifrhirh  Jiiore  than  tvvtsU'H  lbou>and  cai-e»  Were  cafeiolly  analyzed  atid  reeordtd  by  I  be  auibur,  c^h- 
uoi  but  prove  oflht:  tao^t  iiDpurLaut  olLafacler  m  l^ghieDlu^  tue  lubora^  und  rei^pou^iUilily  of  iJa^  phy^ 


BARLOW   (GEORGE  H.^   M.D. 
Phyaiciaa  tn  Gwy'i  Hti«pitnl^  Ltsndonj  &c. 

A  MANTTAL  OF  THE  PRACTICE  OF  i\lMI>[CINE      With  Additioos  by  B. 

F.  CoNDiK,  M.  D.»  author  of  '*  A  Praelioal  Ti^ati^ie  an  Die«ii^e(t  of  Children/*  ^c      [»  one  liand* 

ttoilie  iielMVO  voliiiiie,  leal  her,  ol  over  fiOO  piigv;^.     (4  «*!i«y  ti*ork,jttxt  i.wmd^  1856.)     $2  75. 

liVt  r<MM)intn«!nd  Dr^  |liirlciw'iMaiian.!in  the  wana-  i  will  be  fcnutttl  btirttly  Uit  uteftti  to  the  exrierifjncfd 

i^Hl  itiiiiiJUfT  u0  a  muAt  viihiiitdfi  vinte-iiifcuin.     VVe  I  iThyHicinOH.     Tlie  jVianriPun  nlitur  ha*  ailcteit  to  ilie 

hMV^f*  bniJ  ffequi;a(  t>ecu«i"a  tit  curisiilt  it,  wmd  h*VP  I  w^^rk  tJirr«  clmptrrH— i»a  Chidrra  Inraaluin,  Velbiw 


founil  11  flpiiti  concise,  pratrtjeal,  and  BOund.  It 
einmprirly  a  pmcTical  work,  cimtuintnp;  nil  ibnt  it 
AAfctiiJFLi,  find  nvinilkng  ua«^leAii  thetueueul  ^iKut- 
■iiifi.  The  wurk  itU]it>Me^B  whul  htii  b^ra  fur  vtmc 
time  wnntiTifp  a  iiumii]il  tvf  prjiirtti7r  tniit^d  uoipn  cnu- 
dern  iti»i*Mverieii  in  pwtholit^y  and  rarinnal  vjewt  of 
irentintnt  of  iliteaM.  It  i»  esprctaliy  mteadrd  fur 
the  Mie  of  ttuiteata  and  jumor  pructitionfln,  bul  it 


Fe?er»  Mrtd  Urrt!|>ri!>»ptnml  Mettin^ki.  Thtu  nUdJ* 
tioai,  the  twii  fifjit  uT  whicli  are  inditpehi-iLble  t<>  a 
Witrk  oa  practice  iJestineU  Tor  the  profejuniia  in  thift 
C4»ajitry ,  are  ejceet*n?d  with  |tf«?at  jud^mHht  nnni  fi- 
dt'lity*  by  Dr,  Cutidie^  whii  hjii  Nlati  tuei^fedi'd  itup* 
{»ilV  ID  imitniing  ihr  CHaei»erir*fl  nml  clearnisat  iif 
■  tyle  wliJiEJh  »rc  tiirh  aprritmhtf  (rhuractehiiMr^  <if 
the  orjfioAl  boulc.^ — £ottQiiMtd.  and  Surg .  JifurnaL 


1^ 


BARTLETT  CELtSMA),  M.  O, 
THE    [JISTORY,  DTAONoyiS,   AND  TKEATMEXT  OF  THE  FEVERS 

OF  THE  UNITED  STATES,  A  new  mid  f«vim;d  ediiion  By  Alqnzo  Clark,  M.  D  ,  Prof, 
of  t'aihiiU^gy  and  Fraulical  Medicine  in  the  N.  V-  CyHe§e  of  Phy?iicittnff  and  i5nrtfeon»^  &o.  In 
one  iH^tavo  volume,  of  *t35  hiinilred  pu^ett^  extra  cloth.  fiVDtff  Rtady,)   Price  $3  00. 


l\  i»  the  bi*it  work  nn  fevers  wlorh  Iiqs  emaaated 
UHi  the  Airierif^an  pri-an    (ihd  the  lueatnl  edilin  hrtt 

^frfulty  livailed  himnclf  of  nli  ii]ri>rHtHti>>D  cxmt- 

i^^R  op-ia  the  iubjeci  m  the  Oltt  uatl  New  VVurid^  no 
that  tbr  ilociriaeaailviiuced  a^ebnta^^hi  di»Wd  tu  the 
|iitt<'Ht  dtiie  iA  the  priij^reBH  of  tliiR  drE^Pirotirat  of 
Mpil^c^^d  &c:ieQce.^L0fit/cit  Sdid.Titfytx  aiLciGa2.itt4^ 
May  'i,  l!?57, 

Thiitejteellent  moao^rnph  na  frhrile  diu^aie,  hwB 
iliN^I  i^ltrbfrveilly  hi^h  since  Ut  firft  |>uLdieHtLnA.  It 
Wili  >c  m^cn  ihHt  it  hn»  aow  leached  its  fVnirHi  edi- 
Uau  fUMUr  the  iupervLftHm  of  Frof.  A.  tilnfk,  a  pea- 
tlemtiu  who,  frum  thi*  nature  of  hii  itudie*  and  pur* 
mn\*.  i*  well  cJcuhiieil  tn  MppreeiFne  nod  diBcusi 
ll]e»|]iuy  ititrkateaod  siitftcuJt  qaestioas  la  jjithu^ 


Ingy,  His  maantutiiitti  add  ntuoh  to  elie  iater^'gt  of 
the  wnrki,  iind  huve  bruiight  it  well  up  tu  I'Jie  ennUi- 
ti<ai  of  the  tejenre  at  it  cjiistA  at  Ihe  prfsenl  flay 
La  rrf^ard  t(*  tlcis  elass  of  diflensea. — S^uth^fn  Mtd. 
and  Surg,  Jourmalj  Mnt.  Ia37. 

It  rs  a  wrirk  nf  ^reat  pnie(l«iit  vqlae  and  iatereati, 
coDUtiamg  ninth  th'tt  it  aew  re  I  n  live  lo  the  prvenil 
discMsci  ui  vi^hjeh  it  trmift,  and,  with  the  tifklitJMfls 
tjf  ttia  ed  ilnr.  is  fa  I  ly  op  tti  the  tiin^i  The  iliMinct- 
ive  r^^atarei  nf  the  different  forajs  r*f  fevt^r  »re  pbiinly 
uud  hireiUly^  pmrtrayed,  tiad  Mw  lines  «>r  de(miri<.it  ma 
carefully  nntl  let'iirutel^'  driiwa,  nud  tii  tJte  Anjfn- 
etin  practilicaer  is  a  more  vnluBble  nad  nnff  i^nM» 
thaa  any  work  nn  fryer  ejitaat. — Ohta  Mitt'.  And 
Sitrg.  Jimrmaiy  May  ^  JbdT. 
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BOWMAN  CJOHN   £J,  M.  D. 
PRACTICAL   HANDBOOK    OF    MEDICAL   CHliMISTRY.     Second  Arae- 

riran.  from  the  third  and  reviwd  English  Ediiioa*     In  one  imu  voLuute^  royal  l2mo»,  extra  cJotJij 
with  itumtaroUH  dlUHtralions-    pp.  2ti8.     $L  '20^ 

BY  THB  SAME  ACrmOR. 

INTIiODUCTIOxN    TO    PRACTICAL    <!HEM1STRY,    mCLUDLVG    ANA- 

LVSlii     fc?econd  American,  from  the  second  and  revn^ed  Lundun  edition,     WiituynierquB  ditt^ 
IfaiKum.    in  one  m^ai  vol.,  royai  Vimo.,  esira  clath.    pp.  350     ti  25. 


CURLING    (T,    BJ,    F.R,S,, 

Surf  «>&  to  thfi  LrondDD  If  osfntai.  President  of  the  tiunte.  taa  SkKletT^  Ite. 

A  PK\GTICAL  TREATLSK  ON  DISEASES  OF  THE  TESTIS.  SPERMA-" 

TJ*.    <  -ORD,  AiND  :5CR0TLTM.    Seeond  Americau.  from  ihe  second  and  enianied  h  rs'li^^h  edi- 
lirMi      In  one  bund  collie  ooiavo  volume^  extra  cloih*  wilh  nijmc;roUft  itlu.*tiruiioti&.  pp.  42a,  ijrtjtt 

Ill  iJ*t*  revij«ed  En^'i>h  edition^  **f  which  this  \»  a  reprint^  ihe  author,  for  want  ol  upaci?,  omiileiJ 
tbK  Aio**"nMcij1  lutrtiduetioti*  By  »  more  conden^t^d  ^tyb  of  printing,  room  lia^  been  funnd  in  tJie 
br^^Mtr  v.K|iiiiie  to  fei*iin  thi*  imptirla»l  porUon  wuhuqr  renderings  ibe  wurk  iiiconveiiienrly  hirgr. 
Stniif  .a  ih»?  luHe^  iM  be  former  Ainerioitn  ediior  have  af^o  lieen  incrjfpiKfak'd.  fiiid  u  nnmbcf  of  iit-w 
liJn-'TrnnonF*  intr^^diji-ed  Wilh  (be*e  in i prove meut?*.  and  the  iboriHiKb  fuvisiuii  whu^h  ii  hHtsenjiiV*'** 
«l  <in  luiwh  of  tht'  amhofi  jt  witl  he  (mind  ftilly  worltiy  to  relitm  the  authoriiaiive  pcigitjuu  wt 
il  hi*"  «t*MiHi«d  viriih  regttrd  lo  Ihis*  cla»^  af  iiJfeetJtMi«. 
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CARPENTER  (WILLIAM   BJ,   M.  D.,  F.  R.  S,, 

EzARuncr  m  PliyHJnlof  y  and  GnmiiArative  AE]&E:Hiniy  iu  the  Uai varsity  uf  JUuodoa. 

THE  MICROSCOPE  AND  ITS  REYELATTONS,      Witli  m  AppeDdix  con-' 

Utntng  ibc  A  ppticHiions  of  I  he  Micro^copt?  to  Cliiiioal  MccltciiTie.  ^o.     By  F.  G*  Sikth*  M   D 

IlittMr^tii^d  by  lour  himdred  mid  lliiTly-ltJijr  ticiaulitul  engraving*  tm  wthd.     Iu  orte  large  iiti*l  vcf*" 

hutdiMitne  cK^lavQ  voiumej  of  724  pagep^  ejtlra  eUnh,  H  00  i  leathefi  S4  30. 

Ur*  Cflrpenler'si  p*j*mon  a*  o  micropcopiiji  wjnJ  physiotijgjfti,  and  his  i^rt'ai  experien**  u»  n,  leacljer 
emJiieriily  ftiaulify  uim  (o  produce  what  Imii  Umg  bt'en  wanted— a  good!  texl-book  on  the  pfActicul 
uH4i  of  the  microscope.  lo  ih«  pret^enl  volume  bis  objetti  htu*  betfn,  as  sialed  io  hb  Trrtac^^  '*  i^j 
c^imbihCi  wilhifi  a  muderaie  c^iinpa^^t  that  iiifortnntion  with  regard  lo  the  ue^e  of  his  Mwits'  ^t'liich 
ift  mo?l  eBMJniiat  to  the  worJ(iiig  miurtisoDpisi,  with  fiueb  an  »eeoum  of  the  djject»  be*i  fm^d  lor 
hiti  (iUidyt  t^  liiigbt  qualify  biiu  io  comprehend  what  he  ohHen-^eiij,  DEid  ntigbt  tbusi  prepare  him  to 
lienffii  s'ojence,  whilst e:itp»mfmff  awd  refre^kiivg  his  own  mind  '*  Thait  be  n^A succeeded  In  ai-eoui- 
pli>hing  ihi^t  no  OEie  acqoamtej  witb  hi*  previous  labors  can  doubt. 

The  greul  ijnpo nance  uf  tbe  micfoj-f  ope  a?  a  inean;^  of  diagno^i^,  and  the  number  of  mjcro^ico- 
pii-is  who  ire  nf*io  phyTJeian*,  have  induced  the  Ainenean  publiiiliep?j  with  the  BmhurV  appruvai,  Iq 
adct  un  AiqiendU,  enrefufly  prepared  by  Prole^tor  Sjnith,,  on  the  applicutionBi  of  the  Ini^li-uiiieut  to 
<:r1inicftl  niedieinCj  togi'thtjT  wiih  m\  account  of  Ameriean  Miefo#-e^ipeN  their  moditicatjuns  and 
aece^f^iriea,  Thtti  poriion  of  ibe  work  a^  il^Ufitritted  wiih  nearly  one  hnridred  woud^culv,  ind^  it  i» 
hoped,  Will  »dapt  tbe  volume  mort?  pariirtidafly  to  ihe  uw  of  the  Afnerii'iin  fdiident* 

Every  cure  bii#  been  taken  in  the  meehanicnl  e:ieeution  of  the  work^  which  ift  confidently  pre- 
sented as  in  no  respect  inferior  to  I  he  i'lioieent  prixlnctionft  of  tbe  l^ndon  pre;".*. 

The  mode  in  w  hich  the  auihur  has  exeouled  niH  inientions  may  be  gathered  from  the  following 
condetiBeil  ^ynop^ig  of  the 

CDNTEMTS, 

IwTttODUCtiON—tlistory  of  the  Microscope,  Chaf,  L  Opijciil  Principle*  *A  the  Microxeope. 
Chap.  II.  Coii&i ruction  of  the  MiLTii^cope*  Cmap*  HL  Aeoei'^ory'  Apparatus.  CiuPh  IV. 
ManDgiemetit  of  the  Mit-rot'Ccjpe  Chap.  V.  P re jMi ration,  Mount ing,  and  Cohectioti  of  Ubjrct!** 
Chap.  VI.  Microscopic  Forms  o|  Vegetable  Life — Prolopbytei.  Chap.  VI L  Higher  Cryploga- 
mia*  CnAP.VIlL  Phanerogamic  Plunla.  Chap.  IJL  M]Cro*erspie  Formf  of  Animal  Ltfe— Pro* 
loaroa— AnijiiatfuJea.  Chap.  X,  Foraniintferw,  Polycysilinai  and^pungea.  Chap.  XL  2oophvte». 
Ctiap,  XIL  Eehi hotter mata.  ChaI".  XlIL  Polyaoa  and  ComptniTid  Tuntcata*  Cbap*  ilV, 
MuUu9C!ous  Animab  Cieneratly.  Chap.  ,\V*  Annulosa.  Chap.  XVL  CniKiacea.  Chap,  XVI L 
tuNfCii  and  Amcbnida.  Chap  XVIIL  Vettebrated  AnimuU.  Chap.  XIX.  Applications  of tho 
Microscope  to  Geohifry.  Chap.  XX.  Inoriprntcttr  Mineral  Kitigdom—Polarizat ion.  ArriE.^DUt. 
Microscope  aaa  meantf  d  JLiiagno?ii» — Iiijeciioniik^AIicrufreojiet  of  AmeriiMm  Mauufaeturti. 

in«licAl  wt»rfc,  the  nddi^tani  by  Prof.  Smith  give  it 

n  poiitive  fxlmm  npna  the  profFHii 

d^'ultt  Hilt  lie  will  receive  tlicir  tinceff!  ilmnkfe 


Thnmfi  whn  are  neqanintpcl  wiih  Dr.  Cnrppnter** 

firrVilon*  writinjit  im  Ainmnl  iiniJ  Vf  j^ptAl*Eo  Phvsj«- 
4tff f .  wil  I  fullv  uiiderfttnnd  h< >w  Vftit  a  »tore  of  ki>*NW-  I 
ledge  he  t»  nhfe  la  hf  iiig  Ut  btt^r  vptm  mo  ctimprehco- 
flivfi  a  iahj(!ct  am  tbe  revrtatinnA  of  tJ^ic  inir^tiifleopc!  \ 
»ml  wen  tlKiBe  w^ho  have  no  ji  rev  tout  aequiiiiititiioe  ' 
with  thit  coiiiirtirtirm  cjr   mci  of  tbin  jtialriitiifta, 
will  find  AtfuniJaziFeof  iarnriDati^m  coovcyMt  in  cltuT 
ftAJ   limp  I  e  tajisuag^e. — Mid.   Time*  and  Ga^etl*.\ 
Although  origmally  not  iateaded  aa  m  atrletly  [ 


Hiicin,  for  which  we 
itt- 

dc'tt},  wc  ktinw  not  whifre  the  itinlcr;'  •*  r  ^  ino 
will  l^nft  jiMrh  II  conjjilc-Tc  mnd  tnXluU*-  <.<  n 

of  itii^Tfiieopii?  ffurii  hpannir  upnu  f.  nj. 

pructiiCul  iiii^ilieifin  «■  ii  eimtnined  iu  i  irn.  .fi;.iLj^t'« 
Mpppudlx;  Hi]4  ihiv  M  ittrUf  it  kfeim  In  ui,  i*  fully 
wnrtb  tiio  enst  uf  th«  vatam^.—L^HUviiti  MtdUml 


MV  rmn  uMi  Airmoii. 
(BLEMENTS  (OB  MANUAL)  OP  PHYSIOLOGY,  rNOLlTBTXG  PHYSTO- 

LOCfICAL  ANATOMY*    Second  Atner  I  can,  from  a  new  and  revised  London  ediiiou.    With 
ime  hiiudred  <um1  ninety  illuiitratioafl.    In  one  very  handsome  octavo  volume,  leather,    pp.  506* 

Ifi  puhlishing  the  firrt  edition  of  thii*  worlr,  its  title  was  altered  fn>m  that  of  the  London  vohimei 
hy  the  »id><tMtiti(m  (if  the  word  "  Efcnlelll^'"  fur  that  of  **  Manual/^  and  with  tbe  aiithur's  ^nnrlion 
the  title  of  "  ElcmeutB'*  is  6ltl|  retiiTiicd  »h  tietng  more  eipfc^Mve  of  the  scope  of  the  treatise. 


To  uy  that  it  ta  the  beit  maoaAl  of  PhyiUdogy 
nc3 w  hafuri!  tbe  putilte^  wouht  ntU  Jn  iBlFieimt  jaiiica 
py  thenathfif.— ^wjfiftfi?  M^iiieAl  Jewm^t. 

tn  hia  fonarr  workt  it  wouUI  teem  that  he  had 
«xhaatted  l}i«  iii1ije4^tt>r  Phyiii4j|(!|ry.  Id  the  preaaat, 
he  givtm  itieeiKnce,  u  il  were,  of  tke  wbo^^— JT.  T. 
JuMTMAi  ^Mtdi€in«, 


TboarwhD  have  ftepaiiom  for  an  eJemfntarF  trea- 
tiae  f^u  Fhyiirik>g7,  eaatiut  do  bptier  tbun  tiipoNieat 
ehemirlveiof  the  uuLUDaJof  Dr.  Carpeater, — Midie^i 
Rxamitur. 

The  ttvit  tad  moit  emaplete  expoai  nf  modern 
Phyi»olf»gy»  m  one  Tnlrtme,  ejitaat  in  Ihe  Bagliab 


BT  THK  SAKt  AtTTHOm.      (Ptfpiirin^.) 

LPHIN0TPLE8  OF    GENERAL   PHYSIOLOGY,    INCLITDTNG   ORGANIC 

CHE>.USTliV  AEJT>  HISTOLOGY.    With  ■   General  Sketch  id   the  Vngctahle  iind  Animal 
Ktiigdi*ni.    In  one  Iv^  and  very  baiid»otne  octavo  volume*  with  several  hundred  dJuAtri^tiijfta. 
TiMJ  •ubjecl  of  genera  I  phys  J  olijigy  having  been  omitted        :  i  odilinuji  i>t  the  atn:.     '        '  m- 

E^rmiiv«  Phyaiology"  and  "Human  Phy?^irdogv%"  h«  h:  -n  to  pn^iirim  it  \  ,h 

ahali  proMnt  it  more  thoroughly  and  fully  thaii  itu»  yet  U  ■  •  ^  ,  d,  aiid  whith  tm  ; ^_  Jed 

la  ut  inlrodtiction  Ut  hk  other  flfotka* 

I A  PRIZE  E83AY  ON  THE  TT8E  OF  ALCOHOLIC  LIQUORS  IN  HEALTH 

ANU  UISEAS?E.    Kew  editinti,  with  ti  Preface  by  D.  F»  Cos*tiTi,  M.  D*»  and  e*^aiiatWt»  at 
icientiik  words.    la  one  ne«(  iSfmo.  Yotume,  t%m.  eWih.  ^.  Vl%.    ^  «e^^&v 


I 


CHURCHILL  iFLEETWOODI,  M.  D, 
ON  THE  THEORY  AND  PRACTICE  OF  MFDWH^'ERY,  A  new  AraerieaD, 

from  Eh©  liunnnd  improved  Enpliwh  edninn.  ErHted,  with  Ntites  mtd  Addilion»»  by  D*  Fhahcib 
CowDt«,  M.  Dm  duthor  of  m  »' Practical  TreatiMj  cm  ihe  Ui6«Bj*eH  uf  Children,"  &c  With  139 
tit  list  rat  I OQB-    Id  one  very  biu]d5om«  ocuvo  voiumef  leuibtir.    pp.  510*    t3  00. 


Tu  bealDW  pnLiie  on  a  boi>k  that  haa  frc^eivH  tueb 
mil  rkf.it  niiprohiitlnii  would  be  iU];iprl!iit^ut.  We  nrei] 
OKly  iny,  thprflfare^  thnt  if  Ihe  fimt  e^titiinn  wcii 
thHOj^ht  worthy  nf  a  fuiroriitbli;  fecpptltm  by  the 
Diratcui  public,  w«!  cah  «onfideQlh'  amrm  Ihat  111  it 
Will  be  fuuud  much  mure  io.  The  lecturetT  the 
pruetitioDer»ap.d  the  atmlent,  niny  all  have  recourkt* 
tp  it*  piiilt^B,  ftnd  derive  from  iUfr'n  ppruisil  much  iu- 
leffial  hmi  irminjctii^R  in  everjlhinpi;  rrhitini^  tn*  Hicu- 
rvticfl!  fltiid  practkiil  mlEtwifery.— iJwdhtt  Quarttri^ 
jQnrnat  of  Mtditat  Scifim. 

A  work  r>r  Tcry  f  r«at  mprit^  and  meli  aa  we  cnn 
efmGdently  Tcoommend  tii  the  f  tndy  f>f  every  ifbato- 
tfie  tifaclititiner.— Lflarfan  Medital  GaxtiU. 

Thii  ii  certainly  the  taoit  pcrfcpt  lyittem  extant. 
U  ii  tKe  heat  ni^a^led  frir  the  pqipoiipi  of  a  text- 
hrKiik|  anil  thnt  wiiicH  he  wliixe  oeecuiiici  ermine 
hi  in  in  one  book,  ihndld  ■cltel  in  prr  jVrence  to  nil 
Othcrt^^SoiitAefii  Mtditai  and  Surgimt  Journal.     \ 

The  mnst  prtpdlar  work  no  midwifery  ever  JBiged  , 
front  ttie  Am«ricaA  pT^vt.—CkarUstQn  Mtd.JaurnAl . 

Were  W6  redacerf  to  the  accenity  of  having  hut 
Ofiff  wrtrk  on  midwifery,  and  jMrmittrd  to  fhoost^\ 
we  would  un hea i tilt i ng:I ^  take  Cb ii r c lid L —  WtiUTnl 

U  ii  impoiiible  to  cttncetve  a  mrire  uaefii]  aad 
elegant  manual  than  Dr.  Ctiun-hiiri  Practice  of 
Midwifery. — PTflttrtcmjf  Meditftt  J^fumnL 

Certainly,  in  our  opinion,  the  v«Ty  best  work  od 
the  inbjcet  wJiJcU  exiat*.— iV.  Y.  AinmaiUt*  \ 


No  work  holdi  a  h  If  her  poiitioiii,  or  ii  more  de- 
»ervtit|:  of  bein^  pi  need  in  the  handa  nf  tJo*  tyro, 
the  advuneed  atudent,  or  tbn  praatititmer. — Mediem 

Pr«vto!3a  edition!,  under  the  ediLnrijil  auperHiion 
of  Pfof  R.  M,  lluBtod^  have  been  re(?«ived  with 
intirked  favor,  anii  they  deacr^fid  it^  but  thit^  r&- 
primed  front  a  yery  late  Dublin  edition,  (*iirefully 
mriitt^d  and  hronf  }il  up  by  the  author  to  ilif«  prrarnt 
timc;^  doci  preient  an  unuaually  accurate  »fn{  al>|« 
eipinUioii  of  every  intportuiit  particidar  ciuliraceU 
In  the  df;partoi<' HUH"  midwifery.  *  *  Thectr:irtiF:ii(, 
dircirtneaa^  and  precjaion  of  ita  te4icbin^HY  tn^f^rhrr 
with  thtgr tat  nmount  iHifttatittici^l  rci^Nireli  which 
ila  text  exhibitH,  bftve  aeryed  to  place  it  ylf*?ady  ia 
the  forein^^Bt  rankof  worka  in  tbia  de|Nirioicnt  ^if  rs- 
mediaJ  aclcnce. — iV.  O.  M^d.  amd  Sutg.  Jvurnat. 

Ja  onr  opioUin,  it  formi  out  of  the  beat  if  not  the 
very  beat  tcil-fefHtk  ami  ppitifmeof  ohal'-trio  tcicnt'e 
winch  we  «t  ji resent  poitafiiH  in  the  Rngtiah  lan- 
guage.—Moat  j^iy  Jo  itma  J  Ii/  Mtdicat  Sc^kf*. 

The  clervmeai  und  preciiion  of  atyle  {a  which  it  ii 
written,  and  the  j^reatamnuntof  atatiitical  reaeareh 
vvhicb  it  contuitiB,  h»ve  i*r%  rd  to  {ijaeeit  ia  ih^  firat 
ranknf  worki).  in  thi*  department  of  tnodical  icicDce. 
—  N.  Y,  Jomrnal  of  MedUiiu, 

Few  Ireatiiea  wiU  he  found  hetter  adapted  aa  a 
te3t.t-bouk  for  the  atudent,  or  an  a  mnnual  for  the 
frequent  eoattiltittlon  of  th«  yoiut|;  tiractitto&er,^^ 
Amsricin  Mtdicai  Jonmai^ 


9T  THS  SAUB  A.^THOS..     {J itit  Issued.) 

ON  THE  DISEASES  OF  INFANTS  AND  CHILDREN.    !?econd  American 

Edition,  revtiwd  and  etilarged  by  Ihe  author.    Edited;,  with  Note*,  by  W,  V*  K&ATJNa,  M.  U.    In 

one  largu  and  batidtKJinjB  vuluniCi  extra  ctiHh,  uf  over  700  pa^s.    S^  00,  or  in  leaihePt  93  '25. 

In  prtjpuring  thi»  work  a  second  lime  for  the  AriieKcan  profession^  ibe  author  ba-*  f^pared  no 
labor  in  giving  it  a  very  Ihoroujfh  revision,  introducing  several  new  chapt^^rs  and  rewnling  oiher*^ 
while  every  fKJrtion  of  the  volume  baa  been  s^ubjecled  to  a  severe  *.pruiiny,  Thtj  efforts  of  the 
A t^ieri can  editor  have  been  diieeied  lo  j^upplying  (tych  inforijiatioiv  febitivis  to  tnntlerA  peciilior 
Id  thia  country  as  might  have  escaped  the  atieiitioo  of  the  author,  and  the  whole  may,  ihei*e* 
fore,  lie  safely  pronounced  one  of  the  mo^t  compleie  wt?rka  on  the  stibjein  accessible  to  ilie  Ata»e- 
ritmn  Profession.  By  an  alteration  in  the  »Jze  of  tbe  pa^,  tbsfe  very  extent ve  addilionif  bava 
been  accoratnodaied  witbout  utiduiy  inoreasinf  tbe  ^j»o  of  ibie  work* 

A  few  noUces  of  the  former  edition  are  tiubjoined : — 

We  rerard  thia  volume  aa  poateaainr  more  clainia  I  The  preaeat  volume  wilJ  tuataia  the  repatition 
to  completeaeia  than  any  other  of  the  kind  with  |  acquired  by  ttn*  author  from  hit  pruvlou*  worka. 
which  we  are  acquainted,  filoat  cordially  nad  ejir*  {  Tbe  reader  will  find  in  it  full  and  judiciooa  tlirce- 
o  satly*  therefore  J  duwceofnmr'iHl  it  to  our  pr^ifeaHion-  ti<mt  f<>r  tbe  mitnH|^«*meat  of  infanta  at  birth,  and  a 
al  bri*thT(!n,  and  we  feel  a»»ured  that  the  atnnip  of  ;  eoinpendi<»uflf  but  cIcmt  neconnt  of  the  ^ip*^Jiifci  lo 
their  approMtion  will  indue  time  be  inipreiteU  upon  '  which  children  are  liabte,  and  the  moat  aucreaifdl 
It.  After  an  attentive  perutat  nf  ila  content*,  we  j  m[>ile  of  treatin*  theoi  We  mutt  ant  cl^iae  thia  n«v 
hetitate  not  to  ny,  that  it  ii  one  of  tbe  moat  cum-  |  tice  without  enhin^  attention  to  tbe  author^!  ttyle, 

Sreheaiive  e?er  written  upon  the  diieaiet  of  chil*    which  it  pertpicuotiK  and  pollthed  to  a  devree^we 
raOf  and  thnt,  for  copinuaairttof  refeTenee^ententof  I  regret  to  lay,  not  f  roierally  chamcterittic  ortniMlicat 
'  ■  -  .        .     .  .     -       vvttrka.     We  reeomniead  the  work  «if  Dr.  Churebill 

moat  cordially^  both  to  itudenta  (iud  practiiinners, 
aa  a  valuiible  na4  reliable  guide  in  the  treatment  of 
the  diaca«ea  of  childrefi. — Am.  Jitvr*.  fl/  tk*  Med. 
Stitnett. 

We  know  of  nn  work  ou  thii  department  of  Prac- 
tjenl  Mfldjeine  whleh  pretentt  to  candid  and  unpre- 
judiced a  ttatemeat  or  poating  np  of  our  actaal 
knowledge  aathii. — N.  Y.  Jourmai  of  Midietm. 

Ut  claim t  to  merit  both  aa  a  ic rent i fie  and  praett- 
cal  work,  are  of  the  highett  order.  Whilat  we 
would  not  elevate  it  above  every  other  trea tiae  on 
the  mme  tubject,  weeertainir  believe  thiit  very  few 
are  ectaal  to  it,  and  aoae  BU|;)erior.^£piiiAent  Mtd, 
and  SMTgital  /^iifn^l. 


ruoifeh,  and  penpieuity  of  detuil,  it  ia  aciireelv  to 
be  e<|aalled.  and  not  to  be  cjicclledi  ia  any  laa- 
fuafe.^ — Dmhiim  ijlmarurlf  JovmaL 

After  thia  meagre,  aad  we  know,  very  impeffeet 
notice  of  Dr.  Ghurehill'a  work,  we  ihnH  conclude 
by  laying,  that  it  li  one  that  cuniiut  fail  from  itp  co* 
pifiuenevR^  rstenilvo  reaearch,  nnd  geaernl  nccurnry, 
to  ejxalt  Btill  higher  tbe  reputation  of  the  author  m 
thra  eonniry.  The  American  reader  will  bef*arlren* 
Urly pleated  to  find  that  Dr.  Churchill  haadone  full 
jujtieetbroagbi'ut  tiltwurk  to  the  vnrtont  Amcricun 
autbora  im  ihit  Aobje^'t.  The  nnmea  of  Deweea, 
Eberle^  Condie,  and  Stewart^  fweur  oa  nearly  every 
lAfBt  and  Uiete  AUtbora  are  constantly  referred  in  by 
the  aalKor  in  terioA  of  the  bi^heit  pmiae,  and  with 
I  liberal  courtesy  .< — Tki  Midica.i  Exttmrntr. 


BY  TRIE  SAKH  AUTBOE. 


ESSAYS  ON  THE  PUERPERAL  FE^T^R,  ANT)  OTHER  DISEASES  PE- 

CirLlAR  TO  WOMEN.     Sele*;ted  from  the  wrilingtof  Britbh  Aiitbor*  previmij*  to  ihe  i-lose  of 
l^  Eighteenth  Oenlury*    In  oa«  neat  ocmvo  toIuiim,  «xim  doth,  of  nhovd  410  pogiss,    12  50^ 


BLANGHAED  Ar  LEA'S  MEDIOAIj 


CONOIE  (D.  WJ,  M.  D.,  &c. 
A  PRACTICAL  TREATISE  ON  THE  DISEASES  OF  CHILDBEN, 

«dil  14711 »  mvi»ed  aut!  iiugaTtent«l.    lo  one  large  volume,  Svo^,  leulher^  of  nearly  750  pagei. 
From  fwx  Airrwo&^s  PumFACs. 

Th«  4«mftnil  far  iinothf*r  Hilton  hoit  a^urded  the  author  an  apportutiity  orAgmin  sub, 
entiw  irvatiii«  lu  a  cbwIiiI  rrvmun,  ntiil  o(  mcoqioraimg  in  ii  evt-ry  tmportafll  ob»«rT«(jii«  i 
unce  tJw  Rpfpenrancci  of  tlw  la*l  *dJlioa,  tn  rclervnoe  to  the  palhoLqgy  and  iiierapeulica  of  Ube  i 
ilijvM*r4  ttf  wh^oll  it  trval^. 

Ir,  ..ii^tum  ol'  the  preMi'tit  edif  ioD,  aK  in  thoi«  which  h&^re  preceded^  ^Rrbile  tJle  i 

»l>j.  ^  Ivia  ii»  cvpry  imiioi'tmil  faoi  rhat  he  has  fa  imd  reeofdecf  Id  the  irarkvMf  c 

J;ia\  ii  lii'iirinE^  tjimmi  eittier  of  the  ^uhject^i  of  "whji'h  he  treat!!),  and  the  aumermtM  i 

cili9<?ii.uiitiJk>— i  '  «>(*  well  as  iirat'timt — dii*pen!*d  thruiighuiit  the  pa^ft  €kf  the 

jimniMtf*  of  Ewi.  ^  rifa,  he  hai^^  neverihele-jis  reJied  t'liieily  iiptiii  bt»  own  ciIi$«rTmti(i 

exmTJnHr,  ticijLL,,t ,,  .1,.,  ,1,^  »  ti>ii{r  ^tid  puniewhal  extensive*  prMic*ri<.«,  and  under  eircym»i« 
(junwrly  wrll  ndnpNsi  (or  I  he  Hink'ul  i«iudy  i*f  ibe  diwetse*-  of  early  I  if??. 

M\  r  rv  I'lrKrc  jttt  lif  hyp^i^thetkniil  r&a»ottmg  baa,  an  mucb  ttf*  po&^ihle,  tieen  avoided >     Tbeutt^or  hMJ 
it  ihfougliutit  tbc  work  ici  con^ne  himi!*lf  lo  a  fimpW  ^t»tt?meiii  of  wirlUaftDenaiiifd  |«!to- 
.  !»,  mid  plHia  therapeutical  dirfMCticmia — hit  chief  de.^ire  hemg  lo  rcmder  it  whii  i!«  tJlit  I 
....^    , :    .1  la  be,  A  i-KAcrtCAit  TmsATiftz  on  twe  di&eakes  of  cuii^iLfn. 


Dr.  Crmdif"!  iflinlitilitpt  mcnmeii^  tfiddtlry^  aad 
prnf  lirtiL  bciisc  nre  ifiAnircktrti  m  thii^  at  la  all  hii 

Takfu  nBM  whol*,  ia  imr  juilfmpQU  Dr.  Ctifidlv's 
TrMliB*  It  thf  onr  fr«iiin  th*  {t^ruviil  (if  wtiirh  Uic 
pr«eliit|imfir  iQ  1liii4^uu]itr>  Will  fiir  with  rlit  i;rtiit- 
F»t  MiiAfiic: ticca. — W**i«fn  Jvmmni  «/  M'^TfcuH  aihl 

Otip  uf  IKf  li«at  worlli  vpffit)  the  Dtflmtei  of  Chil' 

Frihiipt  ilip  irififltfull  taii  coiBplr'te  woilf  now  b*- 
fore  the  pri'firtBiiia  tjf  ihe  United  Staiea^  jinJetd,  we 
may  t«T  in  th«  EAglivh  UnfUBge.  It  li  vnitty  iajMi- 
ru^r  111  Piual  of  U>  pre4le«euon. — IV«ijyJea«4a  Jlf^. 


W(f  f^el  auurcM)  frnin  aetu a1  exTierifset  Itot »  1 
phyiii^iMa^i  Librmrf  eau  be  compl^'tc  wtik«i«il««qf  ' 
of  Uia  work.— AT.  Y.  Jnurtmi  0/  Jf «tfft«M. 

A  veritable  iwdLalrie  raeyeltvp^P^***  •»*  W*** 
tn  Atperieaa  inedieal  lilentare. — C^Mp  JftOiialaai 

feuion  wift  tmia  re([ard  it  aot  iml'r  at  a  vwrygMit 
but  a*  the  vaaT  bmt  **  Pfartieal"  Tr«tJ»  m  ttt 
Ilisfiitt^t  f»f  Childrea.** — ^irMrie^ut  Jtf*d(ifaf  Jbaimf. 

Ws  prfjiirmai?vd  the  fint  cvLieintt  Id  be  ifca  in* 
wnrlc  uD  the  diteatea  of  eJbildres  la  Dm  B^ttM 
liDguage,  and,  notvrilbstADduif  all  lltat  bu  »■• 

SvVtiihed,  we  ttiiJ  rega.nl  it  ia  tMl  Debt 


CHRIST1SON  (ROBERT),  M.  O.,  V,  P,  R,  S.  E.,  &c. 
A  DISPENSATORr;  or,  CoiDmeutary  m  the  PbarmacopoDias  of  Great 

■fi.^   '     •  ■     ■,  [i  Stnlesr  et^mpri^iii^  ibe  Natural  Ubtofyr  Description,  Cbemi^tiy^  Ph. 


i  i)i>f^»  of  the  Arfjele»  of  the  Materia  MedJea*    Sieoiid  wfiiion 
it  Supplement  Cijiitniiimy  the  mm\  Important  New  Remedies-     Witb  .    ...  _ 
ipui,  aud  iwi>  hojidred  utd  ihirteea  large  wiKmJ -engraving.     By  Ji.  EolksfkU>  GKiFim, 
111  one  imqr  i-tusv  Bad  haodsocne  octavo  vi>liiiuei  leather,  raii<d  baud^,  of  over  1000 


I 


It  ti  m«A  IftidriJ  thai  w«i  ahoahl  e^ympare  it  with  th^  braarh  of  kacfwledge  wbiek  the 

the  <;«thvr  phar— CBpiliai  cztaat,  whi^b  rajny  viil  n^lit  tu  rxpecl  in  tuch  a  worfc,  w««ii 

»rrit  tfct  e««f4nee  «f  the  prt€*«iici«  :  it  ii  enougli  miE^ti  h»i  eieaperf  fter  eeratiitr .  1ftr« 

%»  wjr  that  il  apiKara  Ci>  ut  tt  perfeet  at  a  Divpt'iif*'  Qies4  Uij<a  ururk  m  ueh  o^  amr    .  „  ^ 

|0ey,  la  tbe  prewat  ti«if  oi  piianujic^uLicMl  icit^ce^  of  a  DLtp^anKny.    Thef  e^ajinot 


li 


If  it  fimjti  uiy  dFULiltpertaiatitf  to  I  brltern^ 


ratirni  Jm  mrm.  e/  JtEadt«tiiw  Mi4 


COOPER  (BRANSBY  BJ,  r.  R,  S. 
LECTFRKS  ON  THE  PRXNCIPLES  AND   PRACTICE   OF   gUBamf, 

la  nae  very  l^f^  ocmvo  voluiiie,  estn  eloihi  of  750  pagea.    $3  00. 


OOHrail  ON  DT^LOrATlON?  AXD  FRAC- 
VMtBOW  ¥<HKiOE\T^  -.i:4]tHi  by  BajixaiT 
8.  C!i««r^»  F.  H  !^  ,  &T  WiTh  ■d^mnaal  Ob- 
■prvatirvft  h^  PnW'.  J.  C.  WAaams,  A  aeif  Ame- 
nf«a  rthLi^^i.  Id  i*ae  bnaJfr^mt  oetmTo  iroliinie, 
vittm  eima,  oT  « host  Sou  r»f««T  wi(b  aniueroat 
ll>>aiialtiiaiiii  n  ir'nf     W^M^ 

COOPRR  ON  THE  A%'ATO«T  AND  DISUSES 
or  TOE  aRKAST.  wtt^  tw»ati--&te  MiacclJAae* 
«a«  mmA  B«fSb9al  f^pef  1.  Dae  larte  v«tiiiBC,  itn> 
Mftai  Bvos  B^m  doth,  with  m.  if  area,  oa  3i 
flaftm.    «t  ». 

OOCmBK   OX   THE   PTRrCTrRK  A%T>  Pl^ 

^BSiSS  OF  Tlie  TE5*TIS,  A%-0  tl?i  THE 
TVYMr^  GUANtK  O^  »ol.  Hapetial  sjto  .  ca- 
ttmc)«>i^,wiihm4f««a«ttWpl«lai.    Sa  fu. 


COPLAXn  OX  THK  CAUSEfL  KAl 
TREATMENT  OF  PALSY  Ami  . 

I&  oae  Tolttiaef  royal 
£«Beefiu. 

CLVWKR  f>?t  PEVP.RS;   TIfKiR  t>lACIl( 
PATHOLOGV,   AXD    TREaTMKTT 

oetaro  volume,  leataer*  cpf  400  yy*^      ft  I 


C "'  "■  \T  DE  L'lSERS  ON  TBK  L 

ALE9,  iin^l  Oft  lik«  arnvMl  Mf 

Timatlai^.  with  i^m^  3I« 

^,r;.m,   t^f  a,  D.  hUiat,  M.  O,    fttami  1 

rertHt  astf  iiapfi>pe<l      ta  tim  UtM  t^b 

I     aiTA^  leathcv,  wtth  auwM^a  wiiiJiiwfci^ 


BY 


K>v' 


CARtOfi  (iA«*»Mi- 

r  ef  Mliatla  lieiliem  —4  Phi 

OF  TCK  COURSE  01 

» ....V.ilACY,  MireM  tQ  the  t7i 
\3a  ^Mt  ^vi  WM&tMi^  votiMb^ 


M*D. 


^  ON  MATBEIA 


DRUITT  (ROBERT),  M.  R.  C.  S.,  &c. 
THE  PRTNCTPLES  AXD  PHACTICB  OP  M0L1R1I»  SURGERY.     A  new 

Aonirii^an,  from  liie  impmverl  London  edition.  Ediled  by  F.  Wl  HIakgent,  M.  D.,  fluibor  of 
**  Minor  Surgery,"  dec.  l|]ut<^irii(ed  witli  one  hundred  and  nineiy'lhree  Wood -engraving*.  In 
«ne  wry  hancHifinety  prmti^d  oclavo  votumti,  leather,  of  376  lanpre  pn^'A.  $3  00. 
Dr.  Druirr*  renrarche*  in^n  the  [Utmtnte  af  h\t  i  Is  renlly  praetieally  uipfial  at  tli«  bfdtide  will  b« 
lit(»KPt  have  hern  mit  nitl7  extcmivti^  but  wfll  i\*  ^  fnaail  in  a  ftirm  At  nne«  elmr,  dtiiTini^t*  nitd  int^reit- 
rrrted;  the  mmt  dlK^oulnut  nuthura  nm  fairly  and  i  inf, — Edinkvrgk  Montktp  MedifM  JBUmal . 


U>  tJich*  their  reipeciive  nt^ritf  are  weij^hed  wilb 
mn  unprpjudli^rd  hiuid.  Tlie  grata  of  wbeal  ii  pre- 
ftf'ivtHi,  Aiiil  the  chuff  ii  unmerriruLly  ■tfijiped  oW. 
Th«i  arrani^emcnl  ii  vimplfl  Knd  jiliiiuiiipltiMilf  and 
the  ilylf!,  tHnu^h  clMrand  iaterefttin^e^  it  •npreci>e. 
ttiftS  th/"  1nt^>k  c<>iat(iiai  more  infurmntjiiio  ectndiftiKed 
bto  A  few  wurdi  Ibim  buy  fltber  »urf  ipiil  work  with 
wairh  ne  ar«  ac^quatolad. — London  Mtdieal  Tim^t 

Ni^wwlr,  in  mtr  nptnidnn,  r^nnft  H  in  preaentlng 
■o  niiiPti^  VHluabl*;  turi^iiNil  nuittcr  la  tn  smi^t  a 
«ouipiiiA.— St.  I^^MM  Mid.  ami  Sur^ic^xi  Jcvma^. 

Drniit^i  Surf  ery  is  too  well  known  to  (he  Ameri'- 
enrj  medifral  profrBaion  to  reqiiirr  it»  (nin^inufcmpnt 
tiny  where.  Prntmhly  no  worlc  of  the  kiod  Uhb  f  ver 
h*^ru  fnnrt^  fordiallv  repslved  And  ejir»*Fi»tv**ty  t^irpn- 
^»r.-,i  ik,M!  ik,|M,  The  fact  that  )t  pinnprehendt  in  a 
«  V  anittll  tfnnipiiBB,  nil  th«  rinentud  de* 

i»  -r^tjcal  anti  pm^tieal  Snr*frry— that  it 

i>  ,  ,,.j  ,  .^>t:o[}UiiQ  reliable  and  uniliifitLic  iafurniA- 
ttcin  Ein  tbt*  nature  anil  tr^^utment  of  aently  all  mirgi. 
eat  ftff^tion*~li  a  sLiflieient  reJisnn  for  the  liberjil 
pfitrMnNgr  it  haa  obtained.  TJie  editor^  Or ^  F,  W, 
oarptfot,  h»a  Cfrntributed  much  to  eiihnocfi  the  Tmloe 
u(  the  work^  by  «uc>i  Amfripfln  improvenjentiaiiafff 
eill^'ulatpd  iO*>re  pprfefrUy  tt)  adapt  Jt  to  our  own 
¥i?-w*  ii«il  practice  iu  tbii  cmintry.  It  iibnafiili 
everywhere  witli  ipiritv^d  and  lirtr^^hkf  lliuitraiiMjiij 
whieli  t<t  tfie  young  inriftrrni,  CBpeoiHllyT  Ai'*^  <*f  ^'^ 
tninr>reoniEdtratinn.  Kv<ir>'  tricMlicnl  m:in  freqneotly 
^vedm  jflit  luch  a  Wi>rk  a«  thi*.  fur  immeiliate  refer- 
cbct  in  rminientfl  of  auddrn  em^fMrei\c>\  wlicn  ht  hta 
iir»t  lime  li!  cnui^ilt  more  dubonile  trcaliaea.-^Tii 
OAiti  MtdicAl  and  Surgical  Journal. 

Tiie  author  ha*  evidently  rtomclc^i!  eyefY  itanel- 
anl  treatiseof  anoieacand  moderntimct^anuaJl  thfit 


Druitt'awork^  enadenvedt  nyitemAttC}  tnridt  and 
pracTlcnl  ai  it  i*^  beyond  mo^t  worlcjt  on  ^Lirptflrr 
n«eeaiibk  lo  the  Arner|pii>n  iiud«nt.  Hub  hnti  ioiie4 


currency^  in  thii  country^  and  uikder  iti  rircBeni  iiu 
■picet  {iTntoi*et  to  rinc  to  y^^t  hi^iic'r  faTor.->r4i 
Ireiitfm  /gamaf  of  Mrditint  ai»J  Sutg^rp. 

The  mnat  ai^curate  ani)  ample  reiuni^  of  thf*  nr«- 
t«  a  I  fl  t-ri  E  e  f  »f  li^ii  Tfi^e  ry  t  kn  t  we  a  re  aec[u  ui  a  ted  w  i  tn . — 
DuUm  MtdUtti  JoutnaL 

A  better  bf»ok  nn  the  priQr>ittile«  und  |irtictte«  of 
**urjff  ry  a*  now  undpritnod  in  Hfii;lnnd  and  America, 
hni  nrjt  bet^n  ffivea  to  the  profeiiiao. — Boftem  M*di- 
cdl  mnd  Sitrf%£9.i  JoMruat, 

An  nninrpaiHiMe  compendinnii  not  only  of  Sar- 
jfi*?*!,  but  of  MedicAl  PtnHK9,^-Lm»4om  Mtditvl 
(iaittti. 

Thii  Wt*rk  merit!  our  wnrmeNt  enmniendntionft, 
aad  we  stronj^l^'  recummenil  it  to  vounisr  lurgeunvna 
an  adntraMe  tiigett  or  th*^  [irincipl*^i  nail  practice  of 
modernSiir^ery. — Midiiai  GaTHtt. 

It  niayb«  onidwitb  trnth  that  the  work  of  Mr. 
Druitt  AlTiirdB  a  pomptptft,  thoei#h  brief  a«d  con- 
den«f*ft  view,  nf  the  entire  Geld  of  modem  Buri;<«ryH 
We  know  of  DO  work  on  th«  aame  ■dhject  hav'i»|E  th« 
appravrnticc  nf  It  omnuttl^  whifih  inrlqele*  un  mjiny 
tnpi«>a  of  interrtt  to  theiurf^eon  ;  and  the  terie  rnnn* 
nf  f  I  a  vrhit'h  era  oh  hat  be^n  treated  tvincn  a  mt^it 
enviabte  quaUiy  of  mind  on  the  part  mf  the  aulhofi 
who  ieemi  to  Wve  an  innnte  power  of  imrchjing 
out  and  ffrmping  the  lii;nding  faf^tt  and  feat  urn  of 
the  rootl  elaborate  prfMfupti(m»  nf  the  pen.  It  iaa 
useful  haadboo'k  for  the  [irartit inner,  nnd  we  ihauld 
deem  a  teacher  of  iprgrry  ULpnrdonrtble  whn  4ii|  no| 
reeommend  it  tohii  pupila,.  In  our  own  opininn,  it 
it  adtoirnhly  aihiptf'ir  to  the  wnnti  of  the  ituitent.— 
Provincial  Medical  amd  SmrgieiU  Jnufnal* 


I 


DUNGUISON,   FORBES,   TWEEDfE,   AND   CONOLLY. 
THE  CYCLOF.^DIA  OF  PHACTICAL  MEDICINE:  comprising  Treatises  an 

the  Nature  and  Tnentmonl  of  DiMeaiM?s  Materia  Medica,  and  ThijnipeuticH,  DA«fft.^s  of  Women 
and  Childf^a,  Medieai  Jurir^prtidt^Mct;!  &c,  &u.      In  four  tar§»  »ujMr*royaJ  oetmvo  votnme*,  of 
3254  duuble-t^lumned  piige^  Miniu|^ly  and  hand^otnely  bounds  with  raised  bands*    §12  00, 
•^»  Thi«  work  contaltit*  no  lesn  than  four  hundred  and  eighteen  diatincl  IrefttbttS,  itontributed  by 
■ijiiy^ight  diAtiiig^tiiMbed  pbyslctaiisi  reodering  it  &  compltjie  library  of  refereiioe  for  th«  country 


The  mnat  complete  wnrk  on  PraetienJ  Mpdiclne 
eitant;  ot^  at  leuit,  in  nur  laD^uufj-e.—  Sajfala 
Mfdit^t  amd  StrrffVAl  JcitmaL 

Fnr  refen^nee^  ^t  1i  atKiye  all  prico  to  every  pf«C- 
lUioner WttiMm  Lmneti, 

One  of  the  moti  valuable  medf^af  pttbMcntjnnt  of 
tHeday*-4i  a  work  of  rcfi»ri»ni*e  it  ia  invuluabLe. — 
W*ittf*  JemrnAl  sf  M*ditim«  and  Bmric*rif. 

It  hfti  bp*en  to  »■,  both  n§  li^nrner  nod  tencheTi,  a 
work  for  ready  nmt  frequent  rr'fefriK'i*,  nae  la  which 
m^Hlern  Rnf  htb  m^t^Uein^  li  exhibited  in  the  Inott 
advantagcoui  light. — Mtdicai  Eiamintr^ 

We  rejoice  that  thii  work  ta  to  he  pbced  within 
th*  rcflch  nf  the  pfof«iion  in  thif  f'otinlry,,  it  brinj 
Biir|oettionahly  one  of  very  f  real  valne  to  the  prae- 


f  Otionar.    Thii  eitimnt*  of  It  hai  not  been  furaied 
I  from  a  haity  eJcaminntioD,  hut  after  an  iatimsite  *c* 

a  oar  ntance  derived  fmm  frequent  eoncultniion  r^r  it 
i;trid|^  the  pait  nine  or  ten  yeara.  The  editnr*  are 
I  practilioneri  of  ettabliihed  r«piitatinn«  and  the  tiit 
I  uf  contrihutori  embrncrt  many  of  the  most  eminent 

rifoftiii'rri  and  leach'  'i.  Ivdinburi^li.  Dub- 

in,  and  (jlaofow.  :.  th«  great  tm^ritof 

'  thii  work  thjit  the  pr  ^    lei  huve  bt^en  fur* 

a  nulled  by  practitinn'-tK  whi^  Nave  not  only^  devoted 
eipc'riit]  ntteotion  to  the  diieapet  about  whirh  they 
hcive  written »  but  have  aim  enjoyed  opportunitiea 
J  for  an  exteniive  prtctical:  acquaintmnce  with  them, 
i  fend  whoac  repiitation  carriea  the  aipuraace  of  theifr 
I  eompelency    jaitly   to   appreciate  the  opiniona  nf 
othera,  while  it  atainpi  their  itwn  doctf inea  wlll^ 
'  hjffh  and  jast  authority^^AiruHcajt  Jtfidiiai/aar«. 


k 


UEWKEg^S  COMPHEHEXSIVK    SV8TKM   OF 

JM I D W I  Ir  tlH  \V.     ]  1 1  uat  rn  r  ed.  tf y  i>ceaa  luna  1  fa  ar a 

aati  many  rnf^ravinn:*.    Twelfla  edifom,  with  LJie 

flUthnr'a  iaat  imprijvemi^nt*  nmi   C'-f  rreiiojji      la 

nne  fWtaiiro  vol  u  (ne,  es  trrt  <»hM|  h  ,  f>f  fMKI  frrsirrB    •?!  20, 
Dt^WKK!**S  THT- 

ASH   MRDICAI 

Hl.N      Teuih    r. 

r^ifn  cloth,  il*3p**^c».     ^'i  MJ.  iFRlm  UN   KKNAL  AFFKCTIONi*:  Iheit  Dia*- 

PKWKK^^^S   TRHAIiSK   tJS    Tllfi   DlSKASIvfl .      n^iaii  and  P-thnio^y.     With  illiiitr^Mraii.     Oift 

OP  FiiMALIvH.     TeiithetJltion.     }d  one  vtitMmeJ      vol itme^  royal  limo^^i^Vt*  <iVt*ik,  n'^*«h^. 

octavo,  aatra  eluUi|  6^  pttfvif  ^'^  platei^  i^t)«»,  i 


I  DANA  ON  '/OOPIIVTES  AND  CORAl.g  In  oats 
Tolumi*,  imperiaJ  quarto,  eJKtrn  eloth,  wilh  wottd-^ 

{  cuta.  915  mi,  Atao,  AN  ATLA9*iatTneTolnine| 
i  rope  rial  fnlio,  with  i^ty*one  nuifnlicr'al  cniorejl 
philra.     TtutjEKt  in   hjiTt  iriiiriK«Ct>.     FW  On, 

\L,|  DK  La  -  •  -  i  nvFiR, 

L>-         In  i>fi'  i  utr,  ei» 

-v,  .       tTflClr       .     :_       ,   ^    -,     ..-     _   ._:4i     Si  CO. 
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HLANCHARD   ^t    LEA'S    MEDICAL 


0UNGLI90N    (ROBLEYS    M.  D-, 
Pturew*>'^  lii^(|Ulil(^<ir  MiMii^mr  in  (h^  Jfrtfrion  Mf^dljr^«1  Coit^f;*,  PK i  1*^*1  y%|^ 

Nirvr  Abd  enlarged  edition,  now  Reaay. 

MKPirAL    LEXICON;   a  nictianurv  of  Miidical  Science,  c^jQluiniiif  & 


ft?«prr<1  wiJtiln  iiCMijTiii+iiini:'**   r4 


M    p  ..ili<*r.  wilb  raiwif  l>aiid«      iVice  S^   HO. 

M*fii  '■iwitrij  jji  tdi-  pr«(iHraTiiifi  of  ih%m  eJifion  to  rfftdef  Jt  i 

hv  v«iry  remarkable  (!*ivi>r  which  ii   hi-  hdhetti*  rnjo^« 


rii|tit]  y-m\t*  MfirTtiK%  brpe  cditiun*,  i>ivd  iIm?  cftn^rmniy  ii*rreB^li>g-  dduand.  *^bt»w  thmt  tt  t^rrijl 
liy  ify,*  ftfr*ff-^*^*in  »*«  'h«*  niBiidiirrl  nuiht^rilv.     Siimtjliifetl  l>y  ihi^  fnet.  f  hi*  mtihtvr  Ku*  «>na*i>«v^if 

'•*fi  or«(l  the  cvilk'eru 

!  :k1  Tbtf  C^lelll  i^r  Ihe    HI  I 

irtrnt  liie  knrii  ilr«t  i»U-i»i  biJk  'j'm>«  KAivi>  Mill)*'*  t-  timl  Irmi-i  httw  he«^n    if>u*«>*K-i?ij  iiufi 
<$«»rtiiif  iiti*  *h-"U*  iiumtuT  rtr  iirtm«>i*'ii*  nhom  Siitif  Twnr:?«*^ti»     To  areonifin^idjiic'  tUv 
lb<«  numSi-f  ni  I  .         '        '^  rii   Ml'^JW^«?el  hy  (i^i^lv  n  hufiilrH,  nol  wi(  h*-' 
Ittr  *i«r  nliltr  ;  iiisihcir  jnii'l^  llitil  \u-  km^  i^iirn-rde'iJ  iri  th^  t  : 

plf'li'  and  i*«.HMir,i  Eiri-<^i'ithiig  cl*?iur  omrt  ^nji-facloty  iJi-firittiori'^  «■' 

Wen  l4'jTiiiiiijtVii  jit  iutduii;  ^^nrnrr.     flv  iIjp  imuinimoii^  Vi^filict  fif  ihe  ijirdscj!:  prt-^^,  h'Mli  " 
country  a.ttd  m  [JiisLiind.  ihp  unrl  ha-  lit*i*ii  prtiMOiint'rdl  iridi^-iw^jiMibFe   In  tiil   rric^dic^l  ^tUikn^ 
|>f»<^r*iii-iirr*.  iiTN^  '^  ■'      *^-#*nT  im(>rnv<'d  ediiifni  wiU  not  Ut^e  ihaf  envmb^e  rcr>uTa«ii)Q 
Tilt*  pihli-b*  r  .ivi:»ri.*d  *ti  reiidff  Ihe  tripchanjriil  eii*ciitiii«  Wi^rihy  of  m  mlumr  t 

nireiitiirv  nt  iirt*--  urv  ik  n  Work  of  tW  kind.     Bj  JJie  jmnUl  : 

fuuiid  "-noTur  m»d  dtimhle      Wiih  nil  iJw»«  iinpr*>A(^mcm'*  nnd  -  „    ^      _   ,  .:._   ^. .,„    . 

«l  ritr  KirmtT  itry  fUtMlerotr  rttte.  piicmg-  ir  wiih*«  ihe  a-m^h  oi  aij. 


Wk-  iirlc'omf  III  rnn'lirtllv 
r-ri*i|bl»  to  jiiil 
■  I  but  bp*j|  If- 


,  it  II  iti  n-tn,ir»Np  Wiifit, 

i;:fr    Hill  I  no  fiu- 

■  «»H<  rri'in  tiwje  t" 
iiwf,  IJr  UunnfEiJuiirji '  Mrasml  l^itermi^'  will  tuM 
fid  rrnu\HvM.—BHtiAk  a^rf  Fffwif*  M*d.-Ckintrg, 

Thw  fm£i  tbnt  Ihli  excrNf^nt  nnd  Ic^rur^J  wntli  hn« 


I"  ni)i  \m\\ 


r>— . 


I  lie  pnblt{^« 

TrtJ»rfci«- 

<iii:!al  prn> 

^  .1  luttlrwlTieb 

•  ut,  m  ifm?htttt 

1 1  irrmi  BfMl  in 

.   ."i    ...   ,,..   ..^^  -•■ir  lii  tiie  |*nitli' 

a  ui  lifv(i  liiinaHi  <m  n  level  with 

itNJifnl  KieoCTs.— I»«*l*»  M*dtcat 


f-«iiieTi  to   ifB  ppcoHmt    tn^rjri,-  ami  w^  iiM  |* 
iimte  more  than  itnti^^   In    rWerrr..  rMit 

fciiRiii?.  th«l,    QH^dWithtttiitjcfmiF    il  r  .iv-^a 

^rrVinifiilV    rtilnJfl    to    it,    no     ff-wrr  ^' 

wnd    t«rmi,  nf>t  t"  he   i. 
iMo.   ir«    (?rtntTiinml     ir 

WhiTst   iE  j»  ji  wrirtt<^rf.,. 


ni-nrlv  nlwAv*  firMlIrt?  ju  li  t*  ■•n'mtmiiL 

It  htii  the  mri*  mctrit  that  il  «ert«inlf  bkt  90  rivii 

■  r  '  1      The    termi  a* 

1 1  Aficl  pilthrllf>glC,> 
r  )u*Uy  €*h9f tvr^ 
l:i"n»'!se   in   inim  wi^rk  n  rrirrp  ri  ir't  1  <'tt4< 
urbii^hf  white   it  iDBtTueu  him   In,  M^ieBi  i 
l*^y>  rwriii*|iei  him  with  n  Inrere  nmTTvfktof  I 
tii>a      Thp   iuthnr't    I 


U  tftiiikf  l**y*  **f  our  aatlKtrt  we  f^cH  enmjtel^eil  I  |>erlv  fipjirertnted  by  hii  nwi 
*     I  that  JUBWorlt  b««rt  *rn!rnpf  of  nlmriflt '  ran  nnly  cnnBrm  their  Indgn. 


lMM4ihli  iMho*  l«f  l«f  b«««  bMtim 


II  «f  t«4N>r   Kail  ifiduttM 


CT 


rum* 

■'  hai 
TJy  every 
•*"  or*  tnfire 
■  r,   in  Ui* 

:Mbe 

*  <pf  their 

■ni.aii  much 

Ml      It  is 

i:rrii«! 

may 

'A..ril 


Innue  rfftiii^ra.    Mm  nir<Jicat  ttl^niry  will  baaai^Aili 

It  ta  eerfainly  mcire  etimfilrt*  uid  e<jiiapn.t<iiW< 
thna  any  with  which  we  nr^  ar^HMintf^  ift  •» 
Knfiliih    Jangiirtf*,     Few,    \n  ^"  --  li  ^  r«iil 

brUcr  (juA|ifi,rt|  tbun  Dr.  Dur  srapaaii^ 

ti<t|i  i}\  iuth   a    wcT^flc.     1^41  r 
BPVi^riB^t  *»rf  irf'nmfet   he    1  __ 

tbt  [xretiUnr    lulrnts   xierea«arj    fwr   ilifj 
r>prfif>rm«tice;   whil***   nt  tK««  BAme  itn 

Jiiariiy  with  the  WT*; '  Mi p  ajietinit  j 

**  tBiitlera  of  tiur    i  r»  hiQ  1 

tH#  spinel  itaaff#  <  r,,! 


^Ih  a**u  —  JittMia  ^arfai^lf  J^m^^ai  1^  ih|w4i««J 


it^tii  lAv  tUeuuvoL  of  imr 


*)nr  Mf  »hc  mo*  1 
ri>e  rtdtivaiora  tis 


The  moil  comiirelieaaive  mnd  best  Rwliift] 
Uonnry  ^t  medicii  terma  ei^tafiii. Bm^m$  JM 


»T   Tm  SAlfm  AttTHOE. 


nUCnCK  Of  MKI>K  l N  E.    a  T^tlae  on  Spe<*ial  PatlioW  mJ ! 


DUNGLISON    CFIOBLEYH    M,D., 
PrnfeM/iT  of  Tpnitiiiri  of  Medirlne  in  iJie  JclTffiejD  MfcMphI  Cnllw,  PhJladielphia. 

HTJlVrAN    PHYSIOLOGY.      Kiglilh   editioQ.      Thorou^fc  reyiaed   and  exten- 
sively modifieci  Bnd  enlHrged,  with  five  hundred  and  ihiiiy-two  UlflKtioiiit.     fn  iwa  Idritf'  Dtid 
hiindi4i>iiiely  printed  i>ctiiVo  voltime?*,  k«ther,  of  mbiMil  If^dO  pag^i.     fJW^^  Zuw^t/,  1856.)      $7  00. 
In  i*vi*ing  llns  work  fi>r  im  eij^hih  t&p^>pa ranee,  ibe  antlior  hint  pparci]  no  (*ibi>r  lo  render  il  worthy 
«  eoniiTiuiific^  of  the  very  greiil  favor  which  ha^  lieen  extended  it>  jt  hy  (h«  protef^ion.     Tt«  wliolt* 
CuntentH  hnve  b*eti  nP'ftiTRngvd,  mid  lo  &  great  «*3£t*MU  R-JiUMlf  Ited ;  the  iiivefttiyHtions  which  of  ]tit« 
^-ear*^  hsve  been  so  numerous  and  -o  tnipoNani^  huve  bcjei*  carefully  exam  I  upd  und  mcorpfiraied, 
and  the  work  in  every  rp^pec'l  has  been  brought  up  to  a.  level  with  the  prt-^eui  dtile  of  the  wubjeeU 
Thi'  ohieei  o(  the  auib*>r  baa  been  Iq  render  itft  conoid  but  eoiitprehciiiiive  treait*Mj,  oontainliif  iho 
^hule  uudy  of  phyt'iolmric^l  science,  to  which  lln^  stiKleut  and  man  ofMNenee  cun  at  alJ  iiine»  refer 
with  the  certaiiiiy  of  ltiidij*ff  whatever  they  are  in  pe&reh  of,  fully  prest*ntp<J  m  all  ii»  ajiipeels ;  and 
on  no  former  edition  ha^  the  uulhor  be?*  to  wed  rnwre  [ab(>r  to  ^coure  ih»*  result* 

A  similar  improvement  will  Im.*  Amnd  in  the  typosfraphieal  execution  of  the  Tulomefl,  whirh,  m 
lbi>  respect,  are  imperior  to  thf  ir  predecesp«rf«.  A  large  number  of  arjdilio^ial  wood-cut»  have  been 
introduced,  and  the  items  of  illu^trationB  ha^  been  greatly  m<Hiilied  hy  the  f^ub^Uiuiion  of  many 
new  one*  fr»r  *ueh  mj»  wer*  not  deemed  »atij*faeiory.  By  an  t-ntargvinienl  of  the  pugv,  these  very 
cionnidenihle  addilionHi  hAve  bt'en  accomntodaied  without  iacrea^iiiig  the  i-ine  of  Ib^e  voiuttitis  to  an 
extent  to  render  them  unwieldy, 

IVc  h«lievetliiil  it  entt  tfulv  Ih*  Mit'^  no  tnf»fe  coin-  j  The  bt»t  wnrit  of  the  kind  fn  the  EngHih  l»n- 
pletp  rcprrtiiry  nf  tncij  upon  ilie  »n]»ject  trsnifd,  i  yanpre, — Sittiman^E  Jonmai 

CHI,  anywKere  h^  faand.     flienuth.-t  l»i.,  m,.rf.»ver,  I      ^he  prM,eat  i-dition  the  liuthof  hn.  ihaeIo  m  perfect 

miTfof  of  tlie  ■eitDCQ  h4  it  i*  tit  the  iirrBcnt  hrjur. 
At  ft  wrtrk  upon  piliyiiiol4>K^y  proper,  tbfi  Bciftnirc  of 
t!ie  functinnii  performed  hy  thu  Ixxlj't  the  itqilpjiit  wiU 


thnt  tnviiiblf;  tsict  wt  deBc^riptinn   iijid  thnt  fji(*ility 

anil  tmtt  M  eipreision  Whicn  rfpfttr  hiim  f»*ciilii^fty 

vr'eeptnblf!  Id  the  eitBaMlT  or  ttie  itu«lM>ui   remler. 

Thli  f-ienlty.  in  reijwiiit*  ia   iettitiff  furth   fr.«ny  ;  g^,^  ^  ^,t  ,,^  wliatM.-ka^hHlU  Joum.  of  M^dl 

fffuvirr  And  IfsiattrnedFP  lutijectfl,  Wndf  nddiiioTint  ,  gept.  JS50, 

rharma  to  erne  alwnyi  f}i«4^inHtin|{^. — Ecrdf^jflt  M*d 

and  Surg.  Jonmni;  Sept.  1»50h 


The   moit  eomplcte  und   Mtufaetonf   lyitem   nf 
VUy*\itUi^-  in  tb«  Kn^ l)«h  lanfjunge.— ^mer.  ilffif 


rd 


Thflt  he  hut  laeeeededt  tnnst  ndmlral 
a  JniH  purpose,  it  a ppn rent  from,  the  ■> .  f 

aneig^htheilition.     It  ti  nii\¥' the  vrenE  ^  :» 

,  on  the  iiilijpctt  ^of\  worthy  of  a  plate  in  t  v'  r>-  phy- 
,  iiciaa'i  library.— ll('4*(«rii  Lancitj  Sept.  JJ&5G. 
BY    TItK   »AMK   A tTTttOE .      (  JVffW  Hefjdy . ) 

GENKKAL    THERAPKUT1C8    AND    MATERIA  MEDTCAj   adapted  for  a 

Mediral  Text-hmik^  With  Iudexe?<  f*f  K4Mn»'die«  and  of  Di^iea^esi  and  their  Remedies.  Sixth 
EihtioNh,  revi*ed  and  improved.  With  one  hundred  and  nirieiythree  iUti^trationa.  Inlwo  tafge 
and  handHunely  printed  octavo  vot>^.^  leaiher^  of  nboul  llOO  pa^«.    36  00. 

From  thr  Anther'*  Prffue^, 
**  Another  edition  ot  tln^  work  Irfing-  oaMtid  lor,  i he  author  haj*  pubjpcted  it  toa  Ihorou^h  atid  careful 
revision.  It  Im^  been  gratify  ing  tu  him  that  it  bu.H  Ewen  fuund  e«o  exteue^ively  u^Beful  by  tho»  for  whom 
il  wo^  eJ'pecially  intended^  a*  tn  require  that  tt*i>M  edition  should  be  ij*Mied  in  ^o  ^hort  atiine  afier 
Ibe  piiNiraijon  of  a  fifth.  Grateful  tor  the  favoral>|e  rewpiion  of  the  work  by  the  pro/ijMion,  be  has 
besfiowed  on  ibe  preparation  of  the  present  edition  all  tho**e  enren  whii?h  were  demanded  hy  the 
fofFrterediMonp,  and  hii!<  fipared  nu  puios  to  render  ua  r»iEhJul  epitome  of  Genefal  TherBpeutic* 
and  Mai^'ritt  Medica,  The  coplou**  Indexed  of  Remedfeii*  and  of  lJiFeii!ie«'  and  iheir  Kemedie;^  ean- 
nui  fall,  the  authur  conceive ?|  to  ndd  matertiilly  to  the  value  of  the  work/* 

Tbt^  work  \^  too  widely  and  tou  favorably  known  to  require  nicire  than  the  tis^uranee  that  the 
author  basi  revii-ed  it  wiih  bin  ctisloioary  indujilry,  introdtiein^'^  whatever  ba^  beeil  found  nteessary 
to  bring  it  on  a  level  with  ibe  mo^t  nilvafifred  n'tiditiryn  of  the  Mibinrt*  The  number  of  illuiitrnuons 
hnn  bt^eu  ^imewbiit  cnlargedt  and  the  niecbunical  execution  uf  the  vuUiiuefl  will  be  found  to  have 
undergone  a  decided  improvement, 

BV   THE   a  AMR    ATrTHOft.      {A  UfW  Editi^^.) 

NEW  REMEBTES,  WITH  FORMULAE  FOR  THEIR  PREPARATION  AND 

ADMIMSTKATION,    Seventh  edition,  with  extensive  AddHiona,    In  one  very  largis  octavo 

volume^  leather,  of  770  page:*.     {Jujit  h^mtd.)    $3  75* 

Another  edition  of  the  **  New  fletnediej*"  having  Iseeij  called  for,  the  author  ha»  endeavored  to 
edd  everylhmg  of  moment  thai  ha*  appeared  f'inoe  the  publication  of  the  la^i  edition. 

The  chief  retnedial  means  which  have  obtained  a  ptace,  for  Ibe  firM  time,  in  this  volume,  either 
owing  to  their  having  been  recently  uiln.idueed  into  pharmacology,  of  to  their  having  received  novel 
appticatioti*— and  which,  con&equeiiily,  belong  to  the  category  of  "  New  Remedies^* — are  ihe  fol- 
low jug  : — 

Ap]ol,Cairein,  Carbaaotfc  acid«  Catiterization  and  cathet^ri^m  of  the  larvnx  and  trachea,  Cedmn, 
CerJum,  Chloride  of  bromine,  Chloride  of  iron.  Chloride  of  i^oilium,  Cincbonicine,  Coil-liver  olein, 
Congelation,  Enu  de  Pagiiad,  Galvanic  cautery,  Hydnodic  ether.  Hyposulphite  of  poda  and  silver, 
Intmctinn,  !odide  of  !*oditim.  Nickel,  Fertwanganate  of  pptas^f^n,  PhoMibate  of  lime,  Pumpkin.  Quiiiidia, 
Ken  net,  ^nediarine  carbonate  oi  iron  and  mam^anese,  Santonin,  Tellurium,,  and  TraumaticMie. 

The  artktrt*  treated  of  in  the  former  editioufs  will  be  foimd  to  hove  ttttdergone  eonsiderabJe  ex- 
pansion in  thi;*,  in  order  that  the  author  might  be  enabled  to  introduce,  a»  far  a^  practicable,  ibe 
results  of  the  iinb?<equent  expericnre  of  other^^  as  well  a<«  of  hi:<i  own  ob?^rvatton  and  pefleciu>n; 
and  to  make  the  work  still  more  des-erving  €if  the  extended  circutdlioo  wi^th  which  the  pret^ding 
editions  have  beer»  favored  by  the  prtife?<hjon.  By  an  enlargement  nf  the  pftge^  the  numerotis  addi- 
tions have  beeu  meorporaied' Without  greatly  »ncr«»asiiig  the  bitlk  of  Uie  vf"lume.— Pffi/iKw. 

One  nf  th#  raoit  usefal  of  ilie  authnr^v  worki — 
^eutktf%  Meditai  and  5iirfri>i^  Journtl. 


Thit  elnburiitfi  and  uKc(ui  volume  thould  be 
foiojtl  in  rvijry  me<tn!al  liNrwry,  forns  «  hook  fif  re- 
ference, U*r  phyti'^tina,  it  ii  itn^urpMneil  by  «ny 
0th el  work  ia  exiateiice,  and  the  dioittTe  inil*'X  for 
diiieiisei  uniJ  ffir  remeclie*,  will  lie  fniuict  i^reHtly  tn 
Cfth«nee  U*  vidue.^A'#ur  York  Mtd,  G^^itU^ 


The  ^TPAii  Uarnin^  of  lUf  imthor,  mnl  hit  rf  mnrlc- 
nbtr  iudiiviry  io  pi;ilon|[it  Iob  rfMrnrrhra  into  -every 
»»Mi  rc^e  vfhfnc*'  infiirmj!  riua  ir  (Jetivuhlejbji Vf  f nn  (d-sSl 
him  to  tiimw  todr^tl"'*'"  i»i  tifi?niiiyr  uiaM  nf  fuctt 
nait  itnternvniii,  neeoTiipunied  by  ftill  Teferpnce  to 
siutlioritiici;  which  bitft  f€:*iHre  Fpmlrtt  the  work 
prat*ii(*:itiy  v^ilunhltf  tn  inVe«iigHtfiTt  whn  i1e»ire  'o 
examme  thr  nrjgiaal  [laperan^— TJifl  AmcneilM /#iifa 


I 


BLANCHAED    &   LEA'S   MEDICAL 


'  of  Surgery  ia  UniTflTftity  College,  Locicii^Of  &«, 

IjUIT  of  SUTtGEEY;  BEiNa  a  Treatise  on  Suboical 

iiMO  OfitiiATTOXS.     Ef)ii**c]  hv  Jons  H\  BiiikTi*?*,  M*  D.     iUu*trfcti4  writ 
"i"^"*?!!  engrftvm«ip  on  wood.    In  tme  hir^e  utitl  liandaume  octJLHro  Tolai&«T at 
V  iwitilisd  pi*^!«j  le«Iier,  niiiHsd  band^»     $4  25, 


f  fihUElK  III 
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Hir              , 
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l^nii  W«ar«B^uniDtHJ  wUli  Hn  nl|if>f  wort 

ucr  hi^f  III  «MC[i  [Htriis  oi  lUt-  oouiiuy  umt  u^ey  uiniiit    %if«reiice«^  lUitni^  arer]r  pa^^^ — ^WMwaii  f  nm 


ELLIS  (BENJAMINJ,  M.  D* 
THE  MEDICAL  FORMULARY ;  l^eing  a  CQlIectioti  of  PrescriptioTim  aerrrci 

from  the  writinfr*  4nd  prnHice  of  iunny  of  tKe  moM  erniini"ni  pfi  ^f  Amcric*  and  Earn. 

Tingelber  with  ihe  u*iihI  Dietetic  Pfepofdlkm*  and  Aiuklaies  i  ^,     To  whi*'h  if  mAm 

an  Appendix,  on  the  Endfrmio  «»  *>f  Medicine^  nnd  on  thi*  ti-^j  :  .  r  &nd  Chlorofunn.  Tht 
wtaoir  Hca?otnp<inied  wiib  a  few  brief  Pliiiriiiftty*utic  and  Medk'wJ  Ulrsenral  judSh,  T*»i»ih  e^iT^nij 
rcv'iy^d  and  mueh  extetided  by  Kobekt  P.  Thomas.  M.  D.^  ¥tof&*»or  of  Materia  Mediea  ^  fte 
Phd  idel  pit  i  ■  College  of  Pharmftcy,  In  one  UQit  octavo  vol  time ,  extr  a  clotii^  i»f  '21^  pa«i^»  (i«nii|r 
/pjwdwf.)  91  75. 
AnfT  «&  ejtKinlfiittni]  of  ihe  iifTT  n»tt«T  «iad  Uie 

aHi*rat^>fi«|.  we  hetieve  the  r«piit»tk<^i  <>f  *tie  wortt: 

buili  up  hv  the  Huthor,  nnd  iW  lute  tJtittii§ruJiih«d 

edkttfr^  wiJl  codiittut^  tn  Qntirl^h  nnft^r  ()■«  miirpfeet 

ftf  the  pmenl  Hiiof.  U'h"  hi*  the  inJiisfry  nnd  acua- 

r«*j%  (inrt(  w*  would  ■»)-,  C4>i$«4^i^ni:H>u»TirM  reijitU 

aile  for  the  reapui^ilblB  UAk^—Atn,  J^mt.  p/  Fkttrm. 


|i  wiM  jir^rp  p*niciilaFlv  n-*.f,,i  i^  '*^'*^^ttd 

tjona  rinplriyed  in  moderD   ,  I'laV 

tprrd  tlirrtiii^li  odt  medical  ..  -^  ■  a.iu..  c,  ^.^  *«f*  eaU  i 
leete<l   and  fcteireflieiitly  ■rrmiiirKl   for  nic 


FOWNES  CQEORQE),  PH.  O,,  &c, 
BLEMENTARY    CHEMISTRY?    Tbeoretical  and  Practical.     With  Dnuje 

iUo*(mtionf .     Edited,  with  Addition,  by  Ro&ikt  Brid^jks,  M,  D.     In  one  lar^  itifml  - 
Toltifii^, of  o\"vr  550|jafBB,  witb  18!  wood-cals.     fn  leather,  $1  SO;  exim  clotb^  $1  33, 


We  *eow  of  on  belter  texl»bfKilE,eip«?(nUyin  the 
4iffieu|t  deparlmcDt  of  oTfxBic  cberoiitry,  txpfm 
which  It  tj)  p^rtieaUrl}'  full  and  «luflet4^^ry ,  W« 
iprniiNi  n'^omTTUpfid  il  Irt  preeeptori  »■  a  enpiUJi 
** .  Un  thejr  itBdcdti  wlin  are  b^wincien 

iji  I  It  li  eopiiiuity  iUditrateit  mih  ex* 

epi:.„.   „  .    .  cu\Mt  nnd  BlttifeU:»er  aiiniirablr  "fot 

A  itiiAdard  niAnuoli  which  hat  lopfc  «i) joyed  the 
rvptttallou  of  em  bodying  murh  knuwledee  la  a  jmuEl 
afMte.  Th  c  a  a  th  <^^r  li  a  ■  n  ch  1*?%'  (*d  the  d  t  ffi  ciil  t  tm  k  <jf 
is^iilid^HtTitin  with  miietrriy  met.  Hii  biink  iieoa* 
eiM  nvnthf^uc  lieinf  dry,  tiah  hritf  without  iKing  too 
cl<:if  nt*tL£«l  or  f  eAerar--  f irfMta  Mtd.  «M  ^iirfica/ 


The  woTt  of  Dt,   rnwnea  h&c  krtif  1»«  1 
the  pattlie,  and  it*  mr-rHs  haire   heeri  fii|iyi|i 
at«d   at    ufae  best   text^bfw^k    od    eheitjivtry  j 
cjti^leBce.     We  du  b**I,  i if  ct>y rse,  plt^f  it  i*  «  t 
Hip*rinr  Ui  the  Wiirk«  t^t  Brmndr,  erahtTe,  T*n 
Gifforv,  or  Gmeliii.  bui  we  aiiy  that,  m  ■ 
for  atudeota,  it  ii  prere ruble  to  aoy  «f  thcw^ 

A  wtsrk  well  ajdiipeMl  i«  Uie  wnatf  <»r  tk«i 
It  Ib  iiu  exrrtlriiL  cx|H>nitinn  of  tbe:  eJktef  « 
and  fnr  it  of  »]iirirrii  cheioistfy ,  The  a^st  of  ti»i 
j«nd  fttiJl  tn<ire  aif»  condentiMf  yes  pfrftnieaAat  i 
iowlii^hit  i*  written,  *|i«iiJve  it  frt>ia  t»»er 
very  pToptrly  ur^j^  nem'mpt  mr^at  tnnfiQAl*  I 
|M>ptilar.— J^iliiifturjA  Jomnmi  ^  M*di^  Stimn* 


FERQUSSON  (WILLIAM),  F.  R.  5., 

Profe*»oT  of  SuTjury  in  King ^1  College,  LoadoB,  Ac, 

A  SYSTEM  OF  PRACTICAL  SITKOERY.    Fourth  American,  from  tlw  tbirf 

and  eniarj^d  Londoo  edttitiii.     In  otie  larire  «nd  beautifully  prinled  octa^^  irotufne',  of  aboQllQiJ 
pag«F.  with  393  liaiid§oni«  U  lustrations,  leaf  her,     $3  00.  ^ 


.ir     .UM-,      ilJJ'.     i.,B|.M.:J7- - 

V-  lie  en  mUppUt-d,  *<>  tJint 


---'  -'  -^"ty  and  was  mcife  Cflee^^tlr  amHtlU^ 
r'Utpoae  th«n  tbiP.^iV.  F,  M*d,  /#»i»it  J 

I  ''"'i'"'fi ''■'' i^"".r.:.  ti' wpa^«»nttl»aiAi»*«l1 

I  mntr^lM'it;.  .-  rcltb«fflB«eialAai|fl»' 

IttlonrT.—  f 


,^ 


nENTlFlC   PUBLICATIONS 


FLINT  (AUSTIN},  M.  D., 

Prorenor  of  tbfl  Theory  na^  Prnetice  of  MedipiD«  in  th^  Uaiverijli^  of  LauiiTille,  fto. 

(Alt  Important:  New  ITor^J 

PHYSICAL  EXPLORATION  AND  BUGNOStS  OF  DISEASES  AFFECT^ 

ING  THE  RESPIRATORY  ORGANS.     In  one  large  and  tmndsomo  octavo  voluinc,  extra 

cloth,  636  rage*.     f3  00. 

Wr  cAQ  nnly  itate  oiir  ^fMiprnl  hnpreukiD  rtf  thu  I  t1i«  resuUft  uf  hia  fltudr  and  experiefice.  These  ex- 
hi^h  VHJue  (ff  thi»  wurk,  sncl  cuMiHlly  rec<>nirnciiiJ  mtetarioni  wt'^iirfcrnifirtcnt  will  not  hf^dlmpp^InM, 
itrofllh  WefPRird  iu  in  pfiintlioth  of  irrttn^rmrnt  I  Fnrnur  nwn  pJiri^  wp  hnvi^bf^n  rnvflrnhlf  ImpreiiPil 
iind  f>f  the  muflcfd  abilitv  of  iti  trf^nttn^iit  rtf  ihi*  iiut»-  I  Uy  i*  pfftianl  nf  thur  hfWkhr,  iiml  h(>iiftilr  rei?'»intfiM)d  It 
jcctJit  09  dfitiiiMl  til  lafco  The  firit  r^nk  in  wirki  i^f  '  lo  itU  who  «re  di'tinrnt  <if  ftcquifinir  «  tymrmtfrTi  ■«- 
tliif  elnea.  Scj  fur  aiour  informAM*)!!  exteniJif  it  Hihb  qiunintancp  with  Ihe^  meKiii  nf  p^tptofinfc  ihc  vi>pdi- 
m  prfrHriit  HM  CfjutiL  Tn  lh«  firuciitioiier,  %%  wdl  ii»  tumi  of  the  reipjrnt<*ry  firtfHDk  !»}'  mi'nnt  nf  nuncul- 
tti«  tluditnt^  it  will  bp  invulujibte  in  cl«ArJn^  up  rSje  ta'Joij  Jind  percutiioa.  —  jBotfen  M«ii.  and  Swrj. 
diDi^iKiiis  of  d^kubEfkil  cniPB,  unii  in  atipdojn^  lij^Tit  Jotfrntt^H 
upon  dimcult  pheriompna— Bit#afe  Mf-J.  Jottwaf.    '      ^  w.ifk(»fafiKin»l  obieTVUtioo  c>rttaffhi^h«l  merit. 

Tbif  ii  the  moit  elabon Id  work  ^^^v'lted  exciii'  We  recamniend  the  irf^i^itine  lr>  every  r»n^  whn  w<*hp« 
wivdy  t^1  ibe  phyaml  expLorattrrei  f>f  di  ■«>!■?■  ^^r  lb*  trt  beedrnr  q.  eurrect  nine  a  I  tutor.  Biard  in  n  very 
]iint(t,  with  whirh  we  iire  npqiinioted  tti  the  Rtiflith  Imr^ft?  ext^dt  titMia  eHuPb  niiiTii^rirftUy  <»xtiminpd,  ft 
Inn^iiafe.  From  the  hiirb  vtandin^  r>f  the  ayttiiir  i%i  curViei  theeTidince  <»f  cureful  ityJv  nad  difriminn' 
A  i^hnicial  teaeheTi  nnd  hit  kntiwn  dpVfttiOD^  durinfr  |  ttm  iipnp  erisr^r  pAte-  U  dopn  etpdit  to  trie  iititlu»T} 
ninny  yean,  to  the  ptudy  af  thfunflic  dLaenaei  much  wnd,  thrmtgb  hini|  to  the  pruf  Mioii  in  thji  eiMinlry^ 
wni  to  be  eApecrted  from  the  mi  nop  nee  men  t  of  hi«  It  ifl,  what  we  raniiot  call  «v«fry  hook  upon  nnscful- 
delefiiiiimtiua  to  tiiaUjdy  ia  the  furrn  of  ■  tft?Btia0, '  tatiudT  ■.  rend^iile  btHj]c,— ^fM..  j'oiir.  Mtd.  Scitnctt. 


FISKE  FUND  PRIZE  rSSAY3» 
THE  EFFECTS  OF  CLIMATE  ON  TUBEECULOUS  DISEASE 

LeEj  M,  E,  C*  S.,  London. 

THE   TNFUTKNCE   OF  PREGNANCY   ON   THE   DEA^ELOPMENT 

TUBERCLES.    By  Edwahj)  WAnni^^t,  M-  D.,  of  Errenton,  N,  C. 
Togeiher  iit  one  tieai  octavo  volume,  exira  doth,    SI  00.     iJft*f  E*a4if,) 
Tbftj'e  two  valuable  E'lpny*  on  TuberculoMi^  arr  reprinied  by  requc'*!  of  the  Rhode  Inland  Medj 
eal  Societyi  from  ibe  ^^Amerimn^  Jeumai  o/tha  Mtateal  SHmuft**  for  April  aud  Julyj  1S&7, 


By  Edwin 
OP 


QRAHAM  (THOMAS),   F.  R.  S., 

P^nfl^ifto^  of  Cheiniiitry  in  UDtyetnity  Crilli^e,  Li?t)d^iL|  ftu. 

THE  ELEMENTS  OF  CHEMISTllY.     In^Iidin^  \h^  applicniion  of  tlie  Science 

To  t hi- Arts.  With  noniBroii^  iMu^triitiiiifis.  With  Not*?*  and  Addii Joiif«,  by  H^ibrst  BamcKa, 
M,  IJ.,  ^L\  Jtc.     Second  Amiiriean,  tmra  tbe  *et?ond  and  efilurfod  London  edition, 

PART  L  {Latii^  Is*md)  Urge  Bvq„  430  pge«t  l^  illuiitratioafl.    il  SO. 

PART  IL  {Prgp($n»^}  lo  matoh.  

GRIFFITH  (ROBERT  EJ,  M,  O,,  &c, 

A  ITNIYERSAL  FORMULAIIY,  conUitiini^  the  mothoas  of  Prepanne  and  Ad- 

mmi!«ief-inflr  Olficinal  and  other  Mi-fltcineH,  Thi^  wholf  adEip4«d  to  Phyiiiemns  and  Hharnnmoeii- 
liMs,  Second  EDiTtnN,  ihuroiiKhly  revised,  with  niiiiierou^  additinti!i,  by  KosieaT  P.  ThomaSi 
M.  D.,  Profii^nor  nt  Materia  Mediea  in  the  Phjlttdtilphia  College  of  Pliarinnc»y.  In  one  lerEe  and 
handfionie  octavo  volutne,  extra  clolh,  of  650  pa^s,  double  oolunms,  [JttMi'him^4  $3  00;  or 
boijjid  in  i^bepp,  S3  25. 

U  wa«  B  work  reqaiMfi|it  much  perptfve ranee,  and  [  lion «^r  run  poeniltly  have  in  bin  pOBHeimitin.^JtfV^ieal 
mrh^n  pubdj^ht'iJ  wan  looked  u^Min  as  by  far  Uio  bepi    Cktotiiek 


work  of  iti*  kind  ibni  hnd  iMUt^d  froin  the  American 
pre*-.  Prof  ThOfOfl*  ha*  eeintinfv  ■^improved*'  mw 
wcf]  JLM  «ddt?iJ  o  ibift  Fornauliiry*  and  haft  rendefpd  Ji 
■dilitioniUv  rtpflervinj^  of  the  eonfiileiic«*  f>(  phiiniia- 
ceutJMi  and  p^iytwmnn,— Am.  Jtturfial  a/  Pharmatw. 

We  are  happy  li*  imnounre  ft  new  and  improvrd 
edition  of  thi».  one  of  the  mott  Taiuable  and  ttieilil 
work*  that  have  emanaied  i^rom  an  Amprirftn  pen. 
tt  would  do  credit  to  any  country,  and  wiM  tie  found 
of  dally  asefijlne**  m  praf^tLuonent  of  medicine;  Jl  ■» 
better  n  dip  led  ID  I  hrir  purposes  ihun  the  diipeniato- 
hei  —  Smith* m  Mfd.  4 in*  Sure  J^vrnal. 

A  oew  edition  of  thi»  well-known  wofk.  ediled  by 
R,  PrThoinan*  M  D-,  afford*  ociiiMon  for  reoewine 
oar  com  m  end!  I  ton  of  w  oteful  n  haaiiiiook.  wbirb 
eugbtto  be  unlvrr»Blly  modied  by  mi'difiLl  men  of 
e¥ery  cliiPd,  and  mode  ti»e  of  by  wny  of  ri.*fen'oc*r  by 
ofilcfl  pdptlt.  ap  a  ittaiiilard  nuihfitny.  [i  hafr  lipen 
mneh  eidarrf*^d,  and  now  f  ohd4*n*t'if  a  vn*!  nmotMit 
of  nredftil  nnd  nPi'e»*ttfV  kmivicMpfe  in  ^mull  Cdm- 

Kii«s     Th«  more  o^  *QCb  Tif>ok4  liir  bt^Mrf  Cor  the  pfo* 
»**lon  and  ihe  public-  N.  Y  Mtd,  O^ztm. 

Ili«on«oftbo  itii&«inieful  book«  a  eauntry  practt 


The  Hmogni  ofufceful^  ewpry-day  mntter.for  a  pmi* 
licintr  phyMCi^mn.  {»  really  Immenma-- E&jiiAn  M<id. 
and  SfiTi(.  Jnurnal. 

Tht*  if  «  work  of  #ix  ban^reil  and  fifty  oni?  paera^ 
csfnhnicin^  ab  on  the  #kili>i;t  of  prepnfinjt  and  admi- 
ni#teriit|it  mc^ilieiiieii  ihAtcan  \m  de tired  by  thA  f^hyaJ- 
eliin  ajid  pharnmewutitt  —  Wnttrtt  LantH, 

In  »hori.  it  Ma  full  and  compleio  work  of  the  kimi* 
And  Mhonld  he  m  iht^  hHndn  of  every  phyvician  and 
apothecary.     O.  Mtrf.  and  Swr^ .  Jnurnml 

We  pri^dict  a  gff^al  *.alft  for  this  work^and  we  e^pe* 
tMiiUv  rri'DintneiMt  it  to  all  mfdisal  ^mch^t^.-^^Rkh- 
mtind  Stfth^eopr, 

Thi?  edirifin  of  Dr  Hfiffiih'*  work  hnn  hef  n  errtaitf 
immoTed  by  ihe  revision  Kiid  amplp  Hdditjona  of  Pr. 
Tftomni«i  aoit  i»  trnw*  we  bpM»»ve^  oin;  oi  ihe  mo«l 
(^niiipLete  wofka  of  it*  ktinl  in  any  lanfninjffi?.  The 
i«diUt»onfl  amount  fo  ationt  «e«^eniy  paur*.  and  no 
eifori  ha*  been 'Hiritr-d  HI  irii.'linlHf  i:i  itj-oi  nil  ilm'  rtv 
rent   iinptovcin  n 

m««rlira!  joiirm^  V 

of  Ihi*  kiitd  up; - 

'  vnan^and  ih^rrt^  cauu-  .v^-  lhti  inofecoiUiaU^  tc^om" 
^  mend  —  A*   Y.  JfOfufnai  af  MnUeint. 
BY  TirE  SAUK  ATTTKO*. 

MRBTCAL  BOTANY ;  or,  a  Desoripf ion  of  atl  tbe  more  important  Planta  used 

in  Mediuiiie,  ond  of  tknr  Pfopertiej*^  U^en,  end  Moilea  of  Adtniiii"! ration,     fn  one  latire  oetavo 
volume,  extra  clolb,  of  704  piig^^^  haiid^oitiely  pfiattHlj  with  ii«iuLy  350  illii3tratkm»oa  wood,  §3  00. 


BLAMGHAED   Se  LEA'S  MED|CAI# 

GROSS  (SAMUEL  D.>,   M.  D.p 
Prf>f«tacir  cf  Sariery  in  thr  JccTcrsfifi  Me4tci.l  Coilpge  of  PkilAdeipliia^  %«. 

^      Hew  Bditioii  (Now  Haady.) 
ELEMENTS  OF  PATHOLOGICAL  ANATOMY.     TLird  cditloo,  tb 

^^.  I  ..,..,'1-    ifiproVt*il,     111  one  Imfirt?  ami  very  iiantl$i.)tiiH  ocr»ivo  roIwti«,  wtih 

j,„ii,  ail  J  (til  i11u>»irniiuni<^  af  whirh  n  la 

I'fiv  <-j  75;  letttlief»ni»*ed  bftn4»»  §5 '-». 

The  very  mpLii  *»tUiinc(3*  in  Ihr  Si^itrnve  of  PullioUipK^fti  AHUlomy  diinr' 
remkreit  «?»*piiimi  a,  tkoroueti  nKKlir>**iitiun  *>f  this*  wurk*  wilh  »  view  oJI 
nmi  ill  lUe  I  '  '       '  ''"'"     i'''jn?t-'i"     Tlio  very  carel III  iminii«r   Ui  wim 

L'in%n»ii?fl,  HI  'I'J'i  wiikii  ii  Un^  iiiiilcr^ime,  hav^":  eiiablcrf  i 

**  with  ihf^  :•  .ri>vt^tiit?(iii«i  now  itsirtjfiuccfl,  ihe  work  mmy  b' 

ft  new  t  rent  I  ■*<?,'  whiU-  Uic  tiluft?.  of  Tlie  amllmf  bmtp   Liet'ti  PMecondpiJ  aj»  rcirarii^  iUc 
^xjgtmtHtn  1*1  I h<*  vol II ill*,  rt;Mcl*friim^  ii  one  i*t'  the  huiiil^oiiies^l  produc^liotis  t>f  the  Aitiri-tena  | 


nuinbor  «re  from  oiif  wal  dm 


f  iiew  iinil  Wat  I  li  rill  orcgiijsil  lilus^lrtLliutiii  lmv%:  &e«sei  lUlrodurtrU,  oD*!  Ibe 
iiuiiuiijii  the  rcpurfiriim  liithertQ  eujgyed  by  XE  of  a  cprnptete  «od  pfustuatel- 
;id  Mii|>urtliiil,  subject , 

iir  tht;  HUih'ir  on  llie  ,      %Ve  hare  bcrit  fitTorAbtv  iiirpr«**»- ' 
NiiM  apc^nii^liahciL  hLi  I  ml  nmfiQrr  in  which  Dr.  l!lr«in  bttR  > 

tiiiV«  I  .  i  i«f  kit  vmrt  Ii 

our  rrn.  .    u^  cH  dMvfTlnf  ajT 

CAi-en  ,  Sept.  ISS7 


A  very  Infi 
It  i>  hop-il, 
pu^itioii  ot 

\Vr  mr-nt  ■mrti  r 
•utrer^nful  mniim'r 

nul«t«Ml  to  fill  np  R  tij^iik  wioeh  li»«  I  i  tn 

*n«i  in  tjti»  ikpArlKi^nl  of  pseNflitn;  ind 

#«  arnrlii  aid*!  UcCJi'tiie  vtrjf  wivlel)^  cin:^  ■  '|^*t 

nil  <?U»fi  4]f  thr  pti^fvmnwa.^  DuUut  i^mitUfljf 
J»mm.  v/  M*d<.  SeUmt^^  Nov,  1657. 


m 


BT  TS1E  BAMK  AttTBOE, 

A   PHACTIOAL    TREATISE   ON   THE    DISEASES,    TVTTn^TES. 

MALFOKMATIUNS  OF  THE  URINARY  BLADDKR.  TilE  PK'  i.L.%^0, 

THE  [TRETHltA.    Second  Edition,  revised  and  mu^ih  en targnU,  wm.  irrdMwIe;. 

four  tllU!^triittoiii«.    la  cine  Luip?  slid  very  bAnd-^ome  uclavo  volume,  of  over  cuue  b^uod/oi  pi^ 
(J«#|  ItMuM.)    In  leftiher,  ftii*ed  bond^,  S5  25;  extra  elotli,  S4  75. 


On  this  ii|»»<Mfai9ce  nf  tlif!  firttediltnnof  tltiiwnrk, 
tl>c  IcHdtfii^  k^pftiib  littKlirval  revrkw  predjiMfd  th«i  U 
tr^Mjfd  have  ft  **  pcrmiiin'iil  rilan?p  m  t'le  ntcmty re  uf 
Wi^m^fy  wortjiy  m  rarnk  wilb  th<f  best  works  "f  Ida 

StmmttmX  life."  This  predictmn  Hm*  b^i^ii  aniplK  ral- 
lied. Dr.  GrojiiF'A  tr^atifi^  hus  bi^^n  fnund  to  lup- 
ply  ei^nipJietelf  the  woni  whk'li  htt»  he«fi  felt  ever 
iiuce  lhedeviition.fjf  iLirfffry  In  ijir  rH»k  of  n  aeErnPc, 
lif  H  fiOftd  priictj.eii]  trrHti*F  no  thr  tJiiif^ipi-*  of  tlif  j 
blndfler  and  itt  aeeetior^  viriHJit.    Pliil'>|ir|Hii:<^ 


I 

m 


ftAundiatUp' 
to  l«Ye  pen  J 

Icatirt^s  r^AuJihitg  [[toii 
pruvtineotPt  *t  wdi  pro!' 
Tnlaablc  wurks  on  tbis  iuL,, 

/^uriiar 
VVh4>pvef  ttrill  pen]««  the  v»Bt  n^mcmut  ofralv 

f^raetiput  inroffimtJoD  ir  ccmtniDtf  and  vhitf 
iHVfl  been  uniiljle  cv^-n  tf*  nonc*^,  wjJl,  w*  f 
ni^Tep  with  n%f  thut  ttttfre  (■  mt  work  ta  IJM' T 


iln  dvaifs,  meihodical  in  iti  arri»n|etnetit^ simple  «tid  J  be  ita  eqti«U^^JV.  Y.  Jonrius/  «/  ift^Mii. 


A  PHACTICAL  TREATISE  ON  FOREIGN  BODIES  m 

SAGES.     In  Qne  banditfiiue  octavo  vohtinei  eictrii  cloth,  with  illiJ!«1r«iirFti», 


THE  AIB.R 
pp.  468.  m  ?^ 


A  very  clnbtrfttte  worlc.  It  ii  a  eoiiipJirte  flumniary    Cfmrludf   by  rffeiimm«?tntmjr  it  t«>  omr 

penimdcd  ihnt  iti  lieruAnf  wiH 


M  the  whule  ■ubj^ei,  and  will  he  n  uacful  iM^tk  of 
refE^riNiice, — j^ritiaA  and  i-'oTciipi  Mtdico'Vkirmtf[. 

A  hifhJy  TaUiftblebook  of  referetiee  va  ii  mutt  im* 
purtJiiii  lubjeet  la  thn  p  rite  tic  e  of  medic  me.    We 


pmeti'Uil  1n^^^rrntt{iliil  well 


Mffb^  thtm  I 


pno  v*y  «|^, 

j  n  ved  f Tt  nil  c^jti  h  ide  rafile  cxi^er i  c  oee  «ad 


BY  THE  BAKE  ADTHOl.      (PrvjmrtH^.} 


*Vt4C8lt^^_J 


A  SYSTEM  OF  SURGERY  j  Diagnostic,  Pattologictaj  Therapeutic,  find  Op» 

tiv«*     Wiiit  r«ry  Iiuau3ri>ui»engnivij3g!»  oci  Wi»jd. 


QLUGE  (GOTTLIEB),  M.  D„ 

Frofeuor  orFhyii»Lit|r^ii£id  PAthulogkiLl  AnaUniiy  in  fch«  Llnivenity  Cif  BmiMlA*  4« 

AN  ATLAS  OP   I'ATUOLOGICAL  UISTOLOGY.    Translatod,  with  Nd 

mid  AddUkm^i  by  Joi^kph  Lei[>y^  M.  D,,  Pff»fWfic««r  of  Aii«i»niy  in  the  UniverT^tty  oi  iVftn^iT 
nin.     Ttt  ou«  vohime,  very  inrgv  imperuLl  qqaito,  ctltra  cloth,  wtth  3i^  %qtes,  pliLiii  RudV 
on  twelve  copperpluilea.    fS  00. 


I 


OARONEE^S  MEDICAL  CHEMISTRY,  fm  the* 
uae  o1  l^iudetiti  Mid  the  PforVfuirin.  [□  one  royiij 
ltmi>.  voJ.i&x.  cioUif  j^p.UtH^f  wuii  illLiitrfttioiiB. 
ft  (10, 

a^iin  ICON'S  Bft^AV  TOWARDS  A  CORftECT 
THEOHV  UF  TllK  NEBVOU&  SVSTJtJM.  In 
uAc  octavo  vidnmef  iMt^ef ,  aft£  piiffc«^    SI  £t)^ 


mjGtTES'    Cr.TXrCAL     iN-r 
THK  PR  ACT  ICE  OP  AT- 

OTHI-  ^^     Vlf  ,10.'<    ,,L-    i.irv 

1>  1 

Sec  •  ' 

l^^'l-  ■ ■    -^ --^^     -vnn.  |,|,      u^i 

HltNTER'S    ffniFE^KTE    WORliS.  la 
£tvw.,  leulber,  wttii  iil«t«^«,     #|IK 


AND   SCrENTlPIC   PUBLICATIONS. 


I 

I 


HOBLYN  {RICHARD  DJ,  Mp  O, 
A  DICTION AKT  OF  THE  TERMS  USED  IN  MEDICINE  AND  THE 

COLLATERAL  Sl'IENCEB.  By  RiciiAUD  D.  Hoblvn,  A.  M  ,  fce.  A  new  Amerieftn  from 
ibe  liisi  London  edition.  Reviwd,' wiih  nnmerons^  Addiibnn,  by  Isaac  Ha^s,  M.  D-j  editor  of 
the  *^  AmerioDn  J^jumul  of  the  M«Jtciil  Scietioeft.^'  Jn  one  turgf  royal  12mo,  volumei  LeiiUierr 
of  Qver  500  double  coLiiiat)i:d  p)igti».     (Ji#j«  Issued,  1856.)    f  1  50. 


If  Iho  rrcqcii^ncT  with  wliicti  we  hiive  refrff ed  to 
tliii  pipEitrne  bIqcc  itM  rtceptjop  frrpni  the  pLtldi'the'r, 
two  tit  ihree  weeks  nget,  be  any  dritefiorv  ff>f  the 
ful  Dife,  the  hind  in  fir  will  t<H>n  have  to  be  rentfwwl,  even 
with  CJiri*ful  hiintJiin^.  We  Bud  that  Dr.  Hny*  hw 
dtifie  the  profeatirFti  gffiat  icrvice  by  Jiia  caremJ  and 
iuiliiRtrU^UH  !iibfir».  TM  Dictionary  hni  thui  become 
eniia^fptiy  tuited  to  our  medknl  breihrea  in  tliis 
e»matry .  The  aitcfUinni  by  Dr.  Htiyi  ar«  in  hmetftB, 
■ad  w«  believe  there  ii  nut  n  tingle  pAg^  but  bci^^Fi 
tbeie  infiienin ;  ja  every  initniice  wh  irh  we  have  Ltmi 
Jar  ijttticei.1,  the  nddith>n>  ere  TeiilJv  netdcft  nud  ei* 
Cfwdinvl  V  valiiftble.  We  henrti^y  ctiininend^  the  worle 
to  all  who  wiih  t4>  be  aw  evurant  in  medical  lermi- 

To  hfjth  praeti  tinner  and  ttudent,  we  reenrnmertd 
thji  dkli^nary  aa  brin^  ennv«tii«nt  in  iiEe,  aceurntfl 
in  dermiUnn,  and  suiGciently  fitiU  an^  cuinpEcle:  for 
indmnty  cuuaaltatiim, — CkarhstanMtd.  Joitni.  and 

Admirablr  calcalated  tti  meet  the  waate  of  the 
pratititiuner  or  itudeut,  who  baa  neither  the  meiuu 


noT  deitro  to  prod«tB  ft  Urgct  wotk.'^Afntritam 
LafKtt, 

Hiifalyn  haaalwayi  been  «  favorite  dietionarVf  and 
in  iti  preircnt  entarf^ed  iicil  |niprnv<M]  I'orTti  ivjtl  fclve 
creater  »iti«f^ctiipn  thj>h  «vcr .  The  A  mericnn  ediinr, 
Dr.  Haja,  hiii  aiade  niuiy  very  valuable  additiona, 
—N.J.  Med.  Hcp^jrUr. 

To  lupply  tne  WNDt  ntf  the  mfdieal  reftder  Krj«iiif 
from  thU  cauae,  Wp  tnow  Of  no  dictionary  betlef 
urrno^e^l  nnd  adapied  thtio  tb(?  one  bearing  the  uhtive 
titU.  Jt  ia  not  (^nmmt>er€id  with  the  obaidrle  terma 
of  a  bypcoiie  aD;e,  but  It  cimtaini  liU  that  ore  now  in 
uae  ;  eiiibnicio|[  every  departtncnt  cifmedieak  seicnee 
down  to  the  very  Intent  date.  The  vnlwuie  h  of  a 
eoiiveaient  ai£e  to  b«  i:^eil  by  the  medicKl  atudeaLi 
ajid  yet  targe  enough  Uy  makr  n  retitr'dtjdble  npp^ur- 
ance  m  the  tibrury  of  a  |5hyiiri*D.— IFr^ter*  haitfet, 

lloblyn^a  Dtctionurf  hiat  lonff  been  a.  iavorite  witli 
Uf.  It  ie  the  beat  bm^k  of  dthaititpiit  we  huve.  Quad 
oufht  a  I  way  a  to  he  upnn  ihe  attideat'^a  tahla. — 
Southttn^  Mid.  ojid  ^Utrg.  JiiMmaL 


HOLLAND  (SIR    HENRY),    BART,j    M.D.,F.  R,  8., 

Phyiiciun  iu  Ordinury  to  the  Queen  of  England,  ^c. 

BIEDICAL  NOTES  AND  EEFLECTIONa     From  the  third  London  edition. 

Tn  one  iiand^me  octavo  volumei^  extt^  i^li>[h,    {N&ta  R^adf.)    f 3  00. 

Ai  the  woi-k  of  It  thoiighlful  and  obsEt?rvant  pbV^icianT  emljodying  the  result*  ol  forty  year*'  afl' 
live  profeiMorial  eiperipnee,  on  lopic;*  of  the  highPFt  inlereiit,  inis  rolutiue  isi  eoitimenderi  lo  the 
Anfterican  proctiiionar  a.**  wetl  worthy  hii^  atientioit.  Few  will  rijte  (ft'ym  it?*  peni.*al  witbot^i  feeU 
log  thifir  convjflionii  i^treti^bencd^  and  nrmed  with  new  weapons  for  Ibe  dttjiy  «iruggl«  wiib 
difr&ase. 


HABERSHON  iS,  OJ,  M.  D., 
Aaaiiinnt  Phytietan  to  and  Lecturer  nn  Mtilcrjn  Medica  and  Tbempeutici  a|  Gay'a  BoapilaJi  Ae* 

PATHOLOGICAL  AND   FEACTICAL  OBSERVATIONS  ON  DISE  \SES 

OF  THE  ALIMENTARY  CANAL,  CESOPHAGUS.  STOMACH,  C-^CUM»  AND  INTES- 
TIKEt^.  WUb  iltustratimis  oti  Wtxid*  la  one  baudsomo  octavo  volume.  {EvpixUtJutt^'  in  tha 
Medical  New^  and  Library /or  1858.) 


HORNER  (WILLIAM  EJ,  M,  D,, 

ProfoMor  uf  Anatomy  in  the  Uniyeraity  of  Peuniylviiaia* 

SPECIAL   ANATOMY    AND    HISTOLOGY.     Eighth  edition.     Extensively 

revified  and  modified.     In  two  large  octavo  vol uineH,  extra  cloth,  of  more  tbaiti  one  ibixuiHUid 
pages,  bandflomely  priniedi  wiUt  over  three  hundred  illustrations.    $6  00, 


HAMILTON  (FRANK   HJ,   M.  D„ 

Prnfeflior  of  Surgery,  in  Buflalo  Medical  College j  &.«, 

I  TRBATI8E  ON  FRACTURES  AND  DISLOCATIONS. 

ortAvo  volume^  with  iiurtiefoua  ill  n  si  I  rat  ion  i*.    {Freparing.) 


In  one  handsome 


JONES  CT*  WHARTONl,  F.  R.  %,, 

Prnfeaanr  of  Opbthaltnie  Medieiae  and  Surgery  in  Uoiveraitf  Colleg e,  London ,  kc. 

THE  PRmCIPLES  AND  PRACTICE  OF   OPHTnALMIC    MEDICINE 

AXD  SUEjGEHY.  With  one  hundred  and  ten  illu!ttralion».  Second  American  from  the  i<EM'ond 
Mid  reprised  London  edition,  with  addttions^b/  Ehwahp  HARTSUORxSt  M.  D.,  Surgeon  to  WiU«* 
Hos^pital,  &c,  in  one  JargCj  hnndsome  royal  IStno*  volume,  extra  clolh,  of  5O0  page^*  {N&w 
R^'tuiy^    tl  50. 


Wfl  are  cniiiOelent  that  the  reader  will  End,  fri) 
peruanl,  that  the  execution  of  the  work  Jiitif>ly  fulfill 
the  firoioiae  ft  the  jireluce,  end  fiunt^int,  ia  every 
Ikoint,  the  alteady  hrf  h  reputntioii  of  the  author  ua 
an  ophlhahiiif!  aur^eon  aa  w«IJ  aa  a  phynioloitiat 
aiol  p<ithologiit,  The  bottle  ia  efidetitly  the  result 
of  much  rnbor  and  reBcart^h,  i«nd  haa  been  written 
wah  the  greateat  care  and  uticittioai  it  potieeoe* 
UiHt  bent  quality  which  a  generol  work,  like  a  lyo- 
t#fn  in  omnuAi  eaa  thow,  vixt  the  quality  of  bnv^ng 
•U  the  HuiteriiilB  wbeaeesMver  derived^  an  thr#n}ogh* 


ly  wrought  np,  and  di^eatcd  m  the  anthor^a  miftd, 
HM  to  eotrie  forth  with  the  freahneaa  and  itnpreaaJiVB-' 
neat  of  an  original  nr*«biclion.  We  entertain  littlt 
douht  that  thii  hook  wiU  heeome  what  U*  anther 
hopeii  it  rctght  become,  a  fnaniin!  for  daily  refireuce 
and  eoniultiitlofi  by  the  atndentand  the  genera]  pme* 
titioner.  The  work  ia  marked  by  that  corTeetB«!a, 
eltAmeaa^  and  preciiion  of  atyle  which  dimtiajeti^ib 


all  the  product iona  c*f  th0  Inmed  **ithuf ,— ^riti^J^ 
tMd  Fbr,  M$d^  Rttitw,  ^- 


* 


I 
I 


A 


Ifi 


BLANCHARU   &    LEA^S    MEDlCAlt 


JONES  (C-  HANOFIELDJ,  F,  R^Sm  Sl  EDWARD  H.   SIEVEKINQ,  M. 

A>«iiiHlLt  Phytkmniaiiiid  L^turrrs  in  Si.  Mury'i  Mo*|>itaU  l^rBdoQ, 

A  MAKBAL  OF  PATHOLOGICAL  ANATOMY,     Firet  American  Mti 

UiTi-fri     With  tUire  Uiinttred  •nd  (iinp(y-*ieveti  handioiiie  wood  angmvlii^.     In  one  kifc  i 
beaiitifTi!  rh-TP^o  vtiltimr  of  iieaHy  77*0  p«ei**,  leather,     *"  *'" 


1 1  Jiiirrit 
I  ID  ihii 


■  ur 


It-.- 


fi.  ■  ■:.    Ill     pkltlHlluffJ'    Wl»i 

fcN  ..  .  iMmT  fpvvenliivjilH  1 

of  rcfffBoce^  tbrfrTori),  it  .  r  .  ,  ^a  vnlut  tj*  ttie 
■tuJi^at  «if  pati»r!i|iieje«L  iiij,^i  iiji  ^^llJ  iltMuJil  Ue  to 
every  phjr^iciKo^fl  UhTs^wy  .^W**t*rn  Ltmctt^  k 

In  r^mn^  I  he  fcbt>ve  tit  Lewi  work  t^  l^p^  fi»iiblie,  the  ' 
»'■'  ^  Hill  Mttit^rrti^rcsJ  ttMtiiTtiil^e  jif  w  news  on 

1  rmi  bftihrri*,  hm  mmplv  tn  liny  twfnre 

1'  *«  I'ltig  been  WHurr^Jfi  uD  (iiiilmie  of  Ihe 


i3  7r*, 

prtiKent  f 
tliey  hrt  V  - 
<mp  of  i; 
pefwuiril — J  '4  J 

rally  the  t.iin. 

Ifnrd  to  II 
ta  then  I  ' 
ifi»}ii  lit'    ■■  — 

Prom  tlie  ea«mil  eitAfnIiinLiiim  wv  huve  f  n 
are  iiicUhrd  1^^  r*Tfi»r»1  ^t  h«  n  ifT(t-h«^'*k   piiih^i 
tiotml,  msa  inN 
mnn  oFeiiB  ft»r  rfsiKw.  it 

will  he  lilirly  utt  iti 

III  tlinae  buay  iiif'Ei  wins   mive    jniiir   T.itnr  jrjr  i 
inreAtij^jttinn,  iiuliI  prefer  n  fiummiirr  lOAAl 


KIRKES  (WILLIAM  SENHOUSE),    M.  D,, 

0em<)nitriit«rftrMi»rtniI  AuBttimy  at  St.  Bartbt^kimew'i  HftvpitnK  ^c 

A   MANUAL   OF   PHYSIOLOGY.      A  new  AmeHcan,  from  the  IhM 

Jinpttpved  LotKloti  edition.    With  1we>  hundred  ilitistrniiDn*      In  oae  Itirg^  and 

12mo.  *olymei  lefttlier.     pfk.  5Sf}.    f*^  00.    (Naip  Ri^^,  ia^7.) 

Tn  nsiisn  pa^^iiig  lhi9  work  through  hb  handst  the  snihor  hftii  endearorei]  to  reni]f*r  )f  s 
*'^  I  iht?  ^fe?'etii  eonditioa  iif  tbe  ^eicnce^  tnakiiuir  ?ueh  atti*mt]oiii«  an^T  t* 

J  I  by  lurlher  eiptTiciiceT  or  of»  iho  prtigir**!  of  inve$IJfatir:iLi  ba*  Fen'^  f'k 

t .  . .  ,  ,,,.  ^jf  me4?hanieiil  eJteciuiion  I  he  publisher*  have  Boiight  to  make  il  sup*^,...,  ,.  ...rEaef 
ij^Hi^,  and  Rt  the  very  low  price  lii  which  il  is  o^red^  il  will  be  fouod  one  of  tine  tiaililsoiiie^ 
chi-iifiTi^*  viiluines^  bei^ire  ihe  pfofe4?^ton. 

In  making'  ihe^  improveniitMttSf  care  liftf  been  ejtereised  not  iindyly  to  inereBfe  its  ■ 
mainiainjnjn;:  rt»  di^tinftive  ciiamt'tcriMjc  uf  pretenlinsr  wiUiin  a  moderiLte  catiipaiA  ft  ek^ar 
Elected  view  of  its  fuLjccti^,  i^trllicient  Tor  the  wauls  ot  the  (^Indent. 

Tbi»  il  a  flew  and  very  mwch  improvM  editi^ui  of  I  One  of  the  very  besl  h«.adboaka  of  Phi-tiottTT 
0r.  Kirket'  wel]-ka4i»wn  Hnndhutik  of  PhyiroltiFF .  |  ;ti>«i^at— ^retfrnling  juat  aifr^  an  otttl^me^l'  t>t 
DtJ^iufllljrennaLructed  nn  ih«hjiiii  of  tbaa<*mirabU 
treaitie  nif  Miller,  it  haa  in  aueee^aire  editipna  de- 
ret«pecl  iiaelf  into  no  almoit  ortffinal  work,  thuu|!h 
nnclinnf^q  hm  h<eji  niacte  in  Eke  pitit)  f»rarran|t^rir^<^nt, 
ItcnmPjinei  cnneiseneii  with  eompleteneja^' tiatj  ia,, 

1>ii*y  [»rAcutiunef  .^ — B^bli*  QuaTUriifJotiTn^t  i^nb. 


enee.cnmi^riamf  nti  Rf»<>fPurii^  r>f  ita  te«tlin|;  f««^t* 

peuefally  ndmittr'd  prineipl^^K^  aa  the  atudrttl  reqtj: 

dariii||  hill  itlfiMhiiiCf   np><n  a  POMfaeci/  Leeta 

'  fnr  reierent^e  whiUt    fit^irmtin^  for 


"M 


We  nppd  oaty  en v,  that,  withntit  esteriaf  I 
L'uaatiiita  of  nnticttltd  qi]eati>n>f«B^  it  eontaiT^ 
recent  improvemeata  in  this  ^epartmrcti 
■c^eBf  e .     F  ( *T  ih  e  «r  tid  en  t  hej^  i  nn  l  ti^  t  b  I  *  i 


n«  p3tcel!p?Dfe  ii  in  it«  c^mpactaeii,  Ita  clwrneiB 
and  iti  earf fully  cited  autluiritiet.     It  it  tire  fCn^tl  |  the  prar^titiHuer  who  tina    but   Jeiiure  to 
cimvenieDtttfteit-brxAa.    Tlieae  rentleineii,  Meun    i  memiiry,  thjq  bocik  ia  Jiivnlunt 
Klrlretana  Patf;«t,  have  reallyan  iinmenM  taknlfnr  >  th«tit  ia  impspruant  Ixr  kuiiw^  with^iutaperuH*u 
aitcnee^wiiiehiiaat  locofnmipn  or  »n<Thenpaaprat-  I  whit'h  lire  read   with   titi threat    only  bf  th*i«e  i 
Uift  t>«'^N^  fanfy.     Tbey  have  thetfift  of  ItlliBf  ua    would  mnken  i|tt^cir4tv.  *tt  itrKire  to  rhjnart 
wnul  we  want  U>  kaow,  without  tnioking  jt  necea^    raJ  kDi>w ledge  of  Uie  ■ubject. — CAarl«#taai 
nry  ta  teU  m  all  they  Unowr^Basttm  Mtd.  ^md  i  JomnML 
Mmr^.  jQum^tl^  Ma^  H,  1357.  \ 


KNAPP^S  TECHNOLOGYj  or.ChPiniitry  applied 
to  cae  Afti  ami  to  .MatinfactiireA.  Edited,  with 
aameroiii  Ni^ei  and  Addicioaa,  hy  Dr,  Edmukd 
KoKALitft  and  Dr.  Thumai  RicMAfttifosr,  Firat 
Aiiirrtrpin  editiott*  with  Note*  and  Additioria,  liy 
Pruf.  WAi.fEa  R.  jQSMMofi.      la  two  handinma 


o<?ta va  vnl  a  mr>> ,  ei  tra  el  oth ,  with  *t>Obt  SW>  i 
engriivinita,     t<t  UO. 

LALLEMANDONSPERMATORRntlU, 

iat«d  anae<Jiled  bf  Reyav  J.  M<  Dohv^l. 
FCilume^  oquiTOf  eilrn  ehitlij  3^  pacea. 
Amoriean  eduion.    §1  75, 


LUDLOW  (J,  LJp  M.  D. 
A   MANUAL   OF    EXAMINATIONS   jxpon   Anatomj,   Phji^mlogy,   Sargc 

Praflice  of  Mndi^ine*  Ob!<iietnes,  Materia  Medjca,  Cheraititry,  Pharmacir*  a'lid  Tbt"ni|»eMiie>r 
which  isf  addrd  a  Medical  Fonimlary.     De^ismed  fur  ii^indeni^  of  MedicMie  ihrnnj^hoiil  fhe  t'li 
Stiite*.      Third  ediiion,  thoroughly  revised  and  |rf*.'}illy  esTendcd   and   «-nlar;ced.      ^Vtih  lis,, 
hundred  and  seventy  iitii^lrtition?**    In  one  largo  and  hktrdsoiiie  royal  12nici,  volume^  leatloM 
over  800  closely  printed  page*     {Now  Keaiitf.)    i3  50.  * 

The  gredt  pupiilanty  of  tbifl  rohime,  nnd  The  mrnieroupc  demands  for  il  dttriitft  tb<^  two  r^mn  | 
it  ha^  been  ou(  of  prini*  have  induced  the  author  in  iiH*tievii*iion  to  ^ptire  nt*  pa  inn  to  re" 
eorreet  and  accnraie  digest  of  the  most  recent  conditjon  ofali  the  brandies  ari»r^1if*#T  «ftl 
manv  re^pceis  it  itiay,  there  fore ,  be  r<*zafded  rather  a^  a  new- biok  thun  s  (»e  v.   . 
fHetHjoatpn  Phv^iobgy  having  Iwen  edilcd,  a*  al!*o  one  on  O^a-ajtic  Cbem^^try, 
hsivmg  been  rewritien*    A  very  coiniikte  ?*rjefl  of  illnslfuiinijft  ha«  been  itiip 
rare  ha^  l^een  taken  in  tlie  mechanicul  e*t!eulii>n  to  render  it  a  convenient  «iad  ittita.j*ji^tM*j  I 
htndv  or  reference. 

Tfje  arrangemenl  of  the  Voluttte  in  the  form  of  qne^tion  and  annwer  r«*nikfs  it  es-peeJallf  I 
for  the  office  exam inat ion  of  sltidenl*  and  ff.ir  those  pre|wiri«y  ihr  irradimiion, 

Wc  Vanvf  '^f  nil  bfiller  enmTinoi*m  f<^r  the  snident  |  rrimn^d  iatn  Kli  hri\d  by  ihe  ¥^fifia«  n 
duTvniltbeWuTitpeto\\T&V>\t\f^\iifif  room  ^  '  whom  he  ia  eoiu^lied  lo  liat)ea.^ir4s 

ti eak  al  m  |\as:kiR ,  "nii  mtiavn ^  &V  i\iK  sifci  M  -^  Wsai ,  # 


LEHMANN 
PHTSrOLOGICAL   CHEMISTRY.     Tmoakted  from  the  ^md  edition  by 

Geokck  E.  Day,  M.  D,,  F.  R.S.,  &c,,  i?tJtiL»d  by  R.  E-  Rogehs,  M.  U,Vroft*^tor  Cht^mi*lry 
in  tht?  Mefiipftl  JJt*panment  of  ihe  Un iven* it y  of  Pen n sylvan m^  with  UInMrfiLiiMi?(  fdeeted  from 
Funke^F  AiIbji  of  Phy*iioIo^ic*l  UheroiPtrvT  anil  an  AppenHix  of  pfar«i*.  ComplHif  in  Iwo  Jitri^e 
and  handsome  ocfuvo  volumes,  extra  cloth,  epntiiiiiiiig  jQOO  pnge^,  with  neMly  two  huad/ed  illua- 
l  pal  ions.    {Jtist  IfFu^d,)    f<i  00. 

Thi?  great  work,  univefsallv  acknowledged  a*  tJie  most  compleie  and  aulhorilallve  eiposition  of 
th^  [>HndpleB  and  deiails  ot  Zoochenii^lryf  in  ita  pas^^e  ihrough  ibe  pre?*fl,  hdH  rei.^iveH  fri>m 
Prflfef^^or  Rogers  ^uch  care  as  was  necei^s^arv  To  prei'eat  it  in  a  eoirect  mtd  refiabEe  form.  To  euch 
tt  work  oddition*  were  deemed  ^tiperllTJotiii,  bm  i^t^veral  yeafs*  Kuving  elwp^ed  between  tb©  appe&f- 
anr^e^  m  Germany  of  the  jfirsi  and  bit*l  volumst  the  hitter  contained  a  tiupplfrtient,  emboflying  niime- 
roni«  CjOfreciiont*  and  addition*  feMultitig  ifoni  the  ttdvunc^e  <»f  the  j^eieiice,  Thefe  have  ullkn'n  ineor- 
jHjrated  in  the  text  in  their  appropnate  placeF,  while  rbepubjeeT?*  bnve  Iwen  .*till  fnfthereliieiduted  by 
I  he  ioser  t  Eon  of  i  li  u*  t  rat  son  s  JVom  1  he  A 1 1  a*  o\'  Dr.  Oil  o  F 1 1  rt  ke .  W  i  t  h  1  he  v  ie  w  of  »ii  pp]  y  i  ng  i  he  &1  ude  n  i 
with  the  meani  of  etmvenieai  eompurit^on,  a  large  numljer  of  wood-enis  trom  works  oa  kitidfed 
piibject?,  have  aUo  been  added  in  the  form  ot  au  Appendix  of  Plateft.  Tlie  work  is,  therefore,  pre- 
Njnied  a*  in  every  way  worthy  the  atieaiiiin  of  all  who  deajre  to  be  ramiUiLr  with  the  modem  fajcta 
and  doetrmci^  of  JPhy^iolpgical  Seience. 


Thr  moit  Jrapirtaat  coatributiciD  as  ytst  mude  to 
Pti>  »i>>hTgicii)  Chemlitry* — Am.  Jommat  Mtd.  Sei- 
tncti^  JfLU.  1659. 

The  [irriBFDt  voidm^B  brlopjr  to  the  Amnll  cleiif  f^f 
rnnheal  littsraturc  w^iich  edinpriica  pbitv>raie  wrjfki 
tt(  111*?  Ii i I? hpst  order  of  merit.— Mi^M^rcai  M^d.  Ckfun- 
i£h,  J»a.  tBS&. 

Th«  wnrk  of  L^brmiiiA  pUndi  tuitiTmlird  ■■  tlie 
Plum  pomprehentivi!  tHiok  of  referraee  tmil  infurtna' 
(iiMD  eJitunt  on  every  branch  of  the  lubifiet  Od  wliJcb 


It  trent%.^^Edi»bKrgh  Momthly  Jommai  of  Medical 

Alri^ttdf  well  known  a  ad  «ppr«ciHted  by  ihe  irien. 
tiJic  world,  Piofeuar  T^ehnmnn^i  gre»%  work  jr- 
quirei  no  luudnlory  lenteRc^ea,  nt.  aiiil<rr  a  tirWfitrb, 
U  ii  aow  itrent-ntiKl  m  u«.  The  IHtle  ipnce  ui  onw 
command  would  it!  Riifli<reto  »et  forth  even  fe  Bmntl 
portiOQ  of  iU  e^^elleoeeB. — foilpn  Mtd,  and  S%tg* 


IT  THE  SAM^E  At!TttO».      {JltSt  Jsstied^  1856.) 

MANUAL  OF  CHEMICAL   PHYSIOLOGY,      Transkted  from  the  German, 

with  Notei<  and  Additions,  by  J.  Ckeston  MoERts^  M-  D,,  with  aji  Inlrixhictory  Essay  on  Vital 
Forec,  by  Samuel  J ACitsow/M.  D.|  Pnife«or  of  the  In^itntea  of  Medicine  in  the  University  of 
Penney Ivauia.  With  iliustratioaa  on  wood.  In  one  very  handsome  octavo  volume,  extra  cloth, 
of  336  pa^s.    $2  25. 

Prom  Prof.  Jafifon^s  Introductory  Essay. 

In  ttdoptmg  the  handbook  of  Dr.  Lehmann  nfi  a  manual  of  Orgaijic  Chemistry  for  the  tine  of  the 
Undent*  of  \m  Univeri*ity,  and  in  recommending  hi?  orJgmal  work  of  Phy&jological  CHEMmTay 
for  Iheir  more  mat  tire  **tijdic*if  the  hiph  vftlue  of  hi^  resienrthe!',  and  I  he  g^real  weight  of  hii?  autho 
rity  in  that  iniporiant  defwrtment  of  medical  science  are  fully  fecognized. 

The  prftMnt  vnlDiae  will  ben  very  convenient  one  I  d^aicd  forin>  the  pmitive  frtct«  of  Phytiobiifiwil 
for  tLodentk,  Rfl  olTertng  m.  brkf  epitome  of  the  mofo  Chcmiitry^—iffi.  JoKm*/ Msrf.SctauMJj  April,  1850- 
elul^urntQ  work,  aad  ai  euntaittiag,  in  a  very  uoa-  | 


LAWRENCE  tW  J,  F,  R,  S.,  «tc. 
A  TREATISE    OK   DISEASES   OF    THE    EYK     A    new  editjoo,  edited, 

with  numerous  additiun!'^  and  243  illiistrationi*^  by  Isaac  Hays*  M.  D.,  Surgeon  to  Will-s  Hojipi- 

lal,  Ace.     In  one  very  Im^e  and  handsome  octavo' volume,  oJ  950  pages,  strongly  bound  in  leather 

with  raided  bands.     $5  Ofh 

This  work  is  to  imiveriaUy  recognlxed  ai  the  ftaadnrd  authority  on  the  tubjectj  that  the  pub-^ 
liibers  in  presenitng  ihi«  new  edilino  have  only  to  remark  th^it  in  it»  preparation  the  editor  hai 
carefully  revised  every  portion,  introducing  aoditioni  and  illatrtratione  wherever  the  advance  of 
•cience  haa  rendered  tnem  necesiarj  or  deairable,  constituting  it  a  complete  and  thorough 
eiponent  of  the  irioit  ad  tranced  itate  of  the  lubject. 

Thii  Jidmtrable  trentiie— the  vafeit  vuideand  inoit  |  oelavo  pafei— hat  enabled  both  aathnr  and  editor  td 
floin|i'rtbvn>ive  wnrk  nf  referenee,  which  ii  within  do  Juttice  tn  nil  the  detnili  of  thia  labjeet^  and  ccja- 
the  reach  of  (he  profaaaiua. — SUth^itttpi.  j  den«e  In  ttiii  «m^le  voltitne  the  prei^^nt  %!i%it  of  otir 

I  knmvledg^e  of  the  whole  arienee  in  thif  drf  «rtrtient| 

Tbia  ifandarii  t<rxt*hook  on  the  departmeat  of  whereby  itapraetical  VBla«  eannot  be  excelled.  %Ve 
whieh  it  treatfl,  baa  aot  bei^n  aup^raeded.  by  any  or  '  heaftily  eorameail  it,  etpeeially  at  a  t^fjolc  of  refer- 
hIJ  of  the  numeroiiB  puhlie^tiuna  on  the  aatijeet  ;  eaei^,  indlipeaiabie  la  every  medienl  libtufy.  The 
brretofiire  UBUcd.  Nor  with  the  inu  I  tip!  ied  improve-  additiona  of  the  American  editor  very  prcMrly  «*n* 
mvain  (jf  Dr*  Hayi,  the  Atner^caa  editor,  !«.  it  at  all  faaoee  the  vnlue  of  the  work,  ejihiifKiiip  thy  lejtrning 
likel;,'  that  thia  ^trmX  work  will  eeaae  to  merit  the  '  and  experienee  of  Dr.  Haym.'in  the  lipht  in  wHjf^h  he 
eoaiiileuee  and  preferenee  nf  atudent*  or  prnetitioB*  '  oog ht  to  bti  hetd,  aa  a  standaril  nuthority  on  uit  lub- 
«ra.    Ita  ample  extent — nearly  one  thuuaund  large    je<!laapp«naiaiDgtu  thiaapeeiatty.-^iV-F.  Mfd,  t?aar. 


LARDNER  (DlONYSlUS),  D.  C,  L,,  Slq, 
HANDBOOKS    OF    NATURAL    PH ILOSOniY    AND    ASTRONOMY 

I  Revi!*edi,  with  numerouft  Additiom^^  by  the  American  editor.     FritST  CoutiSK,  conialnirig  Mecha 

I  tiie»,  Hydrontntiea,  Hydraulic*,   Pnetimniir'ji,  Souod,   and  Optieu.    In  ofT«   lafge   royal   12mo 

I  Ml 


ifge  rm-al  12mo, 
Vuluflie/of  T-"^!*)  fjcure!^,  with  42i  wood-cuta.  Si  70,  Becond  Cofrsi^,  containing  Heat,  Electricity, 
Mnfftieti<imt  ar>d  GnlviiniiiiTi,  one  volume,  large  royal  l*2ino.j  of  4'ifl  pages,  with  2.10  ilfusirntion*. 
SI  25,  Tmiiuj  GorasK  inaw  ri;ar/y),<?on mining  Meteorology  and  Astromiiiiy,  in  oue  large  volume, 
iwyal  l2mo*  of  aenrl)^  Bi^  pages ^  with  37  plfti©*  «nd  20U  wood-euta.    ti  '^ 


'^' 


I 

I 


so 


BLANCHAHD    &    LEA'S   MEUICAli 


UA    ROCHE   iRJ,    M.  D.,  &e. 
YELLOW  FEYKR,  oousidereil  iu  \U  Ilisiorical,  Pathological,  Etiok^^^cal,  ml 

from  IftiifMo  lJCt4,  wTih  iin  exjimiMwii*'»i  mI  die  ronni^etiiinT-  bftwei?ti  ii  luid  ibe  fitvef*  kmiwro  i 
Ihf  *ttinc  nwmi?  in  «Tli*^f  J'nri^  c*f  lemp^'rui*?  ftf^  well  Hf^  in  impu-al  fifjrv.ii^       In   (wo  laifc 
Hiiin^ottieyctflvovijliiiueiiufneiirly  I5l)n  pugea,  est ra  plot  U.     tJ#t*l  Ijtsu44i4     %1  00, 
Froni  f  r0/ir«>ti>r  S    ft    Diftiit&n^  rA#rli4(eii,  S,  C|    f  ifdu'tui  r««r«r<^l»  «nd  piirpfiil   *ti>dir',  and  ibr  < 

5r^  ^'^^i^i  r  t"^,  li^'iS,  Li  itut^b  At  will   rcflcret   the    bijrhr«l   htmnt  up^^l 

\  ]  w<^ll  apiilii'if  rp-     kiiiih«»r  And  iiur  e*>imrrf  ,^ — Samtk* rm  Mt4   a«4  f 

fcr  ll   ii.  iiiktfH^  In  I  Tourptat 


it^  rtrnf*<1  tut  riciiHtitiitr 

■  u(ij<"C[  r<r  Whkh  a  itvkUt  l<»al3  futufp  tiiiio. 

^\  "  ' -"..I  ti-rt^  ni  itTf^^nt^  en-K-aa,e4  nm  we  ure, 

^  ,  in  ihp  wttrk  t«f  «^*niliMtinf  iliiti 

\ .  ffVttilm^  lit  i»«i  eily*  ti»  iJ<t  rufire 

!!■  ■,   lite   iiiiimt   Liltle  iin4  ffuditr   iiirtlictl 

l<  IT  Pdutitry  hill  yt-l  ptt^iuffti      Bat  in 

viK  .>  .  ,  ;.,  -!.irH<nf  fu'ei^  tUtr  th|i,  lilt  !Tii»«i  mnUit 
QHiii  ajtif  miiihnrit4]|^*'iiih|?  i1l»r4i»i?  <»f  m»Mkrri  tiiiirm, 
bai  f<*r  wrirrtil  ycitr*  been  tifrvfulinf  iii  **iir  trniititry 


crtijfti    |j*t1    h«V«    liri*(i    bf     ■ 

Mini  tu  iht  fUify  of  til e  rm 
flmnnlry      h  m  ilpviinf^d  r 
riTy  umm  tbe  »ubji-i*(  ^tC  ^  ^ 
And  |}tiyBi(*liiQ  W3.3I    find    . 
itf  Ibr-^Vfn  l*>frtl  iffih"  Ijri 
(bf  RWful  «?":>«fRe  wbii^h  ' 
The  iilyle  im  m  noft  nntl  au  ,  .* . 
vi^nniie  the  mtflii  whiji?  nUm" 
(bf  pjfled   «uHi"tr^   while   Lhe 
'nfeht  thnii  ever  l«5f*tre;  iluit   it  i«  no  j  rreiieU  m  Itruretrifr  the  e^fr-'^    ' 


Tb*> 


lodtber  krffe  or  ttti«IL  I'rt^^-i,  but 
r>'  iLtitry   viUttfuem^^  nlMiiititi(>ii«,  Nnd  furm* 

L^i.-i-.    ..L.-L  It  in  M'e^ted  with   Rf- '■    ^-'Ti-i  ihc- 

peM  nitw  ihHii  ihirtv  itr  btfty  v  T  there 

fa  vi*»t  m  ti«'h  htrribttie  lir  ictiumn  i  :  i  If iimw- 

Irr'  ■"  "■  ^  ►' >    '  -.  :T«e,.Niii<>  in  VI'  IV  i.i  tluepni- 

b  ttiitMiem  pirVfitM'ina  Wilt 

I"  hjiriiBe^  we  truii  tbiii  ihiK 

fcJ'iv  iiij.i  , Ill '  i.r-iisivr   iri^RMfte  will  'Te  Vrv  Rt'iie- 

mJiy  tend    lit    iht  ftnUEh  —  iUf»triJkll    Mftf    Hfr^rdrr 

T»M»  liilecb^etlly  *A*  jffeiit  Amnriena  wifdlpjiil  wmk 
■nf  [lie  viny — n  /hU,  e'^mpleie,  nnd  ayfternHtir  irenii«e^ 
uiieirfu>4|led  hy  uny  4HhTrj>ri'ifi  rhe  nll-imnnrlMnt  ■uh- 
jrotnr  VellHW  refer 


hurrniriay    wktii   thi*    Insf"! 
Titke  it  lilt  in  nil,  H  ii-n.  I' 

nf,  but  dr4<iHriti!U  tint   ihut   Li    ^ i-   -»-i     ,.- 

wnktn^e^ye  mi  a  tangible  reAlity-, — iV««4irtJ^i  /*< 
of  Mfdkim4. 

WrtUt-m   it  forTunole  that   Ib^  fr' 
0r.  ttH  Rfii'be  Bbiniltl  hiive  Wrri  iaiif]' 
lit  Shm  (mrtieithir  time.     The  w  ..^i? 
gMt  nf  nU  thill  U  kniiwit  ia  re  I 
mil ^ ltd 7  li»i  tikn^  Item  ff-lt — n  w." 
mrtm  the  wiirk  lief**re  uf.      \\ 
|trfti»e  t"  wiy  ih«i   Dr.   t^n  Itrthr  his  jj 
pre»!*iiliBiE  tiie  pmtr^ninti  with  hr  ithlf^  ma 
nmnMgriitih,  ■>nr'  which  will  fiftnl   HiwrnyiAttii 


ThetAburiiiiii,  ii!EJc-|jUif()itik^  .,     .  .   .         , 

•nf)  jeArBcd  aathof  hu  devoted  tu  it  Bui«y  yeart  of  l  well  ordered  libfAfy. — r«.  £i^f4<p«ee^, 

BY  TUS  SAMS  AtTTHdS.. 

PNEUMONIA ;  ite  Supposed  Conneetitm,  Pathological  tkud  Etiological,  mth 

iiirriiial  Fev'^or*,  incliiditif  art  fnqitiry  into  rhe  ExiHienit*  <ind  Morbid  Agency  of  Mainri^    la  I 

Jiiiikhome  *xd»vo  volume,  extra  cloih,  of  f^OO  p&ge^.    S3  fK). 

A  mnfp  vinipEr,  etrftr^  nnd  fnrciMe  eJ(p<>ait1oa  of  ThiB  work  tbortld  hr  emrefolly  ttntlied  bv  9^(1 
the  itr^tuudirii  nnttire  Jir>d  dnr^f;erf>ui  trmlency  of  phytici^ns,  emTi'MJyiiif  nn  ii  «loe«  itus  rrjD>eij>i| 
eettiitti  pathitt^igieal  And  elinlii>f  ipnj  b^reiiriit  h>u  itB  oriu»mil  thinker  ttnd  elowr  «>b»rrver  nm  ■  mij 
■4" UloiiM  bri*ii  preseiiLrd  Ititmr  jiritice  — iV*  Y.  Journal  perulinrly  their  own- — ^irg^inm  M*^.  ^m4  Bmgi 
nf  MidUim  amd  C&ilattml  St:h»c*.  Jam mni . 


LAYCOCK  ITMOMASlp  M.  D.,   F,  R.  S,  E.^ 

ProfcMor  of  Proctical  nnd  Clinical  Medicine  in  the  Uiii«'<'f»ity  (^f  I^dinbnrft^b,  fte 

LECTTJREB   ON   TIIE    PRINCIPLES    AND    METHODS    OF    MKDICAl 

OBSKRVATION  AND  REr^EARCH.     Fi^r  ih«  Tf^i?  of  Ad^'nnw<l  Stiident^  .nd  Junior 
tilitrtiers.   In  one  very  neai  royal  i2mo.  volumic,  CXI r^irtolli.  PfieeSlOO.  ^J'ujrt  pHMi*itd,l' 


A  Ti^Fiew  of  the  bonk  cunnot  nnw  be  attempteil; 
and  our  denire  it  fiirn|»ly  to  r«i?omfn?nd  it  to  till— nnt 
tnerrly  the  elavi  fiir  which  it  wa»  desifEned;  nmci^ 
there  I4TC  mnny  Aeniorpmcr It iottetfl  in  lull  and  (pe« 


eutiianlv)  MUt'ceisfaJ  nittetiee  whi  Wfmld  ifae 
ftnitch  b«itefit4Kl  bj  ii  rlri««  »lady  nf  ut  p 
pri[iuip];ei.-*ra.  Med.  /niifnaj,  Mafch.  15ST 


MULLRR'S  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 

With  AdtiUions,  by  E.  Eqlksfeld  Grivftth.  M.  D.     In  one  liirsv  and  hiindsome  ootftvo 
citrt  ciolhi  wiih  550  woud'CutSj  attd  two  colored  pluiue.    pp*  636.     $3  50, 


Id  ^^^1 


MILLER  fHENRY\  M,  D., 
rfufcifior  of  Ohntetrict  pnd  Di«*A»eft  of  Wnmen  and  ChildreQ  in  the  Uuiir^rtilr  of  Ltuicnll 

PHINCIFLE^  AND  PRACTICE  OF  OBSTETRICS,  &c  ;  melttdiug  tbi^  Tmt^ 

nitnnof  Chronio  InUftmmnlion  of  ibt  Cervix  and  Uody  of  the  Uterus  c<*nftidei^  ittufn 

CJiiHi?  of  Abi>riion*     Wilh  aboiil  ont;  hundmd  illtislriitiionH  oti  wood<     In  one  v^sty  I 

tnv^o  vol 0 me,  id  nvet  600  pagijtt.     {iVaw  E4fjd^,)    $3  73, 

The  reputaUmiof  Dr,  Milfer  as  tin  i?b*Telru^iiin  in  (no  M'irlely  ^tpreod  1o  requipe  Ibe  atietiriti 
ibe  profess t.m  to  lie  ^fH^cbliy  calk-d  la  a  volume  contaioinirliie  experience  of  hi*  lo**^  i,n^|  extr 
prncticti.     The  vory  f»vortil>le  nfcepiioii  accordt;d  to  hii^  ''Tri*aM-e  on  Humati  I' . 
PoiioT  yenri*  sio'-e.  »*»  un  t'arntist  Thai  ihe  ptf*ml  work  will  fulfil  ttje  autborV  int. 
wribiii  a  iDndi,-rote  coinpji»is^  a  nnnipU*Te  Bud  t  runt  wort  by  lex^-lHJHjk  for  the  f^liick  i 
ference  for  the  prnct  it  inner.     Hased  to  a  wrtum  eiient  iij^wm  ihtj  former  work   but  tfiiL^r 
Ihan  dtJtible  it;*  s-tKC,  and  a^tnosi  wholly  rewritten,  it  prtpcnl*»  bei^ide?  the  miitiirvd  *xp 
ihe  anShor,  tb*f  ma«l  rt*iTnl  views  ami  niv<.*j'tigatHmi^  of  iwadeni  ub-4|i»iric  waiter 
Cj^3£iAt*x»  ?(vr!H[iN,  Ttler  SMiTJi.  iStc,,  tbii^  embodying  Ibe  restdta  not  on! 
litjl  ftl:*o  Gf  tbc  Pofi-i,  th«  London,  nnd  the  Ediiibi»rg:h  i»h*fi-n  ic  ''cboob.     The  atjt  i  i 
in  liny  ve^r^  a.*  a  l«?ach*!*f  of  hii*  favorit*?  branch,  hiii*  «iven  bim  a  fsm  iliaHty  wiih  i^^l  u.ftf]t»< 
d**(itKanda  faciltly  of  t*oiivi;ying  utftiructiuii,  wlitch  cmiotit  fml  Lo  rcpdt^r  lliuo   volume  emii 
ftdapttfd  lo  it  8  pUfpajM?^. 


L 


MEIGS  (CHARLES  DJ,  M.O., 
PrnffrMciriif  Dbuletrifra,  /tc  in  tbr  JefTfrann  Mfdieiil  ^lefa,  PhUiiddphlii 

OBSTETRICS:   THE   J^i^ENt'E    AND   THE   AftT.     Third  edifion,  rpwed 

and  irnprcivfd.    With  nut  htjniired  uiul  I  wfiiiy^TJiiiii  iKiMTmisonM    ft!  one  bemilifullv  pnnted  ortBvg 

v^iiiiinet  leaiheT,  of  m?Vi*n  h«inilf¥»<^  omi  fi(iy-iwii  liinn*  fiagfi*.     $3  75, 

The  rapid  denianJ  for  Bm»th<?r  Hition  of  ilii*  wurl;  i^  h  i^iirtlvte'iir  exprafi^ion  cif  lb*  fmvnfdhfe 

To  render  it  in  ev^ry^  ri''*p«H  wiiribj*  i*f  (h«- favor  wbicb  ii  hu*  riecetvecl.  To  iitHMmpi'i^fi  iht*  be 
hn*  l|]uri>iigyy  revised  il  in  every  parL  Sc»m«  p^iftiujt^  have  bet-n  rrwnften  otbcPH  ad<)f'd.  rii»w 
ititi^lratioti^^  buve  lieen  in  nmny  uisiiince?*  T^ub^liiutefl  for  j>ueh  a-  were  tint  dtiHjni***!  *uli-riirT((ry, 
whi'c.  hy  on  altcratitm  »n  tht*f\  rH»grupbi**iil  arnmiri'iiienl.  thei^i^eof  the  wi>rk  hiii«fiot  lifen  ini'rfi*>'rdT 
and  ihepriee  remaii**  mialtered*  lu  Ji*  present  improved  fttrm,  il  i;*,  iherefore  h*ipetl  thai  tlw  w*jrk 
wJEi  coniinitif  lu  meet  thus  waDt»  nf  th«  AmvriCiJi  }»ro<e«p^Jun  ati  ■  voundi  praislical^  lyid  extendiHl 

8YSTftM  OF  MlDWlFtitT, 

Thfjujth  iht  work  h»i  r***Hved  nn(y  l^vn  pafci  nf        The  hrnt  Amfripun  w*»tI(  nn   MWIwlTifry  that  it 
rnMrifHFfii'nt,  iti  etmptipri  ilKiniglMini  wr^f  ttpr  ifn-    ni^r-PBaildp   to   thp  Btuilrnt  nii!l  priirlili<i'B(*r — N,  W^ 
preiMof  crirrful  rcv'iBion     Eji|iioi|riiiFf  rtt>f!  rt-wtititi^,     M*tl  and  Smrv.  Joamtit^  Jnt\.  IM7 
f^'mriflctlm^  It.  «n(frnr^»   wuh  MrpF.M.»ni*l  new  mil    ^      t^,,,,  j.  „  «>„m1-ir.t  w^^fk  by  «  prr«t  Amtri^^on  OH- 
ti^rml,  n!!  rvmrp  ii  h7cl>^  -lif«ire  tb^t  K  iball  ilr»i-fVf*    tlrlrb-irm      f  i  a  lt,c  IbiM  Dt^.l  bi«i  cdtMon,  «ml.  ia 

mautt.  iBlbamntttT^^vtry  »tT^»kr..f  ttic  pm  bni  ,|»<,  .^hj^t  „p  (,,  |t,p  ],,trit  (J^it*-!  Mf  icm?  H,>p^.t?**- 
inere-itN  the  vnWnf  th*  b-Kik,  bi.lh  m  «t.uiigiiii|.  ^^„|  ,„  ,,^,^  „rl  »m\  Srirnrp/'^A'aari'^f*  /nirw  o/ 
ana  BddititJM  —  ir*af«™  LflWf <f,  J.ia    1957.  |  j|f^,|^  ^„^  g^^^^^  m.^^^  i^gy^ 

BT   TITB  SA.Mie   4 ITT H OIL,      (Ltttei^  IsSJffd,) 

WOMAN!  HEK  DTSEASKS  AND  THEIR    REMEDTES,     A  SeriVs  nf  T.oe- 

(iires  to  bsM  Claa».     Third  and  Improved  ediiioft.     In  one  Ijirge  and  iKaulifully  priiiled  wHhvo 

volyme^  teaibcT.        pp.  67*2.     f  3  tiO. 

The  pfrntjfyinic  »pprei?iati<iti  of  lit?*  Iwbitr*.  asevinfed  tjy  the  isjihatiHiion  t>f  two  liir^  imprww-tons 
of  thi.*  work  within  a  few  yvarst,  haf  iitit  l?een  loiH  iipm  the  author,  who  hite*  endeavored  in  every 
way  fo  fender  it  worthy  of  the  tav**r  with  whit-h  li  ha^  been  revived.  The  i^pfmrimiify  thitft 
alTorded  fi>ra  msrond  revi*iion  hni'  Jieen  improved,  and  the  WMrk  i*  ni>w  pre*ented  n^  in  evtr^f^  way 
SMperiur  to  jtii  predei'eji^M^rs,  addit Kills  and  BlleraHonFi  ha vimi  lieen  mude  whenever  I h^' M<K'amr  of 
ftcienre  ha?*  rendered  them  de-sirabltv  The  lypopmpbiciil  exeeuHon  o(  the  work  wdl  dl-o  ^»e  lonnd 
lo  hiive  undergone  a  i^iiniiar  improvemeniT  and  The  work  i»  now  coiiiliclently  present ed  a^  in  every 
way  worthy  the  po^itiofi  il  hs&»  acq nt red  at  (he  itandard  American  Utxl-book  Dfi  the  Diwgane!^  of 
Female*. 

It  eiiatitlnaa  vmt  ■mcmnt  of  pmcticn^  knowledge.  |  aaeh  bold  rcljpf^  m  to  produce  dlitintt  impreiitrtiii 
by  nni?  whit  has  HCfurntely^  obarrvd  and  retninrfl  upon  the  mint]  Kiid  mrinury  of  the  r6i»ir>r.^ — Th4 
tbr  ejtperif-nce  of  mHiiy  yt^nm,  nad  wh"  tulle  ihf  re-  '  C4nr;**i0ii  M^dr  ,f<taMiai. 


Biik  La  a  free,  fftmiliJiTf  and  plisAnnt  mannBr.<^i>w6' 
ItK  Qftnrtrrly  Jovtntil. 

Therf  ji  no  nCT-hnnd  frrvflr^  a  glow,  abd  a  wartn- 
1i«artediiirit  inffctjn^  the  (?ir»ft  nf  Dr.  Mr!iprt,  whirh 
ia  enlirrl^r  eapUvatinp.  and  which  abfoluidf  hor- 
ri**»  ihft  feftitef  thmueh  frmn  l^egiRDinf  tn  enn  Be- 
■idci,  th«  bm>k  tfenii  with  iuiirf  Lnitnictir>n»  and 
it  fhnwv  the  very  lii^fiott  t^vid^^nri*  of  ahjltty,  tiz., 
the  etearnrti  with  which  the  iaformHlirm  in  pTfl- 
»i*mcd.  We  Itnow  of  no  b**rter  tfai  of  "ne'ii  aadrr* 
itandinf  a  i!ihjp<?t  than  th*'  evidence  nf  the  pnwer 
of  hiciJly  explniaiai^  it.  The  moit  elcmcntan't  **■ 
well  ni  th*  nbj»cureitt  ■abieett,  untli^r  the  tHsaeil  of 
Frof.  Mei^a,  are  iiolated  and  made  to  ■tand  oat  m 


I     PTof«iiM>r  M«i|ra  bat  ealarged  ind  amcnttMl  thii 
IgTcnt  worliK  for  Much  it   unijiiciiioanbl)'  im^  hiirmff 

EFiaiH  theorrknl  of  critieiEtD  at  hiornf  nmt  nbfoml^ 
ut  been  impr«tved  ther«h?;  for  in  tldt  onw  i^ilitn^n 
the  nuthor  hai  intriulaced  real  Jmpriiveniriifi,  Mnd 
lacrmMefl  the  vnlui*  nnri  wtilUy  of  the  book  im- 
Tneqaiarahl^-.  It  prei^Qti  no  m^iny  aovH^  briitht, 
ond  •parkhnf  thoni^rtitt;  iueh  an  exutiernnccof  new 
ideal  oa  nloioit  ev'cry  pn^e,  that  we  cor  feu  our- 
geivt!!  to  hnvfi  twcorne  enninr-»rad  with  the  book 
and  itiRuthiir;  aatf  dinaot  withhold  our  eoBirirntu- 
lationf  from  OQT  Philnddphia  confr«rei.  that  math  « 
tflacbcr  ii  in  ihflLr  ■ervice.-^A''.  If.  Mtd,  Q^^titt* 


BY  THE  SAWS  AITTHOR.      {LaUly  P^uhllshfid.) 

NATTKE,    SIGNS,    AND    TREATMENT    OF    CHILBnED 


ON    THE 

FEITER.     In  a  Seriej*  of  Letter!*  addre»«d  to  the  Student*  of  kia  Claw, 
octavo  voltttne,  extra  cloth,  o(  365  pa^^.     $'2  50, 

The  tnttmctlve  and  inttreitinfr  author  of  thi< 
wotlc,  whniff  previouf  labori  in  the  f^epnrtTiienl  nf 
RinJieio«  which  hn  lO  cednlnuily  eaktVHtea,  hi&ve 
pl4iced  hit  couatrymrn  ynder  iletp  and  abiding  obli- 
ifqtiotii,  ni^fiin  chntieafc^ei  I  heir  admirntina  in  th« 
freih  nnd  viffftfima.  nttrartivi?  nad  rn**y  pupem  before 
a«.  [Mfl  a  delectnlde  hnok.  »  »  *  Thii  tfi-atine 
uprTD  PhitrJ-bed  fevcn  Will  htive  an  i^jcleniive  tnlf , 
betafT  ilekCine^i  aa  it  dci«fvc«,  to  find  a  pince  ia  the 
library  of  every  practitioner  wh^»  Rcorna  to  laif  in  the 
rear. — ifmAktUhJontfUMl  qf  M*di-itu  andSmrfiry* 

BT   TttK  aaMB    AWTHOJl  ;    WITH  COT^KED  T%ATES, 

A  TREATISE  ON  ACUTE  AND  CHRONIC  DISEASES  OF  THE  NECK 

OF  THE  UTEKUS.     With  niimeroiipi  pbtef,  drawn  and  colored  from  D«ture  in  the  lilglieal 
style  ol  art.     Ia  one  bandnome  ciotavo  volume,  extra  cloth.     S4  50. 


In  one  handsome 


This  book  will  add  mon  to  hli  fame  thna  ««ith«T 
nf  thn#e  which  bear  hj»  naffie.  Initee^d  we  dim  hi 
wbeiher  atiy  material  iinprrweoient  vi^ill  he  airtde  on 
the  teaehiiigK  of  thii  Totnnie  for  a  Cf^ntury  to  Cfrme, 
tince  it  il  a*>  eminently  practical,  «nd  bft»rd  on  t»ro- 
foiind  knowlr'dKe  of  the  fcUnti  unit  eHiiRiirtimiite 
aliiU  in  the  art  of  henlinu,  and  fntifird  by  »n  ample 
ftnd  enteaaive  exoefiencc,  f  i?ch  at  ft-w  mVii  hnv*-  the 
induatry  or  goud  fortaac  to  acquire,— iV.  Y.  M*d, 

GOMttti. 


MAVNE^S    l>[?Pf:Nii.\TnRY     AND     TUERA-    MALGAlGNK'S  OPERATIVE  SURGRRY,  b-iied 


l*r:rTlCAL  Ri:MK:^rRRAXCKR.  Compriaiagr 
the  entire  Ii9t«  of  Mitteria  Medifia.  with  evei-y 
Praetical  Fi^rrnala  coatrnaed  in  the  three  Brrliih  j 
Phiirmaco|iaia«  Edited,  with  the  iidiiition  of  the 
Fiiriatdie  t*f  the  V.B,  rhJiriftncftpwia,  by  R.  E. 
6atrtt¥K}M.D.  1  iSina.raU ex. €1.^301} pp.  7$o.\ 


an  Normal  and  Futholo|ftea|  Anittotojf  TrFina- 
luted  frnm  the  French  by  FaKuaaita  Bkittati, 
A  B.,M  p.  WitbanmrfoiitdluiFtf^lionaou  wmid 
la  oaa  bttodiMima  oeinvo  vol n me,  extra  elotb,«f 
maarly  lii  huailred  piif^et.    f  ■!  ^. 


BLANGHAED   &   LEA*3    MEDICAt. 


MAOLISE   tJOSEPH^    SURGEON 
SimGTCAL  ANATOMlCn   Formmg  one  volume,   verj  large  iTOperiiJ  qt 

Wnh  *ixiy"e!(Xhi  liirjr^  M>d  iiplSdid  Plate*,  drawn  m  ihe  bpsi  style  and  beaut i ft iUycoUiP«A 
UininET  one  Ijimdred  ujid  tiiiiely  Figure*,  many  of  ihrm  ilie  »ijse  of  life,     Ttwether  w^tli* 
ftndeijdniiniory  leHef-prei*.    Strong^ly  imd  liund'tomety  bound   in  exira  dotlb,  tjeitis  on* 
p*ie»ipe*J  and  l**t  fief" lit ed  Surg-i^al  work*  a»  yei  i*Htj(rd  in  thi?  country,    ^11  OO* 
•,•  Tti*  tiae  of  Ihi?  work  ppcvmis  it*  traJi«mi!^f^ion  through  I  he  po^i-oflice  a*  «  whole,  biit 

iwhi)  de!<tre  lo  liii.v<*  ropit^n  forwardisd  by  uvail,  qiaa  receiYe  Lheui    in   ire  pArCaj,  dmi*  npiB 

wruppeffti     Price  SI)  IHJ. 

i)ri«'  f>f  the  frmi^tt  mrlf«li«'  triiiififihft  nf  ttit*  flffl  i  nf  tcepinf  up  Ikia  AaaLlomiciil  lEii(>wiedf«.^p^, 
In,  f^iirificKi  AmkUimy^r—Briiiih  AmtriiBm  Mtdical  '  ™^*—  - 
*/' 

't  lia  mn\A  in  1t4  pnii»e;  iDd^^^i^ 
je  tfi  Jo  ii  jtimce — OAia  Mtxii-' 
urnnt 

■(  (l^tnunitrntive  di»- 
B-  >  If  it  iitiEi  LDv%Iiiiit}|i« 

The  mtiAt  iiei?iiriitplj?  fMif^raved  Mid  beaalifolly 
eotr^rod  pli»l!*i  Wf  Jihvs  ever  a^rm  in  an  Arnericiin 
b'Xilf — 'ii&r  Iff  the  licut  Ktid  chrti|>Fjil  ftUFiriciti  wurka 
fVCf  puUiiihcd,— Em/iifa  M'^iei'  jDiir»ar 

(t  l«  vrry  rjin?  thut  io  rlr-jf;*  ',  Kt  wdl 

LiluilfiitiMJt  uiid  en  isBi-fui    h  \\  r-d  ot  in  ,       ,..  ^  .,     . 

lU  pUUfi  «tiJQ  bOH^I  «  iHfierj^^fUy  w^liicli  placet 
tJirtit  ptlm-mt  Iteyuiid  ike  reach  of  e^n}t!>«ttLi»Ji^ — Midi' 


1 


The  fii«eliiu)i«itl  rxfM?oti<in  esfeoot  hi  tXAttii*- 
Traii^/faMta  Mtdicai  JvurmeU, 

A  w»rle  whjfh  has  Hi'  |Hini11i>i  to  |>nimt  i 
!  rncy  iiEi4  ehrMttneea  in  the  Knglish  I 
Journal  ^f  MadiCitu, 

I     Tn  nil  en§fl|^«Nl  in  ihe  stndly  err  fiT«etf»  i 
I  prnrrBMifkii,  fitcb  a  witrk  i«  afntoKt  i 
I  Dm^lim  QmattiTtw  MtditAi  /oicflMl. 

Ktt  pTatrlitumcT  ivhoae  m<^sni  will   Admit 
I  fill  t(i  potiedi  it. —  Rii.mJt4ng*s  Ahi iraet^ 


in  pnAt  of  ^^H 
fiT«etf»  of  ^^1 


Coitntf 


itrv  prftc lit! nnen  will  find  these  pi •.!■»<£, 


Every  ^metili^nif'T^  wp  think,  thmild  have  m  wnrk 
of  thii  kipd  wtLhtn  reach.— 5«iit[A«tii  iFUdital  smd 

Nn  m<^h  llthM^fEpltie  illiaitrHtiiiQ*  of  «iirpienl  re- 
f  inns  tiiiv«  hitStrrif*,  we  thlnkc,  h«efi  given. — fititm 
MUdirat  nmd  Sur^^Uai  Jomm^L 

AiftnQTi^iefil  utuitomt^ti  Mr,  (VfiiHttfi  hsi  pmhs* 
hly  ao  aurteriar.— .fifiiw*  «JMf  Fariifgw  M^tile^'CAl* 

Of  (rrfAt  imltifl  to  the  itudettt  va^nt^rd  in  d^iveet- 
lAgf  and  tv  ihe  aarg eoa  at  «  dittanf  e  from  Lhe  meant 


profe^siiim  the  completioii  of  lhj«  trnl^ 
WMrkn  which,  aa  a  whttlc,   certs  Lai  v  t 
viilkd,  lH>th   for  accurucy    of  drawiAf, 
enloriDf,  and  alt  the  retitiliite  ex|»laiiat}<itt 
lubjftei   in  hiind.^r4«   jVrw    QwltiimM  ""  ' 
I  Smrfieai  Jotttmti. 

'     Tbt«  is  hy  far  the  abteat  work  on  SurfieU 
tofny   rhjit  bn^  c^nue   ttader   out  o!j»<*TF»ti'Ta 
kB"\v  of  no  fitlier  Wfirk  that  w^mtd  jrticf  ifv 
IJeal,  in  any  df^fee.  for  ncftle^i  ftf  •tttal 
\litm.    \n   iJnovf?   fuddfa   ruier^eor'iei  Elial  ■ 
iTiae,  and  which  require  the  iaataE|tB.iieii)iu eoiai 
of  minDteanatonrvi^Hl  kiinwled;«,  a  worlc  <]f  tbi 
I  k^pa  the  deUiia  nf  the  disa^^ci^inf  •nx^ni  pt-tfei 
I  freali  in  the  iwiaoty ,^~TA*  W^MimwnJmmmmiwf , 
1  fiat  imdSnt^ff. 


plait*  <£^y 
ovbec  t^^H 

Jf«Acal^ 


i^"  The  Terj  low  price  at  which  this  work  is  fnrmahed,  and  the  beantif  of  its 
require  aii  ert^nded  s^le  to  oomp^tytiito  the  publiah«ra  for  lJi«  ktftTj  expenses  incuxxvd. 


MOHFl  (FRANCIS^  PH,  D.,  AND  REDWOOD  tTHEOPHtUUSi 
PRACTICAL    PHARMACY.     Comprising  the  Armngement^,  Appwatna,  i 

MunipulariofiK  of  the  PhurtnafeiUic^  Ph^p  and  Lahoralory-     Edited,  wiih  estensiTE  /  ""' 

by  Prof  WiLitAK  PaocrtB,  of  the  Piulttdelphla  College  of  Pharmacy*     In 

prioied  octavo  Tolmna,  extra  cloiZt,  ol  570  |mge»,  with  over  dOO  eEigniviiig9  oa  wood*    (2  ?1 


iratna,  ^H 
n-Aiffii^H 


MACKENZIE  <WJ,    M,  D., 

BBffcnD  Oculiit  in  ^oilitncl  jn  ardinary  to  tier  Majealyj  Itt-  fte* 

A  PRACTICAL   TREATISE  ON   DISEASES   AXD  INJURIES  OF 

EVE.  To  which  i»  prefixed  an  A»oloniicii|  In  I  rod  net  ion  ejtp3anal*>ry  ol  a  Ht>ri»»TftTiil  SeeJK 
the  Hmnnn  Eyebflllj  by  Thomas.  Whaeton  Joes^  P^  R.  S.  From  the  Fourth  Revi^M?d  i 
larsnid  London  Edition.  With  Notes  and  Additions  by  ApDr'VELL  IIewso^v,  M  D.*  Sun, 
Wilb  Hoi-pital,  &w,  kc,  !n  one  very  l»rg«  and  haud^me  octavo  volumej  l^iiher,  rtused  haiui*,  < 
plates  and  uumerotiu  wood-cuts,  S5  25. 
The  treati«e  of  0r.  Maekenaie  indiiputahlj  hnlda  I  iceofdaaep  With  tile  advantrea  la  th*'  bi 


hare  been  made  of  late  veare.     Hi* 

repetitton  apon  any  bmneh  of  ebe  bl 

bftve  ctcaped  the  aulhnr^i  notice. 

the  duty  tif  every  one  who  baa  i  '^ 

iiOB  and  the  w«ifar«  of  hi«  pan- 

hirawlf  fami^inT  with  thia  th©    :  ^ 

ia  the  Knvliiih  lancaai^e  upoa  the  di«cx«i«ol' Ibf  i 

— Med.  I^nvjan^Oaaetff. 


the  Grit  |>UceT  and  foTim,  in  retpe^t  lUf  learnsn^  aad 
raararebf  an  Encrc(op»dta  i]Bei]uiinpd  ia  ejct«<at  bjr 
any  nther  work  of  the  kiad,  either  Engliah  or  fureiffn. 
^~^miA¥k  aa  J?i^af««  ttfUu  E^. 

Few  tnodem  honki  na  any  departmeat  of  medieine 
oriafirery  have  met  with  ■urb  eiEteTictf>d  circiilation. 
or  have  procured  for  their  authcFrvn  like  amount  or 
Enffvpeaa  celebf  ity*    The  imeaeavf!  reAeitrch  which 

It  iJisplnyed,  the  ihoroufth   ac?niinmrnin*<^  wiih  the     .   rhe  fourth  edition  of  this  ataudard  u  _ 
aiibject,  pracLically  a«  well  at  tlie-welietlly.and  the    "5'"^'^  ^%  "  ^"'^>'  appre^mted  aa  the  three  i 
able  manner  in  which  the  author *■  itorf-inpf  tearnia^  .  i.^"'^*-    "  fs  unnecetftary  lo  mwy  a  word  ia 
aadoiperieaee  Wfre  rt-ndererl  av»UF;hreff>t  jreneml '  f*^^  llie  verdict  ha«  already  heeij  r*i*»e.l  : 
oae,  at  iniee  prociireri  for  the  first  edainn,  «t  welt  nn  I  ^J*  n^*lft  competent  jadget^  and  *-  M«<*k*£ 
the  ecu ti neat  at  in  ihis  country,  tlmt  luffh  pt«itM»E    l:->Y^"*'  J^*''*^^  I*  ^^*'"??  *   reimuij.Mi  \ 
at  a  atandard  work  which  eiieh  isisrceMive  eiUtion  ;  ^'  li^ara  of  tpceeh  to  <?ay  world-wide — I 
hat  more  fiiroly  rtuhhshcd,  in  tpite  of  the  attrae^    Fwttgm  Af^dtco-tAtr^ryteai  Rtnritw. 
tioiitof  wvenil  rivalt  of  nrtnieaanlMllry*    Thia,  the       Thii  new  edition  of  Dt.  ^TrT*-k?^ft;£|»*'i  edttrtlMii 
four  lb  ediiiMnT  ha*  beea  in  a  gr  rent  mem  a  re  re*  writ-    treatite  ou  diieHirt  of  thf^  ^ 
ten  \  aew  o»ttert  lo  the  exleat  of  <^ne  hundred  tnd    induttry  aaU  tenrqing.     \ , 
fijpiy  pAf^eaf  baa  bees  added,  and  in  leveraS  i  rutaneet '  he  hus  entg  rely  ejihautted  1 1 , 
(citinAlV^  sX^nMed  oyiniiitLa  have  been  mi^Jified  in.' ^Dutiim^qit^tUflw  J^wrniXi, 


MILLER  UAMESI,  F*  R.  S.  E., 
PTofeiior  of  Stirgefy  in  ihe  Univenity  ofEiUilbiirf  h^  &«. 

PRINCIPLES  OF  SURGERY.     Fourth  Atnerican,  from  tLe  third  and  revised 

Edmburirh  edilstsn.    In  one  larpe  »^d  very  heantiful  volnme^  Ieaih^r»  of  700  pii^?i,  wilh  two 

hundred  md  forty  enquisjie  itlu^rratjona  on  wckj^.    {Jtigi  li^tted^  IS5Q4       $3  75. 

The  exipjjtled  re  put  ai  inn  enjoved  by  Ihin  work  will  be  ftilly  maintainect  by  the  prc<$«nt  edition. 
Thormjfi^tily  revi5*d  bv  t\w  ■  ■*-  -  i  wiil  be  found  a  dear  and  corapeudions  expoHiiion  of  frurgiCAl 
ftcienL-tf  in  ii«  iiio*i  advBii<  n. 

In  uoniicutiud  with  Ih^^   >  -sued  I  bird  edition  of  th^  antliof's  *^Fraelicc  of  Surgery/' it 

Ibrma  a  very  comply le  system  of  biirgtfry  Ui  all  lbs  branchei** 


Tlie  wrif  k  of  Air.  Milkr  it  tdrt  well  amt  tno  f^rot- 
ahlv  kunwti  rttnonif  ui^  m>  nn<*  of  oiirt*c*i  tf^xL-h^vikfi 
tr*  Triijler  ntiy  fuTihf  r  nmice  of  it  iiPrt*«inTy  than  the 
juimJUfitcEiirut  ty(  tt  new  editktn,  thr  /&ifr(A  in  flur 
criuiitfyt  a  |>f(mf  of  iu  ? jEtttitive  cin'uJ«Uoii  amonif 
pft,  Am  c<iDci»e  nnd  reiinble  rJipositioQ  iif  the  acj- 
rifponf  mrtdcfn  •Uf|rery,  h  ftbuidi  dpiervcdly  hiifh — 
w«  know  no  I  iti  tn^cnur.^Bott&ii  Mtd.  amd  Snrg^ 
Journal. 

If  pr4*ieiiti  rite  ino»r  mthfi^Hnry  f^xpotUinn  of  the 
ln<>cferii  dnrtrmri  tif  Llie  prin^iplri  of  snrj^rn'  to  he 
riitierl  b  nny  volume  La  any  l^aguAjge. — N.  Y.JaitTnAi 

The  work  tiikpi  rank  with  Wfll»on*i  FraetJefi  of 
Pbytie;  HcpriaiE)lyda«iso|  f^U  taehind  that  fieat 
work  in  ioiindneia  of  ptjniMFiie  or  dr^ith  of  reaaoa- 
ing  and  reiearch.    Nn  phytic iati  who  value*  hii  rS' 

BIT  TUB  UAM8  AUTMOl*     {N^W  Jriflw/yO 

THE   PRACTICE  OF  SURaEEY.      Fourth  AmeHcan  from  the  \mt  Edin- 

btirirh  edition*    Ruvised  by  the  Americnn  editor,     lllufttrated  by  three  hundred  and  MTtiy.|bur 
ejigmviu^i*  on  wood,    la  out  large  oelavo  volnnne,  leather,  yf  nenrly  700  |)ages.    S3  75. 


piitation.  or  weki  the  tnteri^ili  of  hit  dleati,  prii 
firqiuit  himself  befofe  hie  God  und  the  Worjd  wjthfmt 
mnkinif  hio>*Hf  fainiltar  wilh  the  tunnd  Hint  yihilo- 
v^phienl  vieivM  developed  Jn  the  fort^oiiif  bflolt,*- 
Hew  Ofi*iin»  Msd.  and  Surf.Jovfnfii. 

Wlttmut  dtinht  the  Hblest  rxpoiition  of  the  pria- 
eipJ»'i  of  thnt  hf»ttj(-h  of  th*  henlio^  »rt  m  any  iiin- 
fuafe.  Thu  op  in  ion «  iltfidieriiji'Jy  fMrmeit  after  a 
enreftit  atudy  of  tire  Erst  edition,  \Vb  huve  hail  nu 
GfliiHe  to  chntii^«!  on  cxumJinnK  the  tfcimd,  Tkii 
edition  hm  onderfone  lht>roufh  teviR^im  hy  the  mi- 
thofj  many  e^pr^'Sfliiini  tiave  been  mnditir^li  and  a 
ma«B  of  new  nui  1 1*  r  t  n  trod  weed »  The  h^^^k  i  •  f  f  nt  a  p 
in  the  hneat  ityie,  nnd  ie  eji  evjdenae  of  the  pfotrrpia 
of  typosjcniphy  in  oureoofllry. — Chariiil^n  Mtditmt 
Jttmrnal  mid  Mcitw. 


No  etirittnitim  of  our*  con  Id  *dd  to  the  popo  Parity 
Of  Miller^i  Surpjery.  Iti  rf-pntati'^n  in  this  country 
ii  uniurpiieied  hf  that  of  nny  other  work^  and,  When 
laktn  ill  connection  with  the  auMior^s  PrinHptt*  of 
ffiirr'n^P  conatitaiei  a  whole^  without  r^'ferenee  to 
whieh  no  coiiBcientioUB  iLirji^eon  would  be  wilUztf 
U}  pnti'ijcr  Uii  art.  Tbi;  Hdditiont,  by  Dr.  Sargent, 
hnve  materially  enhanced  the  vftlue  of  llie  work.— 
S^mthrm  Mtdical  itnd  Surgical  JoUfiml^         * 

U  ia  leldom  that  two  rolmnea  have  ever  made  a^ 
profound  an  Iinpre»ion  in  so  short  a  time  si  the 


hi*  works^  both  oa  the  prinnplei  ond  pmctiee  of 
•u  rirery  hinve  been  aiiif^nf^d  the  hif-heit  nipk.  I  f  we 
were  limited  to  but  onewoi^k  on  snrirt'ry,  Ihut  one 
should  be  Miller's,  ai  we  rmrd  itastupertor  ki  all 
others. — Si.  Leuis  Mtd.  And  Sarg^  Journal. 

The  ant h or,  tfistinrulsHed  alike  ai  a  prsctltinneT 
and  wrilerj  hat  in  this  and  his  *'  PrinelplesJ*  pre- 
sented to  the  protetiidn  one  of  the  most  complet«JiDd| 
tetUble  tyBteiTis  of  8nf||[ery  ex  tan  t.  Hit  style  of 
writing  it  onginitlf  imprentive,  and  engiig in|^^  ener* 


proiownii  an  imprettion  m  to  shtirt  a  ijnie  sa  tlie  ^^^  coneiie;  und  lucid.  Few  bave  the  faculty  of 
f*  Principles"  und  the  **  Pranicft"  nf  &nfjrery  by  j  Sonj^osmj?  to  rnufh  in  small  space,  and  at  the  SRme 
Mr.  Miller— cir  to  rithlf  merited  the  reputanon  they  tfina  to  pertittently  Holding  the  attentions  indeed, 
teve  acquired.  The  auihor  n  an  eminently  senii-  .  he  appears  to  make  the  very  pmc est  of  eonileniiitinn 
nth,  practicnl  and  well-informed  man,  who  knows  ^  ^^l^^,  ^f  diminatiof  attmctiont.  Whether  at  a 
exactly  wlia t  b**  J  Rt!>lkinpah<)ut  and  ejtaclly  how  to  teat-book  for  ttndrnit  or  a  biu.k  nf  reference  for 
Ulk  it.^Einiuckj/  Ahdifal  Htcorder.  pmctilioneri,  it  en n not  be  tiH»  slroiigljf  teeomrnend- 

By  the  almott  unaaiiriom  voice  of  tha  profeiiion,  I  ed,— SpiitAini  Joumal  of  Mtd.und  Fhy*.  ScU*ct$. 


MONTGOMERY  (W,  F.I,   M.  D.,  M,  R.  L  A.,  «tc., 

Profeiaor  of  Miilwifery  In  the  King  and  ^ueen-i  College  of  Phyticisnt  Ui  Ireland,  Ae. 

AN  EXPOSITION  OF  THE  SIGNS  AND  SYMPTOMS  OF  PKKGXANOY. 

Wilh  some  other  Paper*  nn  Subject »  connected  wilh  Midwifery*    From  the  *eeoRd  atid  enlarged 

Englif^b  editiott.    With  iwa  exqtii»ite  colored  platen,  aad  nmnerous  wood-iMi|a>    In  otitj  vijry 

handsome  octavo  valuinef  extra  clolh,  of  nearly  GQO  puge^^    {N&tff  K«ad^,  1807.)    13  75, 

The  present  edition  of  this  claanieal  volume  i*  fairly  entitled  to  be  ng irded  a»  aoew  worlCi  every 

iientenL^  having  beeu  carefully  rewritleut  and  the  wbuie  increaiied  to  more  iban  double  tlie  original 

aJKe.     The  title  of  the  work  *caroely  dws*  jt(*tice  1o  the  extent  and  iMiportnnee  of  the  toxica 

brought  under  coQfide  rati  on,  embracing,^  with  the  eJtveptioti  of  Ihe  operative  procednre«  of  inid- 

witery,  almoMi  everything  connected  with  obs'tetFie*,  eitlier  directly  or  iiioidentatly  ;  and  ilifre  are 

few  phy?iiciansi  who  will  not  find  in  its  pages  miifh  that  will  prove  of  great  itiierr^st  und  value  in 

their  dailij'  practice.    The  ppecial  E#i?vay»  on  the  Teriod  of  Humaa  Geataliun,  the  Signs  of  Deltvery, 

and  the  bpunloneotia  AiTapuiatiou  and  oiher  LentoDa  of  the  Ftetua  la  Uleropre«3iit  topicji  of  lb« 

hifrbesf^t  interee^t  fully  treated  and  beautifully  iliuMrati^d^ 

In  every  point  of  mechanical  exeoutiou  the  work  will  lie  found  oijtf  oJ  \\m  hattdtometl  yol  issued 
from  the  American  pre?*a. 


ir 

L: 


A  book  unoioally  rich  in  practical  tnggestiont. — 
Am  JaurnQl  Mtd.  Stirnewa^  Jan,  \b5T, 

TIjcp*  teveral  tnhjeett  to  interettina  in  them- 
pelves,  tin^l  so  imporlHnt,  ever}'  one  uf  theoi^  to  the 
UKJit  del icnte  anil  prFeii,>us  of  Rficial  reluMons,  fitttt- 
tnilbtkg  "ff  ri  TN*>  fu.rmr  wnd  tInmeiHc  p<»acfl  of  a 
fMniil>\  M  '  V  t»r  frtftprtEijr^  ^r  the  lite  of  Hi 

parent,  J'  i  wiih  an  eirp(iirii-e  of  cfiittMnt 

in  Inest  i  m,  ncuf eneta  utid  luttire  «»f  w^n* 

pifiiu|r.tiriirri>nE|r|r  >|  I u ^vbaletf  i?«,  aud  uf)«iiFptiNied  la 
medieine-  The  rtad*r*«  inl£r»t  run  uevt?f  fluff,  so 
freihf  Mnd  vigor^'Uif  and  eltttjcul  tt  our  toiihor^t 
snM  line  forgrfi*  in  the  ren^wi-tl  churm  of 
every  page,  that  Jl^  and  every  liaei  and  ^vtty  wor4 


has  been  w- 
preprtrati'  . 
Obatetrir 

poOi*'-  ■-■■-■ 


iiii:  |.-..  r 
vricaie,  Hi 
Intiuoith.. 

M    pAJff*    htll    M4>li      PNIP       I 

the  ffetieral  praietitiun 
rapi't'iiil  tntttfir  (ni  l 
pnthobigiat.'iV,  A. 
1^1* 


"id  rewelp^h^di  throiiah  years  nf 
i  in  of  nil  lit  hers  the  book  of 
li  of  its  nrveral  lopi^i;  on  nil 
l;1ff(Sn^^^cy,,  to  tie  everywhere 
:  of  t|tFclal  jnrispriidener'ir  at 
rtlToriliiiif  eirffninent,  eilnbljiU- 
I  rping  tlikr  thn  ^nrvtunn,  n^- 
ji  UHt  n>ertdy  Li]  itn  lecfil  re- 
:.   lliirdly 


M  workiru  interest  inif^ 


^ 


BLANOBABD  &  LIA'9  MHDIOAIi 


NEILL  UOHN),  M.  D,, 

6itrf»0»  iM  the  Feiiuij  Ivnai*  H(JBpit*],dte.|  and 

FRANCIS  GURNEY   SMITH,    M.O-, 

Ptrtf*?iMor  of  ln«iiLLiLei  of  MK*diciac  in  the  Penoty^vitaJa  M«]ieiil  CnlJq§e. 

AN  A^ALYTKTAL   COMPENDIUM    OF   THE    VA1U0U3    BRAK< 

OF  MEDICAL  i^lEKCE;  for  i he  V^^  end  Eiiimiiiaiicin  ol  StudenU.     A  ncwediii.jo.i 

ftnd  baprtn-ed.    hi  one  very  lunfti  mid  haud>timely  printed  royi^l   ISmo.  voiumet  ^^fi 

t*inii»»nd  (Mij^c*!  with  3T4  Wui^d-t^ul**     Strongly  bound  in  leaiber^  witli  raided  ImoidA.    $101 

Tbi?  very  ftattering  rpoeption  which  bfts  beifn  accorded  to  ibi^  work»  and  tbft  htc^h  ffftintBle  nlra^ 

uptJii  it  hf'lbe  profe**ioci+  as  evmi'e*l  bjf  (he  ciMi-^lanl  tutd  iiicrea#jn|?  dernund  whieb  hi*  r»[M«|a 

liHtiMfd  tw^^  Uirie«  9»ditJL»n«,  have  ^tjfiiulaied  i he  Authors  to  render  the  votmne  ifi  ti»  pfr^^^tit  rrtina 

m-M  "  '  -^k'li  hus  uUendtd  iu     It  ha!?  n-         '        '     "^  ^  "  '''r  mtiitt^ 

•ih!  '^  tK^cajiioos  e^curwd  nhserv?i!  ind  vbasstn 

Hfh!  "Tajn  ii  on  a  l«vel  with  iht9  ud  n  iolnadaMi 

Th'  on.!:?  uUlSuMfiUKiti^t  hits  been  gtttl  further  iiirrt^u^N^d  ajid  iiiuib  i{iitpri;»V«d«  vkilff  If 

a  ^  <iit«nt  of  the  pa^i  Ibeiie  v^iouai  addiUutu  hav^e  been  itictiipa ruled  wiili^lit  tCifffgii^ 

tiki  i'ouw.  <,-i   I. .4.  volume. 

The  work  K  ther^rcii^tftsrain  Tsreftented  as  eminently  worihy  or  (he  fm^or  wft h  which  itln^  ^ilhnlt 
hem  mi'fth'ed.  A@i  a  lx>i>k  for  duiH'  i^ff^rf  nee  by  the  »ludeni  requirifii^  aguide  to  hi^  more  d^bonii 
te<iEt-tMx*l£4j  a 4  s  manunl  IbrpriN  .  rinj^'to  ^litutiUie  their  fLiudenta  by  frequent  and  Aonnll 

eiamination,  oruHa  <-c)iirt^  fruin  jiriictkiioner^  of  older  dme  may  «««}1y  tti>d  dte«plf  aefvii 

II  knowlf*df!«  of  the  chaugea  and  ...f. . ,  ...icut  iu  profe^toual  scleiice,  iiA  reputatioii  i»  ^mMeM|| 
estalilimbed. 

tb«itiid«Dtfl  It  heAVT,  and  Terlew  ■Beeaatirl^fl 

eJtaniinnlJoD,  a  eotripetitJ   i«  n4k|  nolj-  ir«lHKU«v  ^ 


Tho  Wit  work  of  the  kind  with  which  wo  at« 

Havinir  made  frre  use  i>f  thili  ralttin«  m  our  ei- 
aminBtiri^Dif  «>f  pupUt,  we  can  ajfi^iik  fTOtii  exf^ri- 
^•tire  ED  rccdmrnendjiaij;  it  tit  nn  itdntlmtde  eampcnd 


Bmiaod.  A  worlc  nf  thia  i<>Tt  th^^utd  he  in  the  h^indt 
of  «rer^  oae  wtio  lukri  pup  lis  inm  tiit  office  witli  « 
Ttaw  orexiiiniAlng  tlifiii ;  nml  thii  ii  cmqui-jitiiifiiihly 

la  the  rapid  coursa  i»f  leeturUf  where  wc^rk  t<^f 


it  it  fllm£»Bt  a  iiii«  ^un  i«<m,     Tbr  uae  bdWfe  at  1% 

ic  inott  (if  tiie  d i v i Ai ^zii ^  the  tHir ^ a t  \iw\ n^xium^ 
of  all  brwTlcB  af  th^   kmd    tbut   ^^  1^ 

newett  lind    ■(luodeBt  df^ctrinpa  '«t  JBn 

provementi  ami  disct>v«ri«-a  nrr  iN^fi 

I  ooneiaclj*,  laid  bcfnrr  the  arMait      T-  i-Jt-  biafllBfl 

I  t»  wbcim  we  very  nQrei^ly  ^oAiraend  t*u»  i^lifftf  l«« 
a»  Wiirtli  it*  w;«ifrlit  in  ■ilver — ihiti  eUcm  ck  i  >r  rr^^A- 
otci  ID  dinlicine  nf  iii<»re  tliAQ  tea  y^ 
wha  tiavt  out  irudjed   m^dieinc  aimer 

I  per  hap*  find  nu  t  frttm  tt  th  At  tiie  ■eieiir<>  >  ^ 

etaw  what  il  waa  wbeo  Ckey  iefl  it  otf. — JA*  4»it;4i- 

I  i£dpa 


NEILL  fJOHN),    M.  D 


Profepvor  of  Surgery  ia  the  FeaiiKj-lvtiata  Medieitl  Oolleg:ei  ft^e. 

OUTLINES  OF  TnE  VEINS  AND  LYMPHATICS,     With  handsome  < 

pi  Dies.     I  Vtil.,  doth*  SI  25. 

OUTUNKS  OF  THE  NERYES,     With  haDdsome  plates.     1  voL,  clotL  %i  2i 


I 


'-A. I  &c. 


n 


NELIQAN  U.   MOORE),  M.  D,,  M.  R. 
(^  tpitndid  teori.    Just  iMjtu^d,) 

ATT.AS  OF  CUTANEOUS  DISEASES,     In  one  beautiful  quarto  volume,  acta 

i^loth,  with  splendid  colored  plates,  preeetitiiig  nearly  one  hundred  elaboraiA  rrproicMiiTaDtmi  4 

dif*ettJW,    S-1  50, 

Thb  beontiful  vohtme  i»  intended  it«  a  oonspleie  Eind  ficcumle  represent  at  ion  ot  all  the  rinew 
of  Di$eH»sH  of  I  he  Skjo.  While  it  cun  be  consulted  in  con  jtitit- linn  wj»h  wny  w*jrk  on  Fr*<^ke,  ft  ^ 
ei»pecjaj  reference  to  the  author'n  "  Treotbe  on  Di^a^e^  of  the  Skin,*'  *a  favorubly  reertr^  fef  tH 
profeasicm  *ome  year*  ginee.  The  ptdili&heps  feel  justified  m  staying  thai  few  more  beattafultf  tit- 
oi»ied  pJftlea  have  ever  been  preiMsnied  to  the  profession  of  thin  country. 

Tkiv  djtifnncit  of  rmptive  dtsenie^  Imwrver,  iindtr  |  p!ac«d  witbjii  tU  reach  nnd  ata  i|iadeirme»«««ltBMi 
■II  eitfutastiinc«at  if  very  dJffiirull.  Neverllttleca  acearatr  and  well  delfDenied  Beriea  of  platPt  ili»' 
Or,  ^difniD  tiai  eertiLiply-,  '*■■  fnr  ai  pMaaibk^*^  Imtinf  the  eruptira  diaorders.  TKr^sr  nltteawvtfl 
f  irfB  «  faithful  nnd  kecurnte  rcpresencnlina  ^if  thji  |  drawufTum  the  life,  and  ttt  tri 
einM  nf  ditmea,  aod  thtrre  can  b«  no  Uinubt  that    rt^niypehjtEhecD  cmptu^ed  w  • 


1^a*eplal 


Ilea  will  l^  M  E:rt  It  use  to  Llie  atddrnt  nnd 

i^uaer  in  i^i  ni^nuaii  ns  to  th»  dnaK, 

I  bikt:  tfit  parcii'olnr  cn»e  may 

WM1.  r  the  'VAilaa''  we  have 

mrr  iruJifo  the  ^^  Praeticul  Trea- 

tf''  lined  to  ci>»»i^t<^r  ii  a  very  »u» 

N'^  ■ '/  accurnti.'  vei  Lml  deseriptiofi, 

l_lhe  patholriify  niid  Uratment  of 


itype 

irki  f 


:lhe 


wnrlri  hb  thrae  ire  cApeciall  V  ^ 

titiimera,  who  have  not  an  ru'  'x^ 

rarer  forma  of  ru  taneou  a  d  i««  .  j  ik 

niii  nf  i] loitrntioQi  to  give  t  f i ^   .  jh^*. 

matiua  on  the  auhfect.  With  ih^m^  pUvtm  «i  1^ 
the  infiperienced  pmctitiooer  i«  enabled  w  di*«>" 
minaiewilh  much  aecuracy.  an*!  h*  i«  tho 
pvira lively  ipeakiDg.  put  *,n  an  r^ual  fmttj* 
thote  who  have  had  the  oppnrtiinily  f^f  riaid 
!a!Tfe  hoapitnli  of  Mnfope  aad    '  " 

JTffiiTitaJ,  lu&ej,  less. 


1 4 1  »i>^  *et .  -^Gloaif 0  *e  3f ^  d.  Jo  u  ro/i/ . 
TWfit«if«a&H«  nwciila  thanka  iu  the  piihiiahera  of 
Tftlllgiia*a  fttitlnf  rnt^nir-iii  Riarnnm^  for  they  have 

BT  THE  SAME  AUrHOt. 

A   Kt  L  TKEATI8E   ON   DISEASES   OF  THE    SKIN. 

in  vne  nent  roynl  iSmo.  voltimCr  extra  clolii,  of  334  pages.     $L  00; 

'  XW  two  Tolumei  will  be  sent  bj  mail  on  receipt  of  Fivt  JOoUarm. 


AND  SOIENTIFIO   PUBLTOATIONS, 


{Note  Campfefe,} 

PEAEIFIA  (JONATHAN),  M.  D.,  f.  R.  S,,  AND  L.  8. 

THE    ELEiSIENTS    OF    MATERIA    MEDFCA    AND    THERAPEITTICS. 

Third  Americnti  ediiion,  etilfirgi?d  and  imprrnred  by  the  eiithor;  indiidiri^  Noiices  of  mcwtt  of  Ihe 
Medieinul  Subatances  id  u^e  in  the  civ^ilizf^d  world,  and  rormiiig  an  Etievclopwdja  of  Materia 
Medjea.  Edited,  with  AddHiotiH,  by  Josefr  CASSONt  M.  D.^  Pmfi?i»*or  of  Miiteri»  Mi'dim  and 
Fbarmacy  in  Ibe  Universiiy  of  Pennsylvania.  In  (wo  very  Earae  mnavo  volumusofSKKl  im^v^t^ 
on  ^mall  typ«,  wfih  about  aOO  illmilritioas  on  stone  and  wood,  BLrongly  bound  in  Jeatber,  Witll 
Twised  bandit,    f^  00, 

Genlleinea  who  have  Ihe  fir#t  volume  are  recommended  lo  eomplefe  their  eopi«a  wtthcnit  detny^ 
he  ll^^t  volume  will  no  longer  b*5  sold  ^CMraLe,     Pric-e  of  Vi>L  H.  $5  00. 


The  ll^^t  volume  will  no  longer  b*5  sotd  »e[}«raLe. 
When  we  Teuienibor  that  Philolfiffy,  Nnlunil  Hi»- 


The  third  v<5itinii  of  his  "  Ktrmenti  nf  Mutrfta 


Cory,  Eotnnv,  Chetniitryt  PiiyBJct,  and  theMipro    Medjca^Klthough^umpLMed  umlpr  the  iiipirvriUit]  of 
■cnpe,  afu  all  brought  fiirwiird  tf>  bjuridntfi  the  iiab-  |  othf^rii  ii  by  5tr  tb*  ii]Mit  tUihttmtf^  irruiytK  m  th(» 


jiee'tT  ono  cannot,  fail  tu  lee  that  thr  r^ad^r  has  here 
a  wf^ik  w^inhy  of  the  name  of  an  enc^r^htpfledm  nf 
Materia  Mcdica*  Our  «wn  u  pin  inn  of  iii  mentt  ii 
that  of  iti  edltoraf  and  alio  thntuf  the  whole  proff:!' 
■ioD,  bnib  of  thii  and  foTci|rn  conntric*— namely ^ 
'*  Ihat  ia  eopionmeiB  of  detajli,  in  entrnt,  variety, 
uid  ncciirAey  of  iaformatinn,  and  in  ladd  eJLplnna- 
tMtm  o{  difheiikand  reeimdiie  itihpeti.  it  turpauei 
■tl  other  worki  on  I^Iaterin.  Mfditra  liithi^rlo  puh- 
Ufthed.^'  We  cnnnol  cIoa«  thii  mitice  withoatallad- 
inc  1^1  tri«  tpecial  additioQti^f  the  Amerjcun  udUor, 
wnJcK  pertmU  to  the  promln«iit  vegetable  produe- 
fioni  ot  tbia  country^  and  to  the  directkmi  of  the 
United  9t«tei  rhasmad^tptBia,  in  tioaneeiinn  with  all 
Ihe  anil- 1  en  containeil  iia  the  volume  whteh  Are  re- 
ferfed  to  hy  it  The  itUaCrationi  have  hctto  InereaBed, 
nod  thit  editii>D  hv  Dr.  Ciirar>ii  i-Qoaot  well  be  re^ 
^rded  in  any  other  lif  ht  thtm  that  of  a  treniure 
which  Mhoyld  be  foaQil  in  the  library  of  every  phyii - 
eian^-AVw  York  Journal  of  MMdical  amd  C*>liAt4r*tl 


EorUah  lanfua^e^and  wilU  white  mediL^nl  fiieratare 
ii  cneriihnfT  fiontinne  a  mortijiiient  alike  hortoriibie 
to  hii  feuiiitT  HI  to  hiM  lenrning  aail  industry. — 
Arturietm  Journal  of  FActrmucy. 

The  work,  in  iti  preient  ihape,  forini  the  m^iat 
canipreheniive  and  complete  treatiae  *m  inateria 
medica  extant  in  the  RagltM^i  inngango.  —  Dr» 
Pereim  haa  bc«n  at  f  r«at  pniat  to  ijitrcKluee  into 
hit  work,  not  onJy  al)  the  infiirmatton  on  the 
Emtaral,  ehemicaU  antl  eomnierciial  hitLory  of  mrrLi- 
einei,  which  mi^ht  be  tervicealde  to  the  phyiietiia 
and  iUTg(«on,  but  whatever  miffht  enable  hii  read- 
era  to  underatfiad  tbctrou^fhly  the  miKle  of  pri? par- 
ing and  nui  mi  flic  tu  ring  varioui  article!  «ai  played 
either  for  prepiiriog  medicinea,  or  for  certain  pirr- 
poaea  m  the  arta  eooneeted  with  materia  merllni 
nnd  the  practice  of  medieine.  The  acc^mutvuf  the 
pl)yiiiih>|^icMl  anii  thefipentie  flCeeta  of  retnfrdif^ji  ure 
givro  with  gT«ml  eleNrne«a  nml  ne^iiracv %  and  in  a 
manner  CJikutnted  U\  intoreat  aa  wi-ll  aa  yiaErniei  tim 
reader ,«£iliii£«iTfi  M*dUai  and  Sttrgtcmi  Janrnal, 


PEASLEE  (E.  R.),  M,  D., 
Profeaior  of  Phyiiology  mud  General  Pathalogy  in  the  New  York  Medieal.CoUefa. 

HUIMAN  HFSTOLOGY,  m  its  relatioua  to  Ana  torn  j,  Phjdology^  and  Pathology; 

for  the  uf^  of  Medical  Studentp*.    With  faur  hundred  and  thifty  fouF  illdttralioai.    la  ofie  liaiid* 

»ome  ootnvo  volume)  of  over  000  pagea.    {Nqht  tUady.)    $3  75, 

The  rapid  odi'anocB  made  of  late  years  in  our  knowledge  of  the  Btrtietura  and  fundjons  of  the 
dementi  which  oon intitule  ihe  human  body,  have  rendered  lb«?  Mibjefi  of  lii^tiolcig-y  of  i he  hif^hcKt 
importance  to  all  who  re^rd  medicine  a«a^eienee.  At  the  i^oitie  time,  the  va^^t  b«ufy  of  luc^t!* 
covered  by  Phyf^iolog-y  ban  cayi^d  our  text-'boukft  on  that  subject  lo  bo  nec*#?arily  restricted  in 
Iheir  treaimecit  of  llie  portion!)  devoted  to  Histology.  A  want  ha*T  iherr-ilsre,  iiri*en  of  u  work  de* 
voted  c>pecialiy  to  the  minute  unatomv  of  the  body^  giving^  a  tmmpleti?  and  dernifed  Dccoimt  of  (be 
stfuciufe  of  ibe  various  ii&^iie#,  n,4  well  a.'^  the  Bolide  ami  (biid^»  m  all  the  different  ofgan?— iheir 
fumtTonj^  in  be&lth,  and  ibeir  cbnn^^  in  dii«a^^  In  undertukrTi^'  thi-«  tu^k,  the  aulbor  ba^  endea- 
vored to  pref«ent  bin  ex^Ten^ive  aubjeel  in  the  manner  moftt  likely  tu  intefest  and  benefit  tbL-  phyiiietim, 
eonfick-ni  that  in  these  dttuil,*.  wJN  !«  found  the  bas^i^  of  I  rue  medical  ^cirnce.  The  very  hir^ifa 
number  of  illwtrntjooH  introduced  ihroiigboul,  serves  amfjJy  lo  elucidale  the  lext^  while  Iha  typu* 
^apby  of  the  volume  Will  m  every  res^pcet  be  found  of  the  JtMidaomeat  defcriptMn, 

PIRFIIE  (WILLIAM),  F,  R.  S.  E,, 
Profeaaiirof  ^utf^cwj  in  the  Uuiveraity  *tf  Atif  rde«a* 

THE   PRINCIPLES  AND  PRACTICE  OP  SURGERY.     Edited  by  Joirw 

Nkil^  M.  D.,  professor  of  Surgery*  in  ihe  Penna,  Medical  College,  Burgeon  l*>*he  Penn*ylvi*tiia 
Hu^pitai,  dee.  In  oqq  very  bttadftome  octavo  volume,  lettlber,  ofTSO  pvgiea,  with  3ld  tlUiitmiKDti*. 
t3  15. 


We  know  of  no  other  nirwieal  work  of  a  reaton- 
pbte  li^e,  wherein  there  ia  aomueh  thrnry  and  praf'- 
liee,  or  wbrre  aobjeeia  are  more  ■oundly  ox  etearly 

Th*re  \%  ■eareel|'  ■  druAte  of  tiie  honea  or  left 


tnrta,  frnrtnre^  arUialoeati^mtthAi  is  ant  iUnvtraled 
by  aeeuraie  WDod-enc mvinga.  Then,  miili  every 
Inatmment  employed  by  the  aHrfcwin  14  tnaa  rapre^ 


HOted ,  Ttieae  encravjpi^a  are  not  tmly  correet,  bal 
naally  beumifal,  ahowiag  the  aatifjiisbin^  def  tee  of 
pcffeetioj]  to  wbiek  Ue  art  of  wuud-eiif  faving  haa 


arrived.  Prof.  Pi rrie,  In  the  worlr  before  aif  haa 
flUliir:trHl«[y  iH«rtifece«l  tbe  prinrtt^lea  of  anrgeryi  )&nd 
■  anfe  and  f^ltiictufll  pf***"(ice  prcfticaKd  un^n  them, 
pcrhaoi  so  work  ofKia  ihln  ttitiifct  h«^Tct)tr'tre  itauett 
ii  mi  foil  ap*iB  the  trirntfl  of  the  art  t%(  juripery.— 
NmhrUU  JtnrmJtt  a/  J^Uiiitim*  and  SwrrTf. 

One  (rf  the  bnt  tfeatiarann  aurfery  la  tb«  Haflfik 
lawfUHfe.— f'rtntti^/it  JiUd  Jtrntn/tl. 

Onr  Liiiprei«kofi  !■,  that^  aa  a  manual  for  itndf<ni«| 
Plrrie*«  la  Ihfi  beat  work  eatafiU^lTttlifii  Med.nnd 
Snfg.  Jtmr/^aL 


PARKER  (LAN08T0N), 

^mr^tfm  to  the  t^qeen'a  J{cj«pliaJ,  Birmiiif  ham. 

THE  MOBERX  TREATMENT  f)F  SVFHIilTIO  1>ISEA.SES,  BOTH  FBI- 

MJiRY  AND  SECONDARV;  mmpn  "  f^m'^nuMuuiil  eorSr*  r  ?yphi* 

llj^t  by  ft  aaie  and  muf*^j^»(iil  mclhi^dl.  ,  t^orrnulii'i  mui 

UaOM,    From  the  Third  wid  eniirely  t-.  .un.    In  one  oerM   ■ 

exlfmclatli,  of3l0p«gci.    |t  75* 


■olo 


BLANCHAKD    &    LEA^S  MEDJCAIi 


PARRISH   fEDWARDj, 

L^pmrer  on  Pnetieiit  PtiMriii*cy  und  Miliaria  Medi^rtt  in  tJie  I'^5.iifl«yl«itt|»  Aead«cay  of  Medieise,  ftv. 

AN  INTKODUCTION  TO  PRACTICAL  PHARMACY-     D<!slgiied  us  i  Teii 

>5ook  kif  ihe  SiiidFiit,  Bfid  6^  6  GuuJe  fm  ihis  Plij^kmn  aud  PhiirfiiAceuiUl*  Willi  mmaj  im 
miiln'  and  Pn?f^cripiH»n*.  In  oiia  liuijdnoitie  o4;tHvo  ^rolyme,  exi rn  clijih,  af  550  pvfcs, «nh. i^ 
Illufttriiljorti,  S2  75. 

A  earrfiil  rXftni1n«tinTi  iif  thja  wnrH  i-nnblei  tii  tO|  Mfldteit  |  it  rnmiliiiTLXrB  him  vt\t\  t1ne  i 
M^ruk  <n   it  111   tlir  Uii?Tfr*1    U<■im»,iii^  lif-Mij,'    Hi"  iTtt     itf  ♦If  irL-"! ,  uild  tiippliei  iho^r^  rriifSLJit-i:  Hd-hich  I 


met, 


fa  caa   iiYips.rt. 

tJlld   ttllB  VulaTTli".- 


T^irrc  ti  no  titcful  infom 
II  pjth  ceil  r y '  ■  fi  r  CI  lu  n  t  T V  pit 
'     itec4>nlinf  111  ii^-*  M.  **  ii.... 
'  I  11  li)^  ail"  I  till  wtli  li 

'  .  b!e  mpdieni  fcn'.'. 
I  tula  Ui  tllO   C%llll|- 


'<«ia«f»r 


irl™ 


util 

fltnitu'^'.,  ami  \ttu,ciitru.l  InrjlA,  tiud  Ujr  \^'!i>,rLe:  ib^lLu 

irnlpd  by  «  UrgeBHintirf  chf  I'l^crlkj'ii  wiMjd*eii^riiv* 

TKii  ii  aluigelher  oni?  c*f  llio  moii  nucial  Ixioki  we  seriptiticii.   Tlie  wroi  te  u  kj \ 

hiivei  iipeb.     It  ii  iunl  wlmt  w>!  hiivr  Unif  frit  t^}  be  in   thti   Lniird  ^inteA,  aqiL 

l,p^,u.i  I..    ...... II, ,..,.r...«   .ML. I.......   '  nrnctitH'tiflTB  m#"niie  iJLk. — jYofAriJ^*  Jt^ ■»>>»-,*  ^^   ^.^^'^r^c^e,  j»^t4* 

«(  '                                                                   I  try  Iwve  Lit  iB&ft.                                                                                      I 

P*^"                                                                    .«(K>n  every  WBurefljiH  to  r^eirv  thi*  PicM^>T;t  w«it,  I 

?riiiUy  by   Lhe   ttiiilemt   of   V  \  l«^ 

t>f   phyRiciiLniF   are  t*l 


••m  ■.euif  niauucf,  niiii  ail4i|,i[?<d  tti  Llie  I  f||f|Hpt>ii,|| 
if  nil  whey  utmy  ri?i(cl  it.     Nc*  detuil  |  ,Tiiiiiirity 

th*iT  own  nii?il  11^1  nm,  m^tl   tu 


fifTii 

Ku*  "' ■ ii+nl.  howevei  tJi'viJil  it  msiv'iwmjii 

tti^kUAti  remLJiv  Ufipnrtaiit  Nj  tJ'iedxiiTFaaer  urm<:iliEine+ 

t<*httlh  the  conn  irvpraeti  Ijf^nfir  BTid  th?  city  npo- 
tbrfvry  tliin  w>>flc  of^  Mf .  Purneli  in  a.  ^roitiend.  A 
eiiireful  itudy  of  iu  eu&teitLt  will  eive  th«  y«oti|r 
g^Tndonte  n  famitiurity  with  the  vflliie:  jtpd  rnnilt^  iif 
ndniiiuiteriiiK  hit  (^rfi^nptMibt,  whkdi  wjil  he  iif  ni 
much  flic  to  bit  paUeot  ai  ia  hiuiicl/.— Ka,  Jlf<d:. 

Mr.Parfiiii  liAi  rendered  a  v*fymerrpt«h1e  trnrice 
t«  the  pmcUtU'Sier  «tid  stuiff.tit.  hy  TiirtiiJihiu^  tbii 
b*>iik>  wlnif'hi^cinfflini  the  leading  fFieti  ttiiel  pfiiiHpk* 
fif  Hie  Kcifiiec  of  FlNiFnificy,  <:iinvt^pie[itly  urr^n^ed 
fnr  ■ludvt  »nd  wUli  ifweiiij  rHtttrac^  tii  tln»ie  featurpB 
ni"  ihi?  mhj*'^  whicJii  ptmaefaoD  fctpfKrial  pravtictti  ia« 
(creat  ttr  the  pTiyiilfiiin.  It  ruroiahea  the  atudrnt,  at 
the  crjtnitnrTief:«ieHt  t»f  Kia  alUilieat  with  that  infur- 
irt^Kiiiti)  will  eh  ia  of  (he  f  rcateat  importnure  in  iai- 
liutjng  liJUi  into  LiiedumiLiiiurCueiniitry  ajid  Mutfrnn 


tll^in    D  U-.  rt  «ini| 

kifld  11  iodUpenniitjie. — N,  O.  MtditAt  mmd  S^fM 

Wp  enntioi  my  but  ilimt  ihtJ  Tolume  it  «At  4^  til 
trioit  wckumtr  und  nppropnatc  wJjhrti  li«afV<ri(0% 
time  been  ih-uriij  iV.^jh  ri,^   nr.-,*       u  <il  i  ^,.tii  ^i.^ 
we  douttt 
eakticin, 
and  phurn 
prttttitiiir 
have  to  pi 

iiiHtani-eB  U  - ,..,.,    ^  , 
whatever  the»e  mmy  tie — jj' 
ail  if)  lo  innnufiiftu^Te  th«   r 
upfTti  lf>  flditiitiister.     The 
the  idea  jji  wntLivg  ihit  ¥'  ' 
fipil  in^nLutkble  to  iliMaf;  tfi  . 
BiiJts  of  the  pr(ir<rHai(ia«  nmJ  i.  .. 
ler  upfTn  the  field  uf  {irufeaaiosb:  * 

i^anc^f^  Murcli  St,  ]J&^« 


RICORO  fPJ,  M.D*, 
A  TREATISE  ON  THE  VENEREAL  DISEASE,     By  John  Hunter, 

Wilh  <?opioiiJi*  AddiliodHj  by  Ph.  Rigorh^  M.  D,     Eiliti*d,  wilh  Nole^,  by  Frekmax  J.  1 
M,  D,     In  i>ne  tiand3'i>mc  octavo  Vulunie,  extra  cloth,  of  5"^  p«gi2^,  with  plates,     S3  25. 
Ever?  ojie  wi?l  Tccn^nize  Uie  aitmirdveiieii  and  i  "ecreisricj*.  •ntaetimea  acf  rt^dHei)  and 
value  whkh  thin  wark  derivt>!«  friDm  ihii»  prciieiiitrig        In  the  nntet  to  Huutrr.  (hrf  m  i«ir^r  > 
the  opini«ii«  of  ihe*e  two  muMer*  ftide  tiy  side.    Bdt J  ae|f  for  hifl  interpreter^  .  .     , 

jl  tnutt  he  Ildmit||^d,  whAi  ha»  irrndr  lhe  forruiie  of  j  to  the  worhl  Jti  »  lucti! 
the  hook,  i»  ihe  fuel  ihnt  ii  cfrfitains  ihi?  "nio*t  ironi-  tit^F,  lii  <Miin.  fu  nn  .. 
dete  ciiihutljment  of  thfc  ventBble  doi'iriue*  af  tiie  1  reemhH  i^^  .  syi*hiUt- 

ttr*'  ai'ipi  lo  iioi  oAra 


I 


that  It  mil 


plete  c 

Hr>prtal  difci  Midi.*'  whic)i  tim*  evei  Iti'en  rtiBde  puhhc. 
Tliedocirinti  idi?ii4  of  &1  Ricord,  idun*  which^  if  not 
UlUV(^^9wlly  Adapiedtare  in^-ootiistAttiydomttiiiiii.  tiHve 
hafvLofore  oulybfStfn  ititbtpr^ledby  moreorlcisfikdrul 

BY   THK  SAMS   AITTDOB 
ILLUSTRATIONS  OP  SYFHrf.lTIC  DISKA^K. 
Traitiiflted  hy  TiiaiiAi  F.  Ukttun,  M.1>.     Wilh 
fifty  t^Tg0  qaariQ  colored  platea.     lii  oae  {urge 
qaarto  Tolitme,  eixtta  clulii.    §15  00. 


for  et 


that  It  miij  hiHj  a  plucc  in  ihe  til»r»ry«f  r 
aiciai].— rirtfia4aAf«|.  and  Sirr^.  J^mtnmi. 


LETTERS  ON  STpHILlS,  md^r^mmi  l»l 
l^djior  t»r  lhe  Uaian  M«i<lie«je,     Trmakfatt 
P.  Lattiwoeis,  M,D.     In  ooo  oett  oetafWI 
tune,  (»r:^7Upagc«,cxlfmclolA,    Si  00. 


SenioT  Phyairinii  to  the  Getieriil  Lying- iu  liovpitaLi  4ke 

A    SYSTEM    OF    MIDWIFERY.     With  Notes  and  Additional 

Second  American  KdUioii.    Une  vuliiiu^  ocIbfoj  extra  clotJbi  422  pagea*     f»2  50i 

BY  THE  SAME  ATTTTIOB.      {NoW  Etody^   1S57.) 

ON  THE  CONSTITUTIONAL  TREATMENT  OF  FEMALE  DISEi 

tn  one  ii^ai  royat  l2tno*  volutiie,  extra  dialh^  of  iibotit  250  pagea.     ft  00. 

The  aim  of  Ihis  auttior  has  been  ibrotighciiit  to  pre*^nt  iouiid  praor 
•iibjeel*  undt'F  cooftiderBTioh  ;  uml  wiihtmt  enteriug  into  IbeorcDcuf  iiiH|. 

embody  the  reeiills  ti(  hi%  long:  Btiii  extended  experience  in  tneh  a  cl.' .,.^..  . 

^asilf  atsceftviblfi  to  llle  pfieiitioner . 


BOYLE'S  MATERIA   MEPICA  AND  THERAPEUTICS  ■    mdndliUF  Ikl 

Pret«»rfltioti«  of  tbe  Fhtifmacoptin'*  of  Londuti,  EJIiikirirb,  Dubjm,  and  of  Ibr  tTn^if^ 
W ilh mat^y  TKft^  me dk i nu » .    E d 1 1 c d  by  J mis f ii  U a iii«o w,  M . I) .     With  iiii>«t v-«irtit  ill«     ' 


7 


.JibJL 


AlfB   SCIENTIFIC 


PUBLICATIONS* 


H 


RAMSBOTHAM  (FRANOIS  HJ,  M-D. 
TnE  PRINCIPLES  AND  PRxlCTICE  OF  OBSTETRIC  MEDICINE  AND 

3URGER  Y|  in  reference  lo  the  Pi-owsh  of  FiirmritJun.  A  new  and  enlarged  editiout  (liOfOTjifhIjr 
revimfd  by  the  Authur,  With  Additions  by  W.  V.  Ksatino,  M,  D.  in  twrn  lurgt*  and  liEiiid>um€t 
LJiipeniil  fK-'iBvo  volufTie^nf  60Q  pug^v,  f trung If  Ixnmd  m  leaihi^rf  wiih  r«i«ed  biind^;  wJiK^ixty^ 
four  btftiiilifixt  Pktetit  und  tmmerouft  Wcj<>d-€Uii»  in  ih«  text,  coniaitiifi^  in  ftlJ  ueajrty  twu  bunclrad 
large  liiid  betulifwl  figure*.   (Loi^/y  I^tued,  1856.)  t5  00. 

In  calhng^  the  atleniion  M  the  profei^iiun  lo  the  new  editiun  ot  Ihifi  #!iindafcj  work,  the  piibli^bers 
Would  remnfk  thwi  lu*  etJuri*  tiave  been  »«p(ired  to  eecnre  for  h  a  eimtmniince  nud  exitHu^ion  «f  (he 
rernarkiible  lavor  with  which  it  ha*  been  received.  The  last  Lcmdon  i?»siie5  which  wai^  cuONflern- 
biy  etilHfged^  iiaii  reeeivud  a  further  rt;vi»-Jon  from  the  anthori  eMptjcmlly  for  Llii^^  comilry,  It«  paf- 
Mge  Llifough  the  pre*&  here  hu*  been  *tij»enriBetl  by  Dr,  Kenting,  wii*>  htiK  iniitle  iiunierou*  uddi- 
tiuiiti  wiib  a  view  of  pre^enijng  more  fully  whatever  was  nece^^ury  lo  adupt  it  thoriji^hly  lo 
Amer^cuti  liiixlt:^  of  pruulji^.  In  its  inechanlcai  execrutiouT  n  iike  »ujieriordy  over  farmer  cdilioai 
will  be  fuiifid. 

^owi  Prof.  Hod^tf  &f  tkf  Unimrntif  of  Pa. 
To  the  AmeritJin  pnbLJc,  it  it  m<>f  I  vnhLabk,  rr(»m  it«  jntrintic  undoubted  »ceHr»^r«  knd  ai  b«iBf 
tli«  bcHi  niitlioitzcfl  6s^tfOQ<fot  afllricj»h  Midwifery.    Its  ciranlatiua  wiJI,  I  tf ittt,  haait«aiivG  ihruug boat; 

The' piibtKbeTi  h^ve  vbown  thrif  a|ipr«cimtioQ  pf '  cine  and  Snrgery  tw  nuf  llhmryi  and  timrfidentlj 
ttifr  m^ritmi>t  ibii  W4>rk  and  lecurtd  Iti  iU(^e«iabyf  Tecouimc'Dd  tt  in  our  r«itder«,  with  tl>f  miurniica 
IHp  Irplx  rlr^nat  it)  I&  in  whdcti  (ht).'  have  brunght    thut  it  will  nm  ititupmiiat  Lhe^ir  mrM  iMtngtiiDe  ex- 


I 


il  itntt  fX^tlhrLg  ttit^micJvfffl  in  tti  priHlkietinUi  empt' 
ei«Uv  bi  it4  pluicfl,  it  jidetliciitrd  tii  Prof.  Meifi, 
and  linB  (In?  ciftplintJC  eaiJiiraemeul  of  |»n>f.  UiHtgef 
■a  the  be  it  rKpiinpDt  of  Briti«h  MitJwifery,  vVe 
Itufiw  fH'nc)  td(-bufik  which  iie*£rvra  in  all  r«iji]H>eta 
Uj  bfi  iiiort:  tngtily  leci'nitneuileil  lustudentA,  autl  wn 
cniiM  With  tu  fli^e  it  in  ilic  ]bnni1«(>f«v«iT  pnicliti4>n«rf 
ftif  they  Will  And  it  iavuluttble  fcir  reftrencc '— Jtf«il. 
Qa%ttu* 

BtiliJDee  in  al'^ng  timeiompbrjIlkiiQt  grnini  rcufa 

hill  hi*ud  iitnive  ihc  htitiXtm  uf  Aririiec,  iinul  iliuitii- 

antrtRniJ  p  tie  J  (it**  every  dt-purtiiiexit  thJil  be  invcdti- 

galeii  Hftd  liifl  worki  beeume  l>';jti^  by  iv'tili'N  innu- 

iD^mble  4iniijiiiiri   iiukIcI  their   f^t^lde    pffJciuctiimB. 

Biueh  fi  irfniui  w»  Hnd  m  tke  yn>iFi^er  RnrnHbrttlinm, 

ficiLi  miiMi   1  !j.pe  we  dnJ  in  llie  wuik  nnw  bfrfiire  ua^ 

4 ,  prtpi-r,  ty^nst  the  c-n^nivkng*  unil  w<mkI- 

I  n*  exvtiHfui  u«  iLt  make  Eiiu  biHilr  une  nf 

.E-einiFiii  <y(  Ibr  urt  uf  print  iij|;  Ihut  hmvc 

n  W4hfy*wiiir  rtputiihtjn   lo  ita  cttlf-f< 

liWrnl  puhljsher*.     We  wek'i^mp  Rimt* 

VI,. ......  ^  it'cinnplles  and  Practice  iif  Ubitctriif  Metli- 


It  ii  anft^^r^iwiry  to  wiy  nnythinf  in  rrfrnnl  to  the 
titi  lay  of  tbii  wiirK,  1 1  ii  already  npprt-cinlril  in  nuf 
euunttf  f<ir  lilt?  FPlue  tjf  the  mutter,  tho  elfiirur»i  of 
j!i  ityle«  and  the  fotnpii  nf  iU  illuitnitirtni.  Tu  ther 
phyaieinn'i  librHfy  H  it  incli<peu«nye^  while  tu  the 
■ludFJxL  Qi  i.  ifKl-btNikt  fniin  which  tcj  ejiirant  Uie 
innLcrinl  fttr  l^iLyiD;^  the  ibunditiunuf  aat4uontii*jiija 
ohitetrieal  f^'i^nce^  il  hiMM  ao  aiijicriux Ohio  Mtd, 

€LHd  SMTg,  jQMTftal, 

yv»  will  only  ftdtf  flint  l\w  tlndent  will  lentn  frum 
it  all  he  need  tn  know,  and  th*i  pruirti tinner  will  Gad 
it*  ni  a  bcjok  of  refererieeiiurpjiiied:  by  bvac  uiJier.*— 

The  chnmpter  and  ni«ritt  of  Df,  KiM>^-!...ii.-nit*g 

wii  r  It  nre  i*  >  wtil  1  kn  r^ wn  ii  od  t  h  <>/«  m  |j  r'  d  ^ 

that  com  men  t  ii  untite^iiiury  nnil  jirn  .  .^^i. 

T>-  i|i..vrr.,^^M.«    »|...■^...r...,„^aer.i^... iate, 

i  J-'ofaft       VV  e  ci^ftacit 

h  tuuurri;addrK,<^SJ^ 


ROKITANSKY   ICARLlp    M,  0,p 
Cunilof  nf  the  Iftiperiiil  PutMidiigif*ftl  Muitumi  and  PrefcKMir  m  the  Unirefaity  of  Vi^niiftT  Ae= 

A    MANUAL   OF  PATHOLOGICAL    ANATOMY     Four  Tolumea,   ocfcavo, 

iKJiiiid  ni  two,  fxirn  rb>ib,  uf  nlit>ui  J'JW  jmg:e?.     Traii!*luitxi  by  W,  E,  SwjinRj  Euwaild  tsievx* 
XiJiG,  C.  IL  MorjRE,  luid  G    E.  Day,     {Jti.^t  hutttL)  Sit  .'jO 
Ti»  teiulE^i  ibif^  (urg^  und  iiuportunt  work  more  i^n^ry  oJ  reference,  arid  at  the  tame  tit^ie  leii«  cuni- 
broyftaitd  costly,  the  fbur  volumea  have^ea  arraoged  ta  iwt^,  r^tamiug,  howuver,  the  fe[wnte 

The  pi  I  ht  is  hers  feel  much  pleasure  In  preset!  linn  to  ****  pn^i  -^tate*  theprteal 

work  of  Pfuf,  Rokitmii'by,  which  if  univerf^utly  referred  lo  i^  nty  by  ihe  pn- 

thoU.gi*tj.  of  alt  udliutiA.     ITnJer  ibe  Uil^pict^?«'of  the  Sydeiii .,  ...  *.,....  ^^..,,  ibu  iHiinhmt^d 

Ju^of  of  fuur  trans^lulor^  hus  at  leaj^th  ovi^^reome  the  aim^>^t  in^uperuble  ditQonltiea  which  have  m 
U*ji«  pfeveiilcd  the  uppe trance  of  the  work  m  an  English  d re Pii».  To  n  work  *o  widoly  ktiown, 
ciji^ifV  is  unneoe^wary,  and  the  publi-in  "  mcvrcly  Mnit*  ihut  it  t^  ^aia  to  Cunlniii  the  reHiilis 

<.i|   not  itsit  than  tuikty  THoi:t?,A\i>  pc  viinaitJuLiuii^  tttnde  by  the  authur^  diligviitly  com* 

fniir.'d,  ^riieraJizedT  and  wftiugbt  iniL*  oli_      ...j  _.i:  ntid  harmiHium*  ^ynftrii* 

Vu**  priifeMJnn  ia  t*Mi  well  aciiaiiiated  with  tbe  re-  an  ch»rf  eU  hU  texl  with  vnliuihle  trnlht,  that  any 
'"  ■    '  ■    ^  *  attempt  of  a  wifirw^'r  t^t  i-piromlxe  isitt  once  |»iifa- 


iL*oni»r  RokitnQik^'^i  work  to  ni?«d  our  ataur 
MiM  -"  tJiiit  Uiii  itoneot  the  mi'«t  prcircund,  lhofOMj¥h| 
it  n-\  viiuMhIc  titioki  ever  iiiued  froni  thr  iti«dii,M|.| 
pr^-M-  Il  ti  ji*isfM#rtfjT,ttn«JhaiB(>it«ndardof  colli- 
p"i  I  iiton,  li  ii.  only  titec<-Hiry  ta  nnndunc*  t1j«t  it  il 
iMFiini  jrin  fMTfn  t»ielieap  Jii  ii  doitipiiiitjie  wiUi  tL* 
Ai.y.r  Bntt  preiirrvutioii,  mnd  Hi  tvle  Jotlowa  na  a 
mniifxi'  rtf  i3L»utie.  Nr»  hbrnry  frnn  li«^  f^iille^l  ^om* 
ptete  without  It,— ^tfJfaJn  iMrd.  JpvtnnL 


lyjtedj  unit  jtmil 

Ai  till*  ii  Ihe  i.  I<e  iii}!^!! 

tbt  iuH)«ffttnl  ill'  .,  no  tmi 

■  tuiJriit  ('iin  iiifur':  it  it.     Tue^  J^mr  nrnrt 

pLildlilicrii  NmVii  f  1  '-Ivifi  t<*  iUp  tlMiliItt  of 

the  pri4t  j^M.ni  ^<i  ■  .  ly  ,  fiif  ttiii  lito4*oui  ittidt 

Ai  .  r  rriice.ilief«|'(»reMhii  wtMk  itin'l 

iilen  j  (TOVr'ii  11..  hLinnoLe  v«hie|«nd  iA*e  futiti-H  loohlrhW 
reroitimi.act  it  to  thf  prulf«*ioD,^C?^arJ:£jiloH  ilit^i, 


t  m 


An  Ntteinpt  to  iftve  *.,; 
»f  tlie   VMul  Amount  m  .  ,„  ,        j  «      ^         »■        .   ,« 

theifl  voUinea.  woiild  1..  ,  The  I  '^"^^rm^*  ^*^  A#trwi*f,  Jnu,  iH&fl 

eiToft  of  Uie  diiiitigLii*ii'a  muHmt    io  rr'n-'fitfnto        Thin  iKiok  ii  a  aeee»»ity  tu  every  praellliooar. — 
in  a  cuniJl  i{Hice  liii  f  real  fund  uf  kjQt}wIed|[e,  hat  I  Am.  M«fi.  MfmtKi^. 

^CHOEDLERiFaiEDBICHJ,  PH,  D,, 

ProfMio;  ui  the  NntumI  ilcieneea  at  VVurint,  &e. 

THE   BOOK   OF   NATURE;   nn  Ekmi^iit^rT  iDtrijtliictloa  U\  tfte  BcieaccR  of 

Phyi^ic?*j  Asinmomy,  CheuiiMry,  Mir^erubi^',  GeiiU.'uyrB<4Knv.  Zoi»3or*%  ni'^  I'tty^iokjafy,     First 
AtnefH'un  ediiiou,  with  a  GUi^rMiry  and  uibcr  Addit  -la   the  nec^jnd 

Engh>b  ednion*     TfiiiiJ»Iaied  fruiu  (be  pixih  Urrmmw  ,,  F*  C*  S,,  S^. 

Jnone  V'oliimei  *aiiiU*?ciavOjextra  cloihj  pp.  fjlV^,  \%,  1  i. 
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BLANCHARD   &    LEA^S   MEDlCAU 


SMITH    (HCTIRY    HJ,   M.  D., 

Pror«*or  of  Sufger)'  In.  the  Univeriity  of  Peiiiitylv&Jita,  ftc. 

MINOR  SURGERY  J  or,  Illut§  on  tbe  Everyday  Duties  yf  the  Surges. 

»L*mi»  ruyiib  limn,  volume,    pp,  ititip     Id  li^ailieTt  $2  25;  tjxim  ckiih,  i>2  UO. 
')<.n  i^(if|Eery,  hint  iiiiythitig 

Tri. ii>.i  iiLiii  luLLc  LjiMletilf  Ur.  t§iiiitlj'i,— Jfi4f,^ 

thi*  i.r-iKiiiiui  lUlIt  w^^rJr  hM»  twrh  ^ompiltd  wUli 

: ,  ^c.uiul  wrll  nntt  ndly  hUB  flie  ikutluir 
I  nil   IwlHir*,     WHl   iidntHed  to  five  til« 

rt'ilij.LAtu   iiitMr<itii,ltiiJi  fta  ihe  mttbiveU  v(  wUieh  i% 

Tiip  «lirrcti<iiii  i*re  i*lflin,  »iml  il^ittmti^J  through* 
out  witjii  clear  engniVkiiKi. — Litftdon  Lamt^t. 
(ifiH  tif  the  Ufii  wiirkft  Lhev  ghh  cnniuJt  on  the 


mm. 


A  wtttk  mieli  MB  Till"  jireiHriit  ii 
a»Dral  ki  (he  AtudeHt,  ^ml  we  ^r 
to  tlipir  ntletiUtm, — ^witri^itaA  Jv 
Stifnt*i. 

^^|  t>ti«riilor«  ttf^wever  eniiiieiit«  iiM<d  ItemtUlr  Ii 

wh*' nrr  y<H'>  :|  | 

Ur-mimc   u  tn  tf- 

/oil  mo/. 

No  y0i]ii|e  pmctiticiiier  vtiiiutd  b«:  vrirhtftttllbtolMi 
vnlyttie;  Willi' we    Fr<nitire   ("  ,!  i(  nkrli 

enitffuiltnl  by  I  he  Ktrniur    ttif  ii 

111   iiiitre   tsjU   lipuefitf  |.||i«ii    : 


BT   THE  SAMK   A(rnrO)lt   A^H 

HORNER  (WILLIAM  E.i,   M, 


fdtMm 


Latfl  PfiifeHNitr  iif  AuaUnny  ha  Utp  L'njvt^i'Bjiy  uf  i>riiLfitylrAn{&, 

AN  ANATOMICAL  ATLAS,  illujstrativc  of  the  Stmer.urv  of  tbe  Humui  Bodt, 

In  one  Vt^muejiftrge  iiiipefial  otsiavo,  exlrm»cltith^  with  abtiut  *ix  huiultcd  am]  fifty  beafidW 


Tm-^t-  lli|;iirr»  mte  Well  •e|ecrte4,  luid  prcKfit  4 
efl1<l4p^t'K  iitid  HtfiT'ifnite  rrprt^MetiUiiJua  of  Lhul  WiUj« 
dffful  fiihfic,  tin?  humiih  hiNly,  The  pJiio  o(  thl« 
Ail>i«^  whirU  rentier*  ii  an  pe^Mtliurly  f^^'iivenicut 
for  the  uludr'fit,  iititl  lU  lyperti  nilitttienij  r^jtcucutinn, 
hnvc  |j<c«a  Akviuly  poialeil  fiut.     Wn  mvMl  CiHi^mtU' 


jHt^  Cbc  itudeqt  ii|ii«fi  the  ct:iiin|iteti  'r 
nt  il  ji   rhf   tHtmt   c^utiveniriii:  w^r'. 
hmyct  hEfpt^jirc-iJ  ;   und  ^vr  must  u< 
Ufu\  mnunt't  lu  wh it'll  ii  11  *♦  ^,tt  up 
to  the  rtmnlfy  itn  e*p  }ms   rlnfit^fiug   |i 
j*fiile. — Am^ritam  M*tf*iat  Jomfmmi. 


hP 


SARGENT  «F;  WJ,  M.  D. 
ON  BANDAGING  AND  OTllEH  OPERATIONS  OF  MINOR  SITBG 

Sei'inu!  v'^UiMli,  tfiiliifftMl  One  hiiml^iiiiie  ray  ill  l1.irno.  Vol,,  ul  tit^arJv^  40O  mut^^  mnh  Ikl  wo]^ 
cuift      Extm  cluth,  Si  4ft;  ItMitber.  ^l  5<>,  '  *^^  * '''"'  * '    ^^ 

Thm  very  ti«i?rul  little  wnp^k  hua  I'uig  Uririi  11  fnviir 

itr  wnh  iiriiriiinnient  jiMtUtiide'iJii.     Tl>f*freenl  eu\,  >  «piMiiifj  i#c  |M4i»F>Bf(i  ur  jiii  w lu>  iJ«Bi rr  Ui  IM^ iW 

for  n  new  etrainn  hum  ittHiicrd  itt  iiiiihi;ir  t"  tmihe  *  \y  c^'uvrrbint  i^itli  rlie  ilruitli  lif  this  bm&rl 

NniiiefiHj.t  ipn|>i«rtiitit  ndEfitiipnB      A  shght  Hlieruttt>ii         "       ''*'      -  --    - 

m  ilif  ftijflc*tl  tUm  |Mii*e  ^in*  euJihleiJ  hi  in  b*  mtrmture 

ih^  AfW  iniilLf  Ti  (pi  Ino'  exieut  nf  apMiir  Gfry  jfu|^e«  ai 

the  tVinner  etlilhiU,  mi  the  imlU;  tiiiit  Ui»il  hl4  V>»lmi]r 

i»  fr-iipirrpd  ((UE  mp*re  cniripuct  liiim  ita  L«b«  crp<inpii*. 

hnisivr  pte^lieVraBiir.     A  dt»ulder»iift  m  ihtitefl'eeied. 

Which «  in  II  vtah-metum  if  tbik  kiuU,  li  «  niMtbrijii 

liiipntveiiiefit  —  ^m-  M»dHnl  J&urual 


S^urjfunrii  Mtttirr  Surfery  hiit  nl  way ■  been  piipulnf , 
«d4  ilewrrvrill)  ■(*,  It  fnriiifilif<t  ihiU  liQim''lef  ge  offhe 
m***i  fftqufjjlly  requtfite  f*erf^pr unmeet  i*f  iurnit'iii 
nn  whirli  i'i»»ii'*t  be  enCircly  uqiterHtpmil  byimiuij* 
inji;  t'lifULnl  lectur««.  Th<  nrl  til'  bHUtiiLi^fngT  «fhich 
U  rrtfulMrly  tJMiffht  in  Europe,  Im  vefy  TfeqiH  fitly 
iivrrt<»iJ[i''J  by  truDheri  Ifj  thit  cuufitry  ;  Ihe  htudr'nl 
mm\  jiimrT  iim<"i]i|riiiert  Ihefrrnr*-,  tn't j  pifl?ii  rrqiiire 
tHiit  lci)4»«vlt-iJge  wbitrh  tbiH  liitle  Vi4ume  pu  KtfBfly 
itud  kiippiJy  BUppUet,    It  ti-iieiitLy  printed  HniJi  cupi' 


-maly  llluitriiteil  hy  fhe  eiiterprtat»ir 
I  flhiiEibJ  IMS  pi4i»p»Bfit  bv  aii  wbi>  d«Bi^ 
ij'  c^'flvemint  i^itli  rlie  ilruitli  **f  tbi,  ...-.mi. 


IS  bni&rl  ^^^1 

iTfirtMj  k^^^l 
Vliji.^r$«f|^H 


A.  wurit  th«1  h)is  be^n  nr*  |.in|»  ^ticl  favor tMj  I 
to  the  pn.fojuip.t,  KB  Ur     S4r{fe-<ii*i  IMinP^n**!! 
m'e«)i  m»  cnrntneiidiat  if ii}  ft,*m  u  i     W«  w«>«y  r 
»mw*?ver,  lit  ihkt  •.'iijiri«(.'£|*"*i.  Mi»t  mii*Mf  *4fiTn  1*^ 
diMhiffii  thiti  ^ttlc'nl(.n^   in  tmt  «*1h«.f»  fb^i  iltm 
pptrtuiipe  dte«vrvfB       t»*jr  litrii- 
dr(tt'iive  ^u   their   t»ic-hiiif>  ».  ,|| 

|w'  utB      ThiB  {jtiJc  boHPk  Will 
lUI  iiiuat  feel  wht*  Imvr  iuh  si  i, 

WecitRfcBatiur  Mitlebr*! 
(ill  rnaii)  inrcii  jiiPtim,  am^ 
ttn  ciur  ft?inli-rB,  M*    ti    It   n 
of  the  I'ldrftt  »mi  iiiuat  4;  J  I 


«'-  i>-**« 


"'trip^Tft  til 


BKEY'Si  f>PKftATlVE  SURGERY      In  pine  $^ery  ,  miirh  efilti>i?ed    Lmidiia    ri|it«,Pii      Ja 

b'U9itii«)Tne  iH'lnVn  vnhime,  ejilru  elotb,  *pf  nvrr  6,MI ,  iTpiiucae.  extrii  elotii,  uf  sWi  iimim   wilit^^ 

pitije*,  witb  ttbnul  nne  bNiidrcMJ  wtKKJ*i'ulfl     »;fij.  |  cut*      ®^  IKI  ^^     * 

Bt  H .  L^ 'ON  rU  H  n  UM  A  N  BR  A  tN  }  I  tB  SI  r  MCttiT*.  ne'i  t  rK^ulirvlliume '"^eiur  cL  1 

rh>ilMi(j^y,  Hiid  i>iK4L«?i.     Fntin  the  i^MiiiBd  luul  Si  2i, 


STILlI  (ALFRED*,  M.  D. 
PHINCIFLKS    OF    GENERAL    ANJJ    SPECIAL 

blind t>\>tn«  iJCUVQ.     (Pri»/>t^r*w^,| 


THEEAPEUTXCiJ 


SiaSON   <FRANClSf,    M,  O., 
f'h^Bicfiiiii  10  Si    Mury't  Hi»Bpihi| 

MEDICAL  ANATOMY,     niu^^inuing  tht  F.-rni,  .Structure,  hqiI  Petition  .if  i 

Inl«Nml  Ufgati*  in  HeHJlli  ttnd  L>ih:ii*h;.     In  birge  iiii|»*niil  t|iiarto,  with  ^tilmndtA  ^.t,.^^  i 


AlfD   SCIENTIPIC   FfrBLTOATIONS. 


I 


SHAFIPEY  {WILLIAM^   M*  O.,   iONES   QUAIN^    M*  O,^  AND 
RICHARD   QUAIN,    F.  R.  S.,  Slc. 
HU3IAN  ANATOMY,      lievisetl^  with  Natei  and  Additinns  by  JOSEPH  LeibT, 
M.  D.t  PfnfefNj^nr  ol  AriftUimy  in  ihe  Uuivirr*!*)'  of  IVmi^ylvunm.     C^pni|ileTr  in  iwo  large  tJt*mvo 

eugrHvifigK  u4i  wiiod.     $6  DO. 

li  li  inilcwi  H  wmk  cttlt^aittied  lu  mmlte  iin  ef*  in  i  be  will  Rud  hflre*  wnr^  at  oaee  in  pomfir^l^irnMive 
■.ii»t<»mi(rti1  iludy,   by  jpittcinf    h«fiirt!    tbe  Btud^oC     siic]  jirji(?tlct)il^Hi  to  dt^Ti-ad  hifn  tff*in  f '^  n 

rvtry  dpithrrment  (f^riu*  •cicnee,  with  n  vi«<w    ro    ott   the  imv  h«nil|  **iit    pmliiolry   m% 
the    rrliiMve  iiiipitrtnisce  uf  euch  ;    «Liitl  «o  RJi  it  folly  |  loft  nta^    mmd    fUtreipttt  9t   tk*    hhdi,  i. 

oor  ttrhit  fiviikri  Mil*  work  iha  hji«i»  i>f  hi*  iiudirt^  I  ^^.^  ,,^  ,i„aiH„i>'  «i  tl,«  „„..i  ^mM^Anim  ^a  lUt  iub> 
wi  I    tiermfler  h^ve  nuy  eJteiiM  f(>r    iiif,;If?pim^    or  ^   i^   tlic   Kngli-li   liEH|r«ii|fr^    ,»,a    the   *iiily    *me, 

OJid^rviiluing  My  imp.>rtaBl  (>iirti.*uUf.  e-mfiectrU  '  Jj^rlinp.,   Id  *ii5  liiii^ii4«',  w^iph  bhiijti  iH^  lUtfl 
^'["L  **'*lu*^'"''■'*'f  i.*'^    the    huiiij*n    fmiiic;     im.i     [if   fc„'.^,)„|ge  mrv^nl  t.^   tlir  ri.rist  TJcrrii   Oi«'o- 
whettier  the  bm.  of  bi.  mind  lead  hun   in  n  mure  ,  „riei.-r**  i?rfiii*«f^A  M^ii.  ^ndSur^.J^um^. 
«iip0Cl&l  nwtiJier  to  iiiiger}-}  phytic ^  ur  physitdtif  >',  ^ 


SMITH  tW.   TYLERJ,  M.  D., 

Phyiit^uui  Accoucheur  loti^l   Mury's  K^ispiU],  4:«. 

ON   PARTURITION,   AND   THE   PliiNCIPLES   AND   PBACTICE   OF 

QB3TETRtCa.     In  oue  roy&l  12iiio.  vatum«f  extra  cHorh,  ol  4Q0pfl^i^,     %\  35, 

BY  TUB  SJLM£  At^TltOK. 

A  PRACTICAL  TREATISE  ON  TUE  PATHOLOGY  AND  TREATiMENT 

OF  LEUCORliH(IiIA.    Witti  auineroun  iilii^raiJ04is.    In  oue  veff  limidpomd  octavo  rulum«i 

estm  ifkrth^  or  uboui  250  pages  1    $!  50. 

We  Ittiil  the  npj^eiir&neF  ii|  Lhji  (imetlcal  A»d  Jja'palaiibU  work,  the/efitife,  a«  &  rejal  iLCqiiitittoD  tu  unr 


TAYLOR  (ALFRED  SJ,  M,  D,,  F,  R.  S,, 

Lecturer  an  M HI  teal  Juriiprud^nceand  ClirnattTy  in  Guy't  HuqpjtaL 

MEDICAL  JURISFRUDENCK     Fourth  Americaa,  from  the  fifth  improved  and 

eiikrfifd  English   Edilicxi.     With  Note»  and   Ri?ri?rt!t*i'«;n  to  Amt^rieau   DL*t*i?iun*t  by  EIipward 

Hitm^uoR^Ki  M   U      tn  one  Jufgo  octavo  volumej  kmber,  of  ov^jr  iwveu  hundred  |jage«.     (/mj* 

/rr«f//,  iaj*5.)    $3  00. 

Tbi*  stvndtird  work  ham  Itttely  rece tired  n.  T^TTlhoroiifH  rev-i»ton  at  the  hands  oflfte  amhurH,  who 
|ia!«  inirudnt'^fd  whitlcvtfi-  was*  iiece>5ary  l«  rentk^r  it  ompleit-  and  j?ati>ltti^tury  in  cafrying  i>ul  tbe 
objpfi!*  in  view.  Tiie  <;dil<>r  ha*  f ilcewiMe  tj^ed  every  exf  rtion  lo  wmke  ii  equHlty  tkorunjrh  with 
rtgurd  t«.»all  matter^  retuiiug  to  the  practice  uf  Ihc*  t"otit»lfy.  lu  duing  thi.s  he  hua  CAi-i^iully  est- 
ajiimeil  »li  that  hii-'*  apfjearetl  on  the  !»uh}ect  isinct!  ihepublicatioti  ofth^  las.|  edili^n^  and  hait  in^ormi* 
rated  mM  the  new  infurniHtiun  ihw*  pre-^Jnietl  The  wurk  ha»  thu*  been  cotif^iderahty  inrrtia««-fl  ta 
frilPt  ni>lwith-'tuiidii>iBr  which^  it  ha^i  bt'en  kepi  at  its  lommr  ver^'  itioderaTti  prK%,liiid  in^very  rt^^^p^Ln 
it  will  Ije  Ibojul  w^^rl^ly  of  a  oommntiiicw  of  the  reiiinrkuhla  lavor  whuiti  ha*  earritid  it  thrtiiii^h  «*» 
many  ediltun^  on  bcilh  Mde:^  of  the  AtJuntJC.     A  few  iiuti<>e^  uf  the  former  etljtnjiii.  are  apfiended^ 

We  k£nw  uf  DO  wi^rk  nn  Medicnl  JurtBprailrnee  \  ni(»i(  iittm4?t.fFe  b*H>k4  that  we  have  mci  with;  iup* 
Which  ci*ui«iiif  in  tlie  «ime  apwce  aayl^inf;  Ukc^  thu  \  ptyitig  m%  much  buth  tu  imert-ii  aail  iaBtru<.H^  thnc 
suiae  amuunt  of  valinible  nmlter  — iV,  WJnunmi  0/    we  d<r  not  heauatt;  to  iilhnn  th»t  nMer  havlni^  Miiea 


N«j  work  iipoB  the  vnbjtct  i^aa  be  aut  jatu  the 
haaitirtf  ■tuilciiU  eitlierof  biw  tir  nKMliaiie  whieh 
will  efigntfe  them  irmre  cbiady  ur  pro&iMljIy;  mid 
Ulnae  viiulil  be  iitTrrrd  to  the  buiy  (inictitiuaer  id 
either  ettllin^^  fuf  the  purt^'ae  u(  cuhumI  m  hHiiy  1  ^*^^*^ 
ref<»renee,  Hint  wnuld  tit  mitre  liki^ly  tuiitTrird  ttoe  ain 
deairiftl.  Wc  theref'iirefFciimfiirbd  itai  tiic  heat  aad 
aHff'tt  iuhjiuqI  fijr  duiEy  me, — Amtritan  Joitmai  nj 

%tv  well  ti  thia  vrork  kncnm  to  lha  merabcrt  b^dh 
pr  Ihe  rnnticiil  MDd  Irgul  prtifeiii^ma,  aaiJ  ■<■  hij^hly 
ia  it  apprei'iated  hy  theni,  thjit  it  caiiu>«t  be  ofcraaury 
fipr  uii  In  nay  a  wuril  in  itAei»mTn?rnt<itiMn ;  il4  hnviiif 
already  reaiihrd  a  founh  tfiJHn»o  be  1  tig  the  bewt  pi«- 
•ible  trttitmmy  ia  ita  riivur.  The  maiUitr  hna  ub- 
Ticiunty  aubjeeied  the  rati  re  w*«rk  to  n  very  ouretdi 
revi  a]  on . — B  ft  i  *  and  Fort  ifn  M*d ,  Ck  irw  r|f   H  ef  tVttr . 

Thja  work  of  Dr  TuylorV  ii  generally  oektiuw- 
ledg^id  to  he  <nie  of  thr  *ibkil  e*tiim.*m  itte  Jiiitgt'i't 
e€  amlieai  Hriaprui^leacep    U  ia  csruituiy  one  of  tlie 

BIT    tHK    SA.>aK 


aoiumt^nceil  ita  peruaul^  few  cttuld  be  preyuUed  api>n 
til  driiait  beft^re  coniplFtiti{f  it.     In  thi^  Ifmi  tr'^miraD 
edtiont,  iili   the  pewly  otsaerved   :.r  ' 
cofdiHl  fiicta  have  been  maerted^  i-  t 

it  recent  of  ChemiCil,  Mief'^M'i 

ejieareh,  besidea  (in  per  a  uii  iiLJiiiri' <i]f>:  iitiM  rvii 
he¥er  bt^fo^e  pablj  abed  .-CJotr^eju  911  M*di(fii  J&urnai 
amtt  HtmfW 


It  la  mn  eaeeH  of  pmiaa  tt^  aa>'  thut  thetfolnrne 
bebi^re  aa  ia  the  tf er)»  beat  treatiae  ejiiiint  oa  I'drdjeni 
Juri«(^rudrnee  In  aAj^inir  thit,  we  do  pnt  wiJih  lu 
be  niiilefatiKd  nn  dvtni-tiit^  frikfa  the  meritt  |if  iha 
ejtct^neiiL  wofki  ^"f  Heck,  Ryiin,  Traiil,  Guy,  nod 
iitDirrii  hoi  ^n  loterear  tind  vn lite  we  thtak  tt  intiiE 
bee^iueeded  th4it  T>iylor  la  »uperii<r  U*  anfthlfii;  that 
bai  pr«  eedid  it.  The  author  la  mlreiidy  well  kiio%ina 
to  the  profeamou  by  hia  vHlu/ibletrtatiie  i^u  Fioaoapc; 
ab<f  the  pfi-irvit  voiiiinc  wilt  add  mat«riji.ll>  to  hia 
bifh  repiihiti^ii  r<rr  fieeuniLr  aiitt  exteoaiv^  kmrw-^ 
le*i[fe  till'"  ti'BC^ftininxitins  judginciit.— iV.  W.  M'^*iital 
fia«J  ^uFjeiral   'avmol. 


Attrtioa. 

ON  POISONS,  IN  RELATION  TO   .^lEiiit  AL  JURISPRUDENCE  AN^D 

MEDICINE.    Editedt  with  No<e^  and  Addmiu><  by  R.  E.  GjtiFrtTa,  M.  U.    la  uiie  largo  ijclar^ 
vgltime,  leather,  uf  6S8  pagea.     §3  00 

TODD  <R,  BpI»  M.    ^  .   F-  R,  S.,  &c. 
CLINICAL  LECTUKES  ON  OEUTAIN    DISEA8KS  (>F  TOE  URINARY 

{JUG  A  NS  A  N  U  UN  I)  U  U  PS  I EI^,     la  ui  le  *  rfH  a  v  o  v  o  I  u  me      ( iVw  r^  AVWy ,  1 8."i7. )     $  l  50 
The  vahiable  pratitieal  iiuHin*  ut  Dr.  Todd^  writ  ma-  byve  tki^evedly  retult^red  them  favor  ilea 
with  ihe  protfatioji,  and  the  preitent  vohiiiie,  aiuh'idymi;  the  mi*dicaL  a^peiiH  of  a  clat^  of  diiwdf^i 
liot  el^whsre  lo  be  foiuid  aiiiidaity  ireaitid,  can  hardly  fait  10  aupply  a  want  long  felt  by  tbo  |W*" 


m 


BLANOHilRD   a&   LEA'S    MEDICAt, 


STOW  CpiDplete  {April,  1857.) 
TOOD  (ROBERT  BEMTLEY1,  M,  D.,  F,  R. 

WILLIAM  BOWMAN,  F.  H.  S<, 

Dcmonttratof  erf  Annt^jmy  in  ICini^^t  Ci>1l^f:?,  Luodoii, 

THE  rnYSlOLOGlCAL  ANATOMY  ^VND  PHYSIOLOGY  OF  MAN. 

tihimllbptse  bimdrfrllnrgfl  ■ntl  btMitittfiii  iilii»«^triitiona  pit  wood*     Complete  m  oiw  lAr§«  < 

vuluriie,  of  y:»t)  pogvFi,  IfintheF.     Vnc^  f  4  SO* 

Thi?  vrT)'  r"*«t  rle^RV  wl>«f*h  hi**  (»ce«rp«t!  in  the  c*>mpW*irtTi  rif  lKi«  '«r>«>rlr  hi^%  mrmnt  froia  1 
sire  ui  thit?  "1  irfjwtt  e^Kfltniitfih.  uihI  »iAl«fiiriits  | 

^11  u:t\ ,  1  li  II  -  '  ■  o(  pteii  1 1  n  r  V  u  ]  1 1  ^v  i<!eae  s*  of  tl«  ( 

•n.i  .!,<-  :ir-....    .   .  iJits  tH;ctipie5*|iu-.  -■-'.■     -         '.*iiiea  Be«>M»ff  I 

i-mcn  Who  h»ve  reeeiveij  (soriuina  of  Ihi*  WiDfti  a«  piihltthed  in  ibe  *^  Meniejj* 
.fiD  Ljuhau?/'  Clin  now  ctirnpleio  (heir  oopie^^  if  imiimcin&re  appliomioo  be  tnsde.     It  wiUbe 
iUh«d  »»  fullnw^,  frei?  by  tnail^  in  popt-r  fovefftf  With  clolh  bucka. 

FArr?  1,  ir  ,  III.  (pp.  25  lo  5,^),  fij  50, 

rAiii  IV,  (lip.  Ti-'j;!  (u  tfiul,  with  Tiilt%  Pwrm-e,  Cante^it*.  tVcO*  5?  00 

Or,  lUnT  iv., 

in  ihp  [wrtent  pirt  ftbin^j  tomeof  thp  mnit  <)ifft* 
i^uit  >ab|rrta  iu  AiiuintTiy  and  Phytitjih^i;):  nrf  h^mdttil 

|pi   ■        ■     - -'"  ' r.     Hi   nutLir^ri  hnvc 

»  iilcft  **  fitf  »he  MiM?  i>f 

r  :j   ffji^diciite  ittitj   mr- 

^rrv,     »N.4  >vi  .»,.   iiL L,, ^,,^ut  Ut  hutH j  cnti ftdcfl t 

Ibat  H  i«  tli«  moit  perfect  Wx»fk  i^f  JU  Mind,     We 


»KtTTioif  Jl.  {pp.  l^'Ho  eijt)»  wuh  Title,  Preface,  Conteol*,  &<?.>,  §1  9Si. 
cionot  conplaile  without  fllroajrlir  rrerMOB 
present  wnrk  tii  ntl  ciji*«^«  oT  nur  rt^iirrL,  fvu|«i>> 


0/  Med^e^i  tttMne^t, 


TANNER  tT.    MJ,    M,  D., 

Fhfuiflnti  tf}  tltD  rinipiuj,  for  Wnineu,  &P, 

A  MANUAL  OF  CLLNICAL  Ml^DlCINK  AND  PirYSICAL  BTAGNOi 

Tti   Whit'h    i*  fldtbtl  Tbi*  CiHie   of  Ethi^ci*    <>i    ihc   Aiiierirftn     Mrdirn)    A^Ancint 
Am**riLEin  Editunu     In  i»ne  iic?flt  yuIuiucj  ftJUkiH  lUaiu.     Pnee  in  extra  oloih,  hl^  c^nU; 
»tyl<*,  iot  the  p^mktft,  80  ci^nta, 

Dt.  Tniincf  hliP,  tn  H  hm-n  r  !^Jl'.t  i  u  rcryfBCu}  [nn  rinr  r .      P'U  1 1  r*1    r«I  ik<J 

iailmiisTriJ  lti«  Wmlm^  p- 
cUmciil  iiu'ly  uf  n  cnae  - 


Ici  Uid  wanU  of  atatimta 

-'  iirii»^l  ■■■f  il  '  •    I,  inE-    «  I    .. 


j'0H.r»ai^ 


I|!lgUO»l*  '    ' 


Ttso  woili  i»  «li  hfflirtr  to  itt  writer^  nad  moa  ol>-  ' 
tBtu  a  4rid«  ctreuJaiioa  by  iU  iatrUiile  midia  al<JBs.  |  **«  Sa^i-  J«*if*ifci, 


WATSON  (THOMAS),    M^D.^    Slq, 
liECTURES    ON    THE   PliL\Cll*LE8    AND    PRAtrnCE 

Third  AiiierJcaii  edition,  revised,  wnh  Addiliont^,  by  |J,   FkAflcr*.  Con  die. 


t*  Trent i^^e  o«v  th«  DiM;ii>rii  of  Cbililrf?ii,"  ^ 

lAf^e  pikgi?i»i  ntrujigl]^  Wuntl  vfiih  riLixeJ  biitulft. 

Tw  any  thai  it  li  the  vrry  IjciI  w<*rk  tm  ihe  iab> 

)iret  tiww  ciMtiiti  i»  l*iit  to  teha  tUc  Arpiuiic-nt  ttf  iho 

mtHUAAl   pfMi    iliritugl)i>ut   th©  ecuantry*— A"*  a, 

Mfifffali»iirma^ 


OF  PHTSIO. 

M.  D  ,  auftu>r  of  ■ 


In  tme  ociai^a  volume,  of  tieurlv  eicToa 
S3  25,  ' 

Ci.i»f«««Jly  <!»«  of  uie  »err   l»at  Wnrte « 
(iruieiplei  imd  prn«Uc«  iif  pUwic  ia  iJiaT 
ail  J'  iiUicr  liiDirunge,— jli,4.  A:>aMf*rf . 

^f  •  teSI-buok  it  haffnocqiint;  at  t  ( 

Iff  |Ktth(iIij|7  uiii  pn*etjec  no  aaprdfir^Ji 


M  l<   !>ntt<hr   riiJrr-ulah 


Uf  llie  trj[l-iKx4i  n^PfntiT  fppnblinheinViiitoft  it  , 
reiy  juBtlv  the  prim^ipul  tavontr.— /liJifW* J't  H*p^    AmnaUMt. 

fl)'  linivirriA)  eon  seat  th«  Wk/fk  r^nkw  nmfmg  I  tie    !' 
Vrry  tacit  tc^t-l]i><pli(i  mour  iiui||iiii.|(f3.»/jJ^iNwM  ^^    ,« 

K<tMa.tdvd  tin  nJl  hin(t«af  nnpof  di«  ^ct)' btvl ,  If  Cckp  of  Uic  riit*«t  |iracijeiillf  itai^AiJ  hortk*  ! 
ant  tha  vt-ry  bett,  lyeU^niutk'  IreitUae  un  praeticH]  |  e^'cr  w»4«  preaiiutcM]  Uf  Iho  atudeat  —  J<f  T  T 
neU ieina  el Uiut.— &'l .  Lumi*  M^d.  jvurnai .  ^  J4tm  rmt . 


ERKAT- I  WAI,SIIK    DM     niS*KASR8   IJP    i 
.  \  LI  T  V ,        l.V  -V  t.  is ,    A  X  D    A  r  P  K  \  I J  A  t^s 

I     turn  clMih,  birge  ruyai  l«ui(».,  sta  b 


WrilTKnEAD  01^  THM  CA I        ^ 
MKNT  OF    AUOHTIO^ 
t^cnnd  Au)«ri{?#iti  EiJiti'>ii.      i 

WHAT  TO  OBSERVE 
AT    THE    BEDSIDE    AND    AFTER   DilATri,    IN    MEDICAL   GASl 

published  midt^r  the  aiitbdrUy  of  (He  Lorulon  Stwiaty  Jot  MedieaJ  0)irwnrtt*t>ii.  A  new  Ail„. 
from  Ibe  8«!ct>Md  uud  reviwd  Lowdoa  ediiion,  1a  ofio  very  tiBiitliioinQ  voJume,  foval  l^mftxt 
cloth,    SI  0(1,  — 

Tfi  ihr  AhiRTver  lA^bo  prefers  nei^iirat^y  in  |jltind«ri  f      On«i  of  tBf*  in  cat  lidi  to  a  voua*  nractiilM^^** 
Mnd  preset iim  to  eHrfifmntyrnn,  tbit  htUe  bniik  ii  ia*  |  have  »VeT  pwd.— Prniiu«f«r  JrimEaf*/ jr«tf4fiH 


r 


WILSON   fERASMUS>,  M.  Q,,   F.  Ft.  S., 
A  SYSTEM  OF  HUMAN  ANATOMY,  (l^nerai  and  SpeciftL     FonrUi  Am^n- 

can.  from  she  la*t  Eiig^li*h  edition.     Edited  by  Paul  B.  GoxjdaEp,  A.  M.,  M  D-    Wiih  two  liue- 
dft^d  Mid  fifty  il!B?^lr*lion*,     BeauliMIy  prtaied,  in  one  lar^  octavo  volume,  leather,  &t  tieiLfly 

In  nuoTt  if  *f^  ^^  ^^  €DLl«f«  of  tke  Uniaii,  it  ■  It  offer*  to  tii«  ktddcsit  ikU  tike  ii«ii*t»n««  tliit  Ml 
h*m  b«cwiw  a  •l*mlfcfd  tut-lKKit.  Tteii,  of  iiMlf,  i  be  P4|i«cl«d  from  iueti  a  wof k  — ^f dietil  fz^aiiiKr. 
it  mlfieiMitlj  exprrntre  of  il«  irmJne.  A  wcirfc  very  |  The  moH  ouinpleie  an^f  c*MiTrp,(^t  nuinutJ  fwr  ttee 
(Jriirable  Ui  the  itudtatj    one^  th*    pnwr*»|.-n  of   ,t„iien|  ^e  i^<»Me«».—4i5MrifM  J^onnwi/ »/ H»dl#*l 

lb  et^ry  rcitpwl,  lb  it  work  mm  mtt  mTmto>m'itml 
fBJde  frjr  ihe  fttuil^iit  apd  pr«ctitloiirerf  merits  out 
w«riiie«t  &tiil  Dibit  d«aided  pfiivo. — L»ftd9m  Mtditmi 


I 


I 
I 


*te  hit  ptcwTTw  in  tbe 


h-liieb  Will  frtACly  raciliute  Nit 
iiud^  (vf  FrmetieMl  ii  Mtoray      "  ^^ 

Il«  wi^aT  naks  with  the  hig best  on  Autjsniij^^ 
Svwtkmm  iitdicat  amd  Smtgitmi  Jtmrn^. 

Mt  m  tAare  Jiin^oi,.     {Ju^i  Issued.) 

THE    DISSECTOR'S  MANUAL;  ot^  Pmetieal  and  Suigicai  Anatomy 


Third 


Amerievrt.,  fruiQ  the  Ib^I  revisned  and  enlaziged  En^liiti  edit  ion.  Modified  and  rearnuigedi  by 
William  iluirr,  M.  B-,  L>eino[i*i™ior  of  Ani^tomy  m  the  tJiitvier#ily  ot  Penney Ivun  in.  In  one 
Itifgu  mild  Jtaodaooic  royul  l2uso*  volume^  Icathfirj  qf  58S  page^,  with  154  illu!*i™ViDqs.  Si  00. 
The  modifi^iioiift  luid  addliiona  whieh  thi»  work  ba»  reoeivted  in  pa9«»ia^  recently  thruttgh  il3« 
BUlhor'ft  faAAd^,  i^  fLuffieieotl^  indiii^ted  by  the  fact  thai  it  is  eolargvd  by  more  tliati  o«w  himdrrd 
j^aget)  notwithttaudiit^  that  it  h  prmied  lo  smaller  type,  and  with  a  sr^atly  entafged  page 


ing  T^ry  tuperior  clAimt^  well  calculated  ta  faejlitatc 

tbtir  t£adie»T  *°**  render  their  lalwjr  Seit  irlk;i*:»me,  by 
ec^nitnstJy  kt^fpiflf  lM:fi>ra  Iheiu  definite  object*  of 
Intereil, — Th*  La^at. 


It  renyaiiiB  r»&Iy  ta  >dd,  Ihht  after  a  csrelkl  exami- 
BAiii^t  W^have  no  heaitatjoa  in  reemnmeadm^  ihia 
Wfirk  10  tiie  moliee  oi  thote  far  whom  it  haw  been 
eapreaa^y  writlai-the  atmieiit*-*!  « i^dJdc  pciueu- 

BT  TMi  BAXS  AvruoR.    {Now  R^ody^  May,  1S57.> 

ON  DISEASES  OF  THE  SKIN,     Fourth  vm^  enlarged  Ameriam,  from  the  last 

and  improved  London  edition.     In  one  tai^e  octavo  roltime,  of  6G0  page^  extra  dotb.  32  IX 
Thj^  volume  in  pa^^sing  for  the  fourth  lime  ihro<ugh  the  band»  of  the  antbor^  tia»  rv^crFVpd  n  c«re^ 
fill  r*!V^i*iiJH,  and  hHs  been  firatly  enlarged  and  improved.    About  one  hundred  and  ' -^  ,  hava 

l*(?t-n  fiJdi.*d.  ineludin;^  new"  ciiiipter*  on  Cte<9ification^  on  General  Pathulog^%  on  jjt-rii- 

peunc?<,0'U  FuruncularEnipiion^tand  on  DiHsate^  of  theNail^t  be^ide!rex1i?nMve  ji^:  >>iigh- 

i^MX  I  bo  tell,  wherever  they  have  t^eemed  detii  table,  cjllicr  irom  former  omiM^niu*  wr  tr^m  lito  pj^- 
gh^»  i>f  ¥cienc:«  and  the  inereaMid  ejcperionee  of  the  author.  Appended  to  the  volume  ^'i]j  iii>a 
now  be  found  a  collection  of  ^clscti:xi  FoKitUL^,  con»l»tjiog  for  thu  most  part  of  pte^crijiiiiitii^  ot 
whieh  ibe  amhur  has>  le»ied  the  lvalue. 


lo  IhepreKent  edltii'ib  Mr.  WUpoa  pre'aenti  at  with 
the  temutu  iff  bia  ruaEurcd  eiciicri*uce  ^unetj  nrteran 
ealeB*iT(  flequiaiEiiiLnce  witb  tJie  pathr^J^Ji^y  ajid  treat- 
ing: nt  uf  cuuiiieMua  aidcctLOii*  ;  atiU  we  have  dow  be- 
torri  u*  &iit  merely  a  reprint  of  hji  furmer  peitdir** 


tlie  mere  initiiirntetioDm  '>f  dertnf  emrnt  of  iatermil 
nrgnflbt  >*  tmJiii;ht  unikr  n<itifc.  atid  the  tintilE  m* 
eludet  a  mufti  t>f  igfs^ruiBtJDo  w!^icb  ii  •prread  t^rer  a 
freut  part  of  the  domnin  of  Aleilical  *nri  tjiugi^nL 
pBthniiifff.     Wo  caa  Mfely  reeummebd  U  u*  the 


«t«linealioa  and  perfect  beeumey  f»r  ilLuiiraUc}n  tre  I  eK^ec-ilm  alrno«t  anythinr  we  tinre  met  with  m  fn.... 
""''*"  I  of  deMeacy  aud  £iu8b^— £ritis4  aad!  Wot%\^%  M^Umi 


tiiins,  t»iit  ttn  enr^rely  new  AJtd  rewritten  vpliune.  |  profettiMn  m  ibe  he«t  wurk  on  the  aubjeci  mtw  ia 
Tb^K,t^e  whale  bitti'ry  of  the  diAcaietalTcrting  the  ejiisience  iu  the  EnElisa  iaa^uac:e.**£.oibltMi  Jf^tt. 
akin,  whether  they  origiDMte  in  that  f  tractnreor  are  •  TimtA  and  Gaaittt,  Man;h^,ia^. 

41.90,  JU6T  fiEADTi 

A  SERIES  OF  PLATES  ILLUSTRATING  WILSON  ON  DISEASES  OF 

THE  SKIN  ■  con^ii-tinit  of  nineteen  beautifijllv  executed  (^Inief^^  of^hkh  iwelve  are  exi|ut>iiety 

csotored,  pre*4!nling  the  Normal  Anatomy  and  Patluilog^y  of  the  ^^iut  uiid  contniojiif  iiC4riiriite  re- 

limiiJitiiiJoni^  of  aboul  ooe  buadfed  varietiea  of  di:«eii>e,  mual  of  them  the  #un;  of  datune".     Pn^e 

h.  elotb  1 1  25. 

In  beauty  of  drawing  and  ■ccuracy  and  finish  of  coJoring  tbcse  plsiea  Will  bo  fopwd  auperiof  lo 
afiytbiof  of  the  kind  a*  yet  tsMted  in  lhi«  country. 

The  pLiile«  by  which  thisetJititi*^  ii  aeeompanied  The  Tvpretentatioiii  of  the  Tariona  formi  of  ^uifluc- 
leave  oothijig  to  ba  dcaired^  ti^  far  nt  exi^enf^^m-e  of  vma  diieBfeare  ftiDfruJurtj  aeeurAtt^  and  the  emlitriing 
«t«linealioa  and  perfeet  beeumey  r>r  ilLuiiratJC}a  tre  I  eieef^lm  alrno«t  anvthinr  we  bnve  met  with  in 
cijneemed  —Mtitiet-Ckiru  rgieat  H  e  viem . 

Of  theae  p^Utea  it  la  impoaaib^e  to  apeak  too  highly. 

BT   TUK  KAXB  AXTTBOW., 

ON    CONSTITUTIONAL    AND    HEREDITAaT    SYPHILIS,  AND    ON 

SYPHILITIC  EH  U  FT  JONS.  In  me  smaJI  ociavo  volume,  extra  clolh,  beautifully  priaEed.  with 
fourea^tiJ^tte  tsjlored  ptaie*,  pre^nting  more  th«i  thirty  vurietie^  of  sypbililic  erupiiona,  ^  25, 

BY   THS  aAMS   AUTHOK,      {Jwi  lifM^d.) 

HEALTHY  SKIN;  A  Popular  Treatise  on  the  Skin  and  Hair,  their  Prt«er?a* 

lion  and  Man»>gement.  Second  AtnericanT  from  the  fourth  Lotidoti  edition.  One  t>eat  volume, 
Toyai  lamo.,  extra  cloib,  of  about  300  pages^  with  numerous  aiu6ifation»-  f  1  00;  paper  eovrr, 
75oeat«< 

WILDE  <W.    RJ, 

Saffeon  to  St.  Mark'a  Qphthalmie  asd  Aurai  HoipitaU  0uhtiii> 

AURAL  SURGERY,  AND  THE  NATURE  AND  TREATMENT  OF  DIS- 
EASES OF  THE  EAR.  In  qae  hand*ome  octavo  volume,  e;Ktr»  clotb^  of  470  page*j  Willi 
ill  u  miration  a,     W2  90, 

Tbia  work  eerlmjnly  eoniaint  more  iafarmniJDn  on  ]  ihe  aailior  Ibr  hit  maafal  (>S»n  to  reteae  ihis  depart 
the  iubjeet  to  whjth  a  sa  devoted  than  any  other  m^nibf^ur^r  ry  from  the  haiidiof  the  eiapinira  wi  o 
with  whieh  Wi  are  aeqnaiaied.    We  fuel  gratefat  so  |  aearly  taonopniiie  it— Fa,  JTi^,  a«4  ^trg .VaiiniaL. 


m 


BBANCHARD  &*^EAS  ME13ICAL   FUBLI«ATIO!lil 


WEST   (GHAHLES)^    M.  D., 

Bidi,  ChiLitrf'ji,  ltL^ 

LECTTTRES   ON   THE   DISEASES    OF   INFANCY  AND   CIITIJ>H( 

^f^oDil  Atiic-rieimt  ffom  the  Sfroiid  aiiJ  EiilnT^ed  Loudom  «diliua.      In  one  ^'oluiiic,  < 

We  Ijpk?  IrKve  uf  Dr.  W^tt  wU^  frni  rpPif«rt  for  i  UKfliian  lir  iHi*  mhle^  thttwtm^h^  «Bd  geiil^ 
)^|,  qtr<nmm*ntji,  m  ilur  HtttiT^'i'tit^n  t^r  hi*  Jiciilis  t  ufinii  m  aul>jF(?t  wli»€h  HJiTinit  ttmily  tfta:e«  Ui<^ 


BV  Tus  ftAMfi  authoKh     {Nearly  Rimdy.) 

LECTURES  OX  THE  DISEASES  OF  WOMEK,     In  two  pmrte. 

Part  L  ivo.  clath,  of  abi^ui  3^10  pugti^^  coniprii'mg  tbe  Dt«£ASCS  of  ths  Utxru^.    SI  €(h 
Faut  II.  {PrfpaHfrg')^  wtll  t'lmmn  Disra*ii>*  ijr  the  Ovaai£»}  luid  o(*  all  Uie  pari*  r--^ 

vritJi  ihe  Uteris  ;  of  ih?:  Bi^dpkbj  V*A(3JSAt  Atia  Extkrpial  0&uan$. 
The  objt}C!t  of  tht^  uiUhor  m  thi;*  work  i»  to  pi%!^?nt  n  euinplel^e  bul  sueeincl  tr¥BLii»«  on  f&atk 

ft.., ♦  mlM.«lyinj^  the  rcMjUiKtf  hi?i  experirfice  dtiring  the  lA^l  ten  y«ttrs  at  Si.  Biirlhi>loaKV% 

Iwifery  H^^^piials^,  an  welt  ii»  tii  private  praetifii,     TJi«  (?tiaru,cieri?Lio'  which  b»ir«M>^ 
-  itirmer  WG^ks  n>  fuvoriLbk  ii  ftsueptbii,  ctuiaot  f^il  to  rruder  the  pr*!*rit  Tdoaw  t 

p-iijj!  liirci  .iiithi*rHy  on  it*  impuf  iniJl  »ubjei:t*    Ta  t^how  Ui«  gtn^ml  neope  af  tbe  work,  an  t«iiiu«  ol 

the*  Cuiilrrtin  vif  Furl  L  []» etnUjuuitsd^ 

i>rfi*r<u  /,  /i  — l!«Tftoint<j*raMY — S)'mptoi]i»-^Exiiminalioin  -f  ^-^ — *-Tti?^M*^^' 
liuim.    Ij0fiurf>M  ilLi  IV^  K-^DjficjRPitBR  or  MEJiyrttcrATj  irha?ft.  Mt 

mrriofrbu.-i4.     L^eturtjs  tX^  F//.^  V7/i  — !sFLA>tMATio?f  ok  i  hus,  Ji^p 

lfltllLn^mu1uml  Chronir  tiidinniTMitiort*  Uleeratiun ul  the  0.<  Utcrj,  CtrvLcsJ  l^-' 
iX.,  X,,  Xf,  X//>  XV//.— Misplackmk:*t  r»r  tiik  ITrfiMtrs,  Prolop^u;*,  Aji 
*icin,  Inversion*  l^^iurr^t  XIV.<,  XV.^  XVI.^  Xk'i/— Utkri^ss  Tirstous  «  ...  v 
Muf'tm«*»Kil.>rt>*c«*ilwiurTiiii>d  GlmidtiLar  Pidyiii,  Mucijuti  Cyiil*^,  Filtnnou^  Palypin.  Fibrnu*  Toinow, 
Fihruu*  Pulypii  Fatly  Tumfjri*»  Tubercular  I>i£ieare«.  Jjtcittres  XVIII,^'AL£.t  XJf.— CajicH. 
OF  TH£  OTKitris. 

FAttT  IL  will  r«c«iy«  an  eqtiiLlly  vxfended  treatmeDt,  rendering  tlie  whole  bji  admintik  tex$<4iak 
J4>r  ihe  »tud«ii1|  and  a  t^]tnbii»  wi>rk  for  relenfnc!«  by  tbe  piiaolitioner. 

at  the  SAM*  AFTflOK,      {Ju-tt  I*4iirii) 

AN  ENQUIRY  INTO  THE  PATHOLOGICAL  IMPORTANCE  OF  ULCl 

ATJON  U^^  THE  OS  IfTERl,     in  one  nenl  octavo  volume,  ex ir a  eJolh.     %i  00, 


WILLIAMS  (C.   4*  B.f,   M,  D,,    F.  R,  5., 
PRINCIPLES  OF  MEDICINE.     An  KieiuenUij  View  of  the  CnQses,  Nita 

Trfwrmenii  Diwrnosb^  and  rf(>^n*i*i3*  of  Di^ea^e;  with  brtt*l  remiukji  nn  Hrgietiic»,  or  (he| 
I4?rviiti(in  td  hedllh.     A  new  Aiyerk-an,  from  Ihu  tidrd  and  reviikfij  Lorjdrifi  edit  Tail.     Id  (         '^ 
Tijluinet  leaUici',  ol  abuul  GOO  piigva.     $2  50,     (iVctP  Rftujli/^  Ma^t  IS57.) 
The  very  recrn^       '   '      ni^h  revii-jon  whi^h  thi*  wnr'    '  ■       ■•      «       v     - 

ha*  bcuiiii^hi  U  s^M  ^rj>  I  u  the  prc^eiii  suue  of  iIji 

have  been  funnd  i  ■  The  ^^ucce?**  whieh  the  wm 

poriMiico  ha>  beei*  Hj^prijuiulfid,  and  in  it*  preseni  lorm  it  UiU  U?  kmiid  vuiiiiieuily  w*jt%tii  1 1 
■nee  ol'  the  mme  luvtjr^  f«3!**e^^illg  a.^^  it  dctes  the  einiragej^t  claims  to  ibe  atletnton  uf  tJ»e  J 
ftndent  and  pfaotliioner,  from  iJie  aditiirable  niuiitier  in  which  tbo  vurioue*  iAqnirj<f«i  m  (ht  difl 
bninohc*  ol  [PsiHiuJi^KV  fli^  mve*tiga1edi  eombujed  and  gpencralizud  by  mi  expcricticed  prai:l>c«i  y^y 
ftjcmn^  and  dinL'uiJy  upplied  to  the  mvei^iigaUun  *md  ireMtnient  of  diti^eu^e* 

rceunnrtetid  it  for  a  tejcC-book,  iptlile,  md  um»l»ti 
e  nnii'iiiLna  to  fvt'Ty  |iiuciiitL«ncr  iiii4  »if|ify  guiHt^ 
tt'liH  vijifit*  i**  cAlricntr  himmHi'  f root  that"*  ^"" 
ntU  »f  eitipiriciBiu,  nnd  to  h^isc  iii«  prAPd 
i3tn9iifna  prliieipli!'*^ — L«ti^i»ii  L^mtft^  F 

A  text-bciriJc  to  whiirh  no  othfi  in  tmr  i 
IV0  wurk  haa  rver  H.ctUeir«d  or  ftuunUili 


We  fiuil  that  the  deep]  piiUercf ting  matter  anil 
Ityk  01  tliii  hnok  have  m  far  rAieinutrfl  uh,  that  we 
hxve  1111474 1 iiiciuuily  hurii^  mjii'ii  it*  pugt-a,  ni>i  lin> 
tnaff,  iiiitcrU*  im  aur  own  iiri»f>t,  hut  (uiifer  thnn  re- 
TJeweri  can  be  penuitteti  ti>  iudulRe,  %Ve  If  »ve  the 
furiheraijaLyiislMUii?  iMifirnt  rmi  .«^  n  i.fn-i.*  r  11. tr 
|0di|nieBtot  tJie  work  ha*  nit  ■  '1j 

axprened.    Itiflu  jutiiainciiL  i^d 

prmiK*    The  Worit  11  no^  wl  a*. ,.  i,,..,   -it  n* 

a  didaetie  ehATiicter  j  aAd  m  «uqii  wo  imil  itj  anil 


YOUATT  (WfLLlAM),  V.  S. 

THE  HORSE.  A  new  edition,  with  numerous  illufctrationB;  t«^|])er  wftk  1 
|T^ncrnl  hii^torv  '^'  t-  '^  ^-^i--  a  Dii^scrtatioTi  on  the  Araeriean  Trtsttiii?  Hor«*j  hom  *tf^atA »i 
Juoki^yt^d;  ao  !it»(  Kemurkable  Perfof manner  ^  and  an  E-^i<i=Ay  ort  the  A«t»MidtltbeMitle 

By  J.  tj,  Ski%  '  j  iy  Afij^JMant  PojslmaMer-General,  and  Editor  of  lb«  Turf  BcgtfUtf 

One  1  ar^je  ocl a vo  v i j I unie ,  *■  Jt t  ra  o lot  h ,    5 1  00 . 
The  attention  of  all  who  keep  har^et*  la  rcqtiested  to  I  hi*  band^otne  and  aoniplvte  edition  1 

work  whieli  t»  ree<^ixed  as  the  e^tatidnrdnuthoniy  on  at!  matteni  conn^cled  wiib  Tettriiiary  n 

«tne^    Th«  very  Jow  priee  ai  which  tt  h  now  oHered,  jkws.  ky  WAtL^  placers  it  witliiii  iJie  I 

every  one. 

BY  THR  SAM£  AtTTHOl,. 

THE  BOO.     Edited  by  E.  J.  Lims,   M,  D,     With   Bumeroos   ftnd  b««iliW_ 

ii\viMto\V3U».    In  ouft  -very  "banjAome  Toltunc,  crown  Svo.,  crimacm  Holb,  gilL  91  afl. 
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LANB  MEDICAL  UBRART 


To  aTold  flue,  this  took  alioiild  to  ratnrned 
on  or  tofiore  tte  date  iMt  ■Umpod  tolow. 


